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two basic theories of landform development - (1
the concepts of the geomorphic cyele {(Davis,
1922) and {2}  the

nypotheses (Hack, 1960).

steady-state  landscape

Goldthwait (1924) interpreted the geomorphic
evolution of Nova Scotia in the light of Davisian
concepts. He speculated that the entire region
was infilled after the Triassic and then ercded
to a peneplane. The age of this cycle would
predate the deposition of keolinitic clays and
silica sands found in isolated sites in lowland
regions of Nova Scobia. Goldthwait believed that
these clays were correlative with Cretaceocus
clays in New Jersey and therefore a C(retaceous
age was postulated for peneplanation. The
remnants of that peneplane are the erosional sur-
face represented by the flat accordant upland
surfaces of the Caledonian Highlands in  New
Brunswick, and the North Mountain, the Cobeguid
Highlands and the Atlantic Uplands of Nova
Scotia. Southward flowing rivers became super-
posed on these older bedrock terranes., ELvidence
for the courses of these ancient rivers are wind
gaps cut into the upland surfaces. These gaps,
sometimes occupied by misfit streams, align with
modern rivers. Examples of this alignment are
the Parrsboro and folly Gaps with the Shuben-

acadie and Avon Rivers, respectively {Faig. 2).

Uplift initiated a new cycle of erosion on
the Cretacecus peneplane. The consequent south-
ward directed drainage patterns were pirated by
subsequent  streesms  developing in  northeasst
striking basins which were underlain by weaker

Carboniferous and Triassic rocks,

Welsted {1971) argued that the trough of the
Bay of Fundy existed since the Triassic. He con-
tended that no evidence existed for extensive
post~-Triasssic cover of rocks and little evidence
for superposition of streams. Welsted inter-
preted the flat uplands as exhumed surfaces of
great anfiguity that did not form during the same
cycle of erosion. Rivers flowed down the syn-
clinal limbs and down the axis of the Bay of
Fundy. Wind gaps were created by tributary
streams flowing along fault zones. The cuesta

was formed Dby longitudinal streams cutlting
through the basalt into the underlying softer
gsediments while tributaries denuded the basalt

slopes.

Recent work has brought to light evidence

Geological Setting 5

Favoring Goldthwait's interpretation of ths
formation of the Bay of Fundy. King {(19723)
suggested that the lowlands of the Bay of Fundy
may have been covered by extensive Cretaceous and
Tertiary sediments and subseguently exhumed by
uplift. However, he did question the sxistence
of a peneplans. The presence of widespread
unconformities in the offshore sequence prompted
King {19728) to recognize that rejuvenation of
the landscape had occurred several times from the

Cretaceous to the Recent.

Hacquebard (1984) calculated that the depth
of burial of lignites in the Early Cretaceous
outliers was 700 - 1000 m {2300 - 3280 ft). At
this depth of burial Early Cretaceous or younger
sediments would easily have oversitepped the pre-
sent day Atlantic Uplands as well as the Cape
Breton Highlands which attain heights of 600 m
(1968 ft: fig. 2). The fect that Cretaceous
outliers are found on Triassic rocks near Truro,
as well ss on Carboniferous rocks in Nova Scotia
and New Brunswick {(Fowler and Stea, 1979}, sug-
gests that the Bay of Fundy basin was also
covered (Fig. 3). Tertiary sediments are known
40 km (25 m) southwsst of Yarmouth on the Meguma
Group rocks of the Atlantic Uplands as well as in
numerous outliers in the Gulf of Maine (King,
1972b; G. B. Fader, personal communicabion, 1986;
Fig. 3).

Implicit in Welsted's {1971 theory of the
evolution of the Bay of Fundy is that the present
topographical relationships were maintained since
the formation of the bay. 1f this theory is
correct and a Cretaceous or younger basin fill of
up to 1000 m (3280 ft) is assumed, then a minimum
of 1200 m (3937 ft) of erosion of the Atlantic
Uplands is required to maintain the present
height differences beiween the Atlantic Uplands
and the Bay of Fundy. This does not tske into
account  the possible subsidence in the faultb-
bound basins. Extensive erosion of the Atlantic
Uplands in post-Vis€an time is unlikely given the
preservation of thin skins of Windsor Group reef
carbonates on the upland surface {(Giles, 1981).

The sum of this evidence implies that the
Bay of Fundy formed after the Triassic-Jurassic
rifting episode and was infilled and exhumed at
least once and perhaps itwice in the Cretacecus
and Tertiary periods. Studies of the provenance
of heavy minerals in the Cretaceous sediments

(Stea and Fowler, 1981; Dickie, 1986) support
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this concept. Goldthwait (1924) postulated that
the surface of the Cretaceous peneplane was
coursed by southward flowing consegquent streasms.
The source of heavy minerals in some of these
Cretaceous outliers appears to be areas to the
north which sre not connected by present drainage
patterns.

TIDES OF THE BAY OF FimDY

The tides of the Bay of Fundy are the high-
est in the world reaching 16 m (53 ft) at the
head of bay (Fig. 4).
tides is due to a funnelling effect and to the
The 12.4 hr
period of the semidiurpal lunar tides is close to
the natural oscillation periocd of the Bay of

The unusual height of the

resonance period of the Fundy Basin.

Fundy basin., The effect is accentuated when the
moon is at perigee. There is a delay of 3 nhrs
between high tides in the Bay of Fundy and the
Atlantic coast because the tidal walter surges up
the bay as a moving mass. Ihis tidal surge tends
to accumulate on one side of the bay dues Lo the
Coriolis effect. The range of the tides are up
to 1.5 m {5 ft) higher in the Minas Basin
compared with the Cumberland Basin. The highest
tide recorded in historical times was a tide
associated with the Saxby Gale in 1B69. A
combination of high winds up the bay, abnormally
low pressure and a rare alignment of the earth,
sun and moon caused the tidal range to reach
21.6 m {70.9 ft) at the head of the bay.

Jides Through Time
The tidal rtange in the Bay of Fundy has not

Wightman (1976)
studied the sedimentology of Late Wisconsinan

always been as great as today.

raised beach deposits in the Advocate Harbour
area {see Stop 2; Day 6). He based paleotidal
estimates on the assumption that the foreshore
facies extends from the subtidal to the supra-
tidal zone and that the thickness of this facies
He estimated
that a 3.4 m {11.2 ft) tidal range existed during
the deposition of the beach deposits 13,000~

approximates the paleotidal range,

12,800 yr B.P. The lower range of the tides
during the deglaciation period may have been due
to the presence of residusl ice stresms in the
Ice in these basins
would sffectively change the opscillation perieod
of the Bayv of Fundy.

“Mingsoand. Cumberland Basins.

Greenberg {(1978) produced a model which can
simulate the tides in the Bay of Ffundy if the
configuration in the basin is known ({(i.e. the
Scott and Greenberg {1983} tackled
the problem of Holocene palectides of the Bay of

water depth).

Fundy.
change in the last 4000 vyears but had increased
30-50% between 700D and 4000 yr B.F. Perhaps
more importantly, they showed that water depth

fssentially, tidal ranges showed little

over Georges Bank (not within the bay) controlled
the tidal amplification, AL 7000 yr B.F., when
sea level was 30-40 m lower than present on
Georges Bank, most of the bank was sxpossd and
the wolume of water into the Bay cof Fundy
decrsased. As the bank was submerged, the flow
into the bay increased and the funnelling and
resonance effects combined to produce a high
tidal range.

Sea level researchers who use standlines or
other high water markers as a measursment base-
line should be aware of tidal ranges through
time. The high water merk could vary by several
metres, with only a small tidal expansion.

A famous festure of the Bay of Fundy is the
tidal bore created when the tidal surge enters a
shallow estuary. Under ideal conditions the bore
can be a wave 0.9 m (3.0 ft) high with speeds up
to 13 km/hour {8 mi/hour).

in our travels around the bay with particular

We may see the bore
opportunity at Truro {Day 6).
DUATERNMARY EVENTS

In the late 1800s when the glacial theory
started to gain favour, 8 controversy emerged
about the mnature of glaciation in the Bay of
Fundy region. The question exisits whether the
ice was local, originating in upland areas and
confined to the land masses, or part of a great
continental mass which crossed the Bay of Fundy.
Reverend D. Honeyman, who was curator of the
provincial museum in the late 1800s, discovered
amygdaloidal basalt boulders along the Atlantic
coast near Halifax 1876) . These
boulders were derived from the North Mountain, a
hasaltic cuesta which forms the border of the

{Honeyman,

MNova Scobtia side of the Bay of Fundy, and trans-
ported a distance of 130 km {80 mi}. Honeyman
used this observation to support the concept of a
continental-based ice movement that crossed the
Bay of Fundy.
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Robert Chalmers (1895) of the Geologicsl
Survey of Canade mapped surficial deposits and
glacial features in tastern Canads. He carefully

mapped glacial grooves and striations in HNova

Scotia and interpreted a seguence of local ice
. movements., He proposed that northern MNova 5Seotia

was glaciated largely by local glaciers with
floating ice a secondary agent in  low-lying
Contrary to Honeyman, [halmers did nob

believe that a glacler had extended across the

aress.

Bay of Fundy. Chalmers {1895, p. 95m) stated:

The depression of the Bay of Fundy was
e fr

| s . )
| . not crossed by land ic om southern
L

Mew Brunswick ... Neither has HNova
5

Scotia  been  glaciated by  extra-
peninsular ice from the north or north-

east,

i, W, Bailey {(1898) and ¥W. H. Prest (1896)
worked in mainland WNova Scotia and observed
erratics that supported the view of ice movement
across the Bay of Fupdy and the existence of
local ice caps. Bailey stated the compromise
position {1898, p. 26m):

As in other parts of southwestern Nova
Scotia the facts connected with the
glaciation of Digby Neck are, in the
opinion of the writer, best explained
upon  the supposition of submergence
beneath a continental glacier moving
southward and bringing debris sven from
the other side of the Bay of Fundy,
followed by a period of more locsl and
restricted distribution, when the
higher portions of the peninsula became
themselves the centre of the movement,
the latter now occurring in  all
directions.
J. W. Goldthwait {(1924) in his treastise
“Physiography of Nova Scotia” dismissed all
egarding local glaciers in Nova Scotia.
He envisioned a major ice mass moving soubtheast-
ward, stemming from a Labrador source, and a
subsequent soubthward directed ice movement stem-
sing . from ice in the Gulf of St. Lawrence called
Goldthwail's {(1924) ideas
ascendancy in the following vears, and
the wearlier work was discredited.
{1941, p. 143) for example dismissed
Thalmers. (1895) work as "without valdeY.

Pleistocene mapping in the Annapolis Valley
which was initiated &b  Acadia University,
Wolfyille (MacNeill, 1951; Purdy, 1951; Swayne,
1952} revived the concepts of continental, then
local, glaciations (MacNeill and Purdy, 1951).
At the same time, Flint {(1951) proposed on the

 work by Chalmers {1895) that two local
Hickox
(1962) confirmed that granitic erratics on the
derived from the South

Mpuntain Batheolith in Nova Scotia and not from

ice centres existed in Nova Scotia.
North HMountain were
Mew Brunswick as Goldthwait (1924) had suggested.

During this time, radiocarbon dating was
established and processes of glacier mechanics
were clarified. The timing of glaciations in
Nova Scotia emerged as a subject of contention.
Regional analyses of air photographs prompted
Prest and Grant (1969) to postulate that there
were several local centres of ice flow remnant
from continental lLaurentide ice that crossed the
Bay of Fundy. These authors believed that this

3+

local ice buildup was not due fo climatic

changes, but to drawdown of dce caused by
incursion of the sea into the Bay of Fundy and

Gulf of 5t. Lawrence.

The debate then focused on the timing of the
Laurentide ice flood, The Late Wisconsinan
substage (25,000-10,000 yr B.P.) was established
as the time of the last glacial maximum. King
(1969) dated the last glacial maximum in Nova
Scotia st 18,800 yr B.P, The Scotian Shelf
morainal system was concluded bto represent the
terminus of a2 major continental ice advance,
Grant (1975) proposed a southward flood of ice
orior to 39,000 yr B.P. followed by a retreat
about 38,000 yr 8.P. and re-expansion of MNova
Scotia glaciers during the Late ¥isconsinan.
Grant {1977)

that Late

further developed the hypothesis

Wisconsinan ice of  Labradorean
{Laurentide) origin never extended across the Bay
of Fundy and that mainland Mova Scotia, as well
gz Cape Breton Island, harboured their own ice
caps. This was accepted as the minimum model.
Grant (1977b, o. 247) stated:

Evidence from scattered stratigraphic

sections, from the relationship of =z

sequence of dce flow indicators to =a

raised interglacial marine platform,

together with the limits of freshly

glaciated terrain  against weathered

bedrock areas, indicates that late
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Wisconsinan  glaciers spread weskly DEGLACIATION

and in many areas fot beyond,
These were fed by a

toward,
the present coast.
complex of small ice cCaps

Concepts on the deglaciation of the Bay of

iocated on Fundy are linked to the maximum oF minimum views

proad lowlands and uplands. The of the Late Wisconsinan ice sheets. Denton and
limiting factor was the degp submarine Hughes {1981} suggested that the pattern of
channels that transect the reglon. radiocarbon dates on emerged marine sedimenis in
Thus, Leurentide ice was limited to the the region ars  an indirect indication of the

presence of calving ice streams in the Bay of

northern Gulf of St. Lawrence
Dates from the head

Fundy arcund 14,000 yr B.P.
of the Bay of Fundy, however,
Radiocarbon dates on sediments
retreating glaciers ab the head of
in the

in the maximum model proposed by the earlier are notably lack-

tate Wisconsinan {aurentide ice sheet formed

ing.

workers the
directly by

£illed the Bay of Fundy, crossed Mova Scotia and
Figure 2 shows the Bay of
resolution of the

Fundy are therefore crucial

yerminated offshore (Flint, 19713,
extent of ice in the Late

rhe ice distribution in the maximun and minimum

of the maximum model Wisconsinan.

models. in a varistion
Denton aend Hughes {1981) proposed that ihe Bay of
Fundy was occupied by an ice stream that merged
with a stream flowing into the Gulf of Maine.

sediments al
have shed
Three AMS dates
material from the

Recent dates on
Spencers [sland {see stop

some new light on this problem.

glaciomaring
%: Day 3)

Ll ™ vd Wl AW

There is evidence for a more complex picture
of ice movements than that envisioned by Grant
{1977) in the Late Wisconsinan and 8 COMPromise
238 Quinlan

hetween the minimum and maximum models.
and Beaumont (1981) through modelling of relative
seg level, inferred a L ate Wisconsinan ice dis-

nave been obtained o8 shell
beds of a glaciomarine delita at
Nova Scotia near tie head of the
the delis are

nottomset
Spencers Island,

Bay of Fundy. The sediments 3N

part of the previously uyndated Five Islands
rormation, and are the first direct indication of
The Five

the age of deglaciation in this region.

tribution somewhers between the minimum and maxi-

P mum models. Recent mapping in Nova Scotia has I1slands Formation encompasses glaciofluvial and
kﬂ ocutlined a complex pattern of farly to Late glaciomarine sediments that form raised and
d Wisconsinan ice flows. 1ne ice movement history terpaced outwash plains, deltas and raised
g of Nova Scotia is characterized by diachronous heaches along the shores of the Minas and
‘a advances and retreats of ice caps centred norih Cumberland Basins, Nova Scotia (Swift and Borns,
F of the Province on the Atlantic Uplands, 1967; Wightman, 1980; Stea et al. 19863 Fig. 6).
e Antigonish Highlands and Cape DBreton Lowlands

o, (Stes, 1984). The Bay of Fundy reglon was first The Five Islands Formation is divided into
e averrun by ice flowing eastward then southeast- two members - the Advocate Harbour Member and the
5t ward during lce Flow Phase 1 {(Fig. %) in the Saints Rest Member. The Gaints Rest Wember
va farly Wisconsinan. Following this major ice flow COmpPLises glaciofluvial deposits which include
a. which extended to the sbelf edge, ice flowed the outwash and topseb beds of the deltas. The
is southward and was funneled through the Bay of Advocate Harbour Member includes the bottomsel
an fundy from a centre neat prince Edward Island and foreset parts of the deltas and raised
"y (ice Flow Phase 2; Fig. 5). Ice divides were littoral deposits (Fig. 6). The deltas mark
31é then created across the Nova Scotia peninsula and prominent ice marginal stand positions from the
s ice flowed northward {lce Flow Phase 3; Fig. 5). retreat of the Llate Wisconsinan glaciers
1, Marinme incursion in the lower reaches of the Bay (Wightman, 1980j. Figur 7 shows the stages of

formation of the Minas deltas.

of fundy halted the spread of this ice mass. 1he

1ast event was Tlow oub of the Minas BDasin from a
The dates on the Spencers Isiand delia zange

ceptre in the Antigonish Highlands {Ice Flow

Phase 4). The Isle Haute Moraine (Fig. 2) may 14,300 - 12,600 yr 8.P and record the deposition
nave formed as an interlobate moraine early of the delta and a diamicton under the deltzaic
during Ice Flow Phase 4 as ice was confluent from depositis (Stea and Wightman, in press;s ihe
the Minas Channel and Cnignecto Bay. The last diamicton formed approximately 14,000 vy 8.0,

er ice shelf or calving bay conditions, of by
The.  bpengeis

thres ice flow phases are helieved to span Middle und
a re-adyvance

R s

of grounded

to Late Wisconsinan bime.
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Pre-Uplift

Figure 7. Evolution of the Minas north shore
putwash-delta terrace. Top- growth of
marine deltas, Middle-subasrial fans
overstep the delta. Bottom-modern
terrace after uplift, dissection and
sea level rise. {after Swift and

Borns, 1967)

Island delta is part of a prominent ice marginal
stand marked by numerous deltas along the Minas
Basin. The time of formation of the deltas and

the inferred ice margin is 12,000 - 13,500 yr

Quaternary Events 13

B.P. based on the dates of the Spencers Isliand
sediments. and the base of lake sediment cores
from the delta surface (the latter is confirmed

by palynclogy). fce marginal glaciomarine
deposits near Saint John, New Brunmswick record a
range of radiocarbon dates similar to  the

Spencers lIsland dates (Fig., 8). The Presumpscot
Formation in Maine {Bloom, 1963) is the Late
Wisconsinan equivalent of the Advoecate Harbour
i1t is @ grey, laminated, fossiliferous
marine mud. Dates within this formation range
13,320 - 11,500 yr B.P,

deqlacial dates obtained at the head and mouth of

Member.
The synchroneity of

the bay would suggest that the bay was virtuaslly
ice free at 14,000 yr B.P. Several total carbon
dates on the marine/freshwater transition in
lakes in New Brunswick may, 1if valid, extend
marine conditions back to 16,000 yr B.P. {(Scott

and Medioli, 1980).

St anhn {~ oS
¥ : o - |
£ " N . i

Conaventiono! rodiocarbon dote with error morgins
{one standard devigtion]

E 12,000 yr. BF

Dates of marine shells from moraines

Figure 8.

and ice-marginal deltas along the Bay

of Fundy
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RELATIVE SEA LEVEL CHANGE
INTROBUCTION

The first researchers of the Bay of Fundy
region were made aware of changing relative sea
isvel (RSL) by the presence of emerged shore-
lines. The age of the shorelines or the rates of
sea level changs could not be determined as no
absclute dating technigue existed. The first
comprehensive work on  changing RSL  in  the
Maritimes was by Grant (1970} who dated, by the
Cj’iif method, many sites of Holocens sea levels,
The RSL during the Holocene was shown fo be
Seott and Medioli (1982},
Scott and Greenberg (1983) and Scott et al,
(1981, 1984, 1987, in press) have provided rates

rising in all s=reas.

of RSL rise for 15 lpcations around Eastern
Canada some of which will be visited as part of
this field trip.

The rates of RSL rise tend to be higher
along the Atlantic coast of HNova Scotia and
inside the Bay of fundy and show a2 tLtrend of
decreasing rates from east to west {i.e. rate of
towards the former ice

RSL  rise decreases

centre). However, the rate of RSL rise is
anomalously high comparsd with areas away from
the former ice margin (i.e. Florida, Bermuda) and
comparable with those in New England (Redfield,
19675 .

Yarious hypotheses explain the anomalous RSL
rise. Grant {1970} suggested water loading on
the continental shelf. Although the continental
shelf off Florida is analogous to the Scotian
Shelf, the former is not experiencing snomalous
RSL rise and thus the water loading hypothesis
does not appear feasible. A model incorporating
the earth's rheology and crustal response io
deglaciation was suggested {(Peltier snd Andrews,
19765, This general model, which suggested =a
peripheral  forebulge collapsing
formerly glaciated terrain, predicts differing

across the

RSL rises as well as anomalously high RSL rise
along a former glacial margin {Fig. 9). The
model was applied to Eastern Canada specifically
1981;  1982) and the
results are in agreement with the gbserved level
changes. The model

(Guinlan and Beaumont,

predictions and field
observations ({(Fig. 10) indicate that the Late
Wisconsinen ice cover was somewhers beiween the
minimum  and meximum models with little or o
grounded ice in the southern Gulf of 5%,

Figure 9. The upper diagram is & schematic

representation of a periphersl bulge
at 18,000 yr B.P. and present time,
The bulge migrates in the direction
of the arrow affecting RSL st sites
A, B, € and D. The lower panel shows
the RSL history at each of the sites
A through D resulting from bulge
Quinlan and

migration {after
1N
iy

Beaumont, 1981

Lawrence, Thin ice (<1 km (0.6 mi) thick)
covered much of the Bay of Fundy region. The
effect of the retreating forebulge produced =a
series of RSL 'zones' based on the changes of RSL
since deglaciation (Fig. 10, A  zone of
continuous submergence f{zone D)} produced by
collapse of the leading edge of the forebulge is
located at the periphery of the ice load. Zones
C, B and A parallel the migrstion of the fore-
bulge and show various times of emergence and
submergence {(Fig. 9).

Scott  and Medioli (1980as) and Honig and
Seott {1987) use a method of coring lakes within
marine limit to determine the RSL history of =a
reqgion. The method is relatively simple
involving these steps: (1) core a basin, (2, date
the marine/freshwater transition and (3) measure
the elevation of the lske sill, An emergence
curve for the Bay of fundy region {Fig. 11} has
been produced using this method., Several total
carbon  dates of 15,000-16,000 yr B.P. were
recorded at the base of lske cores, indicating
that at 16,000 yr B.P. the Bay of Fundy may have
been ice free to the head. However, Rampton et
al. {1984 fesl these dates are too old as
gimilar dates obtained from the base of lake
(1975} do not correlate with

assemb lages, The older dates

cores by Motl
palynological
suggest deglaciation started much earlier, as




70° 65° 50° 55°

50°

45°

Figure ). Theoretical sea level zones predicted
in accordance with the maximum ice
load configuration of Quinlan and
Beaumont {(splid lines, capital
letters) with modificabions based on
field observations [dashed lines)

designated in the MNorth Atlantic vrecord of
Ruddiman and Macintyre (1981). Shell dates of
12,600 - 14,000 yr B.P., are from glacio-marine
sediments associasted with delta and moraine
formation. These dates mark sea levels
associated with a delta surface. If the older
dates are correct then the emergence curve
developed by Seobtt and Medioli (Fig. 11) implies
that these younger dates may not be associaled
with maximum marine emergence and that the ice
margin receded well inland before the formation
of the coastal deltas.

The sea level record based on field
observations from emerged features and lake cores
will be discussed in three segments: (1) Sangamon
sea levels, {2) Late Wisconsinan sea levels and
(3) Holocene records,

SANGAMON SEA LEVELS {ca. 120,000-300,000 yr
B.P.)

The earliest record of former sea levels in
the Bay of Fundy region predates the initial
eastward and southeastward ice flows across Nova
Seotia  (Fig. 5). Tills formed during these
regional ice Tlows lie above a rock bench at an

elevation of 4-6 m {13 - 20 ft) above sea level,
This bench has been found at similar elevations
in Nova Scotia {(Grant, 1975 and Newfoundland
&
4

Henderson, 1972). Gravel beds, sea stacks

Relative Sea-lLevel Change 15

{Grant, 1980) and striated potholes {Rampton et
al., 1984) have also been found on the surface of
this bench. Grant {1980) inteprets this bench as
a wave-cut festure relabting to higher sea levels
during the Sangamon Interglacial., There are no
direct dates on this feature but peat beds beyond
the range of radiocarbon dating have been found
above the bench in Cape Breton Island. Paly-
nology of the beds suggest that they were formed
during an Early Wisconsinan interstadial, e
will make several stops along the shores of
Georges Bay and the Northumberland Strait of Nova
Seoctia (Fig., 1) te view this feature and the
overlying stratigraphy.

Grant {1980) pointed out that the feature
records a former equilibrium state belween sea
e

level and crustal rebound after a major glaci-
ation, The present interglacial period will
reach this state in another Z000 yr assuming the

o

current rate of submergence of 0.3 m/century
;
S

(1 ft/century).

LATE WISCONSINAN SEA LEVELS {16,000-10,000
yr B.P.}

The Bay of Fundy is part of ASL zone B - a
zone of  emergence followed by subsidence
{(Fig. 10). Raised marine features dating 14,000
- 12,500 yr B.P, are found at wvaricus levels
around the Bay of Fundy. Figure 12 shows the
distribution of these features in the Bay of
Fundy. Wave-cul terraces, raised beaches and
deltas were the major landforms produced during
the late-glacial high stand of sea level.
Isplines of marine emergence based on the
elevation of these fealures were constructed for
the Bay of Fundy cosstal region, The general
pattern is a north to south decrease in marine
emergence from >BO m (262 ft) te <40 m (131 ft)
in the western region nesr Passamaquoddy Bay and
a west to east decrease from 40 m {131 fi) to Om
(0 fty at the head of the bay (Fig. 12). Major
perturbations in the 40 w (131 ft; isoline occur
along the south shore of the Bay of Fundy and the
Chignecto  Peninsula  areas where  anomalous
emergence has been noted.

The eastward decline of the paleoshore from
{ape Chignecto to Truro at the head of the Bay of
Fundy has been explained by two models - (1) an
eastward deglaciation causing delay in marine
incursion and {2) differential dce loading.
Wightman and Cooke (1978) “and Graent (1980)
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attributed the decline in emergence to southeast-
ward tapering of the effective regional ice
load. This theory is implicitly connected to the
maximum model because it insinuates that Late
YWisconsinan ice crossed the Bay of Fundy. Prest
{1970, p. 710) proposed that the declining marine
limits were due to the gradusl uncovering of the
shore by an eastward retreating ice lobe in the
Scott and Medicli (1980a) showed
that the elevation of marine deposits in lakes

Minas Basin.

also decreases between Saint John and Sackville,
New Brunswick, with marine maximum at +75 m {246
ft) near Saint John and <10 m (33 fi) nsar
Moncton. These authors proposed a late ice model
{Seott et al., 1987; Fig. 13) based on the
anomalous RSL curves and emergence in the area.
The late ice cap is centred over the tip of the
Chignecto Peninsula where local emergence is
greatest. However, Stea et al., {(1986) have shown
that the tip of the peninsula was the first area
to become deglaciated. An end moraine system,
north of the tip of the peninsula, marks the
margin of the last glacier which receded up
Chignecto Bay (Fig. 6). As well, 1ce receded

Westward
striations near OSpencers Island imply that the

into the HMinas Basin. Lrending
westward flow of ice out of the Minas Passage
{Ice Flow Phase 4: Fig. 5) reached well into the
deeper parts of the Bay of Fundy.

The maximum ice lpad model cannct explain
the decline of marine limit in Chignecto Bay.
The axis of the bay is subparallel to the general
frend of isobases inferred by the ice load model

boungdary
V~SL/ -

i
in
i
&
wn
o

Figure 13, Map of

" the Maritime region indicabting
ice  lobe

for the Late

L

(&%

Pleistocene and sea level zones

so there should be little differential uplift

along 1its length. The emergence data, however,
shows a deflection of isclines to the northwest
so that they are perpendicular to the axis of the
bay and to the direction of ice flow during the
Ice Flow Phase 4 (Fig., 12). This impliss that
marine incursion was delayed as this ice lobe
retreated up the bay and inland. Rampton and
Paradis {1981a) alsoc sexplain discordancies in
marine limits in New Brunswick by the persistence

of residual ice caps.

Perturbations in the 40 m (131 ft) isoline

p.
7

along the North Mountain shore ( ig. 12) are =

result of the 20 m (66 ft) variation in elevabtion

€]

between deltaic deposits and nearby beaches
This variation may be due to a glacier advance.
Hickox {(1962) proposed a glacisr readvance {ca.
11,000-10,580 yrs B.P.) over the Margaretsville
delta {Stop 2; Day 2J. The readvance may have
interrupted emergence before the formation of the
raised beach after deglaciation, Grant {1980)
observed similar displacements of shorelines due
to glacier readvances in Newfoundland.

It is apparent that the marine-limit plane
defined by deltas along the Maine shoreline
{(Fig. 12) has been isostatically uplifted in
response o Greater

deglaciation. uplift

cecurred  to  the northwest, where the late
The tilt, as
measured acrpss the isolines in central Maine, is

0.49 m/km (2.60 ft/mi).

Wisconsinan ice shest was thicker,

Figure 12 shows an area of anomalously low
deltas in the vicinity of Passamaguoddy Bay, It
is likely that this area experienced Holocene
crustal  subsidence, especially  in view of
geodetic leveling data and other evidence for
recent downwarping (Anderson st al., 1984). An
alternate possibility is that a late-glacial ice
mass lingered in eastern Maine while isostatic
uplift was in progress, The result of the later
scenario would have been that deltaic ssdi-
mentation persisted longer in the Passamaquoddy
Bay region as RSL was falling, and thus the
sastern Maine deltas would not be at  lower
altitudes than the deltas in the central to
southwestern coastal lowland, There was, in
fact, a major standstill of the ice margin {of
uncertain durstion) along the Pines Ridge moraine
system. However, deltas that formed contempor-
aneously along this moraine system and were

graded presumably Lo the same RSL are now lower




to the east, This fact, as well as the abrupt-
ness of the flexure of the isolines, seems to
favor a neotectonic explanation for the low
altitudes of the eastern deltas.

HOLOCENE SEA LEVELS (18,000 yr B.P. io
present)

Sea level data is minimal for the time prior
to 7000 yr B.P. Milliman and Emery (1968) report
sea levels of -40 m (131 ft) in Georges Bank at
10,000 yr B.P. Sea leyel reverse points were
dated at 7000 yr B.P. by Scott and Greenberg
{1983) and Scott and Medioli (19827,

Much of the coastline was emergent before
7000 yr B.P.  Since 7000 yr B.P., RSL has been
rising in most of southeastern Cenada at varying
rates which are dependent upon the position
relative to the collapsing forebulge (Fig. 10).
where RSL data dates back to 4000 yr B.P., there
is a break in the rate of RSL rise at 2500 yr
a,P., as reported for New England {Redfield,
1967%. Rates of RSL rise prior to 2500 yr B.P.
can be as high as 1 m/century (3.28 ft/century).
However, rates after 2500 yr B.P. are ususlly
Jess than 20 cm/century except at the edge of the
continental shelf where rates do not appear to
have changed since 7000 yr B.P. (Scott et al.,
19847,

SYMPOSIUM FIELD TRIP
ITINERARY
Day 1 - July 20, Honday
Leaders: Stea, Scott, Boyd, Douma

Fundy Tide ({(09:30) HIGH
{WINDSOR) {15:40) LOW

Time Event

0800 muster at Dalhousie University in
Halifax; travel to Wolfville
0845-1015 Stop 1-1

10451130 Stop 1-Z

1145-1330 Stop 1-3

14151430 Stop 1-4

11450-1600 | Stop 1-5

15615 arrive in Wolfville; stay at Acadia
University

Leaders: 5tea, Scobt

Relative Sea-Lavel.fhange 19

Day 2 - July 21, Tuesday

Fundy Tide {(10:25) HIGH
{WINDSDR) {16:35) LOW
Time Event

0810-0820 | Stop 2-1

0850-1000 | Stop 2-2

1130 arrive at Ferry Terminal in Digby,
Nova Scotis

0300 board ferry to Saint John, New
Brunswick; depart immediately for
Michias, Maine

1700 arrive and stay at Universilty of

Maine in Machias

Leaders: Kelley, Kellsy

Day 3 - July 22, Wednesday

Fundy Tide {10:00) HIGH
(MACHIAS)  {(16:05) LOW
Time Event
0800 muster at University of Maine
(0820-0930 Stop 3-1
0945-1030 Stop 3-2
1045-1300 Stop 3-3
Stop 3-4
Stop 3-5
1400-1500 Stop 3-6
1700 arrive at Shiretown Inn in St.

Andrews, New Brunswick

Leaders: Seaman, Nicks

Fundy Tide
{SAINT JOHN) (17:15) LOW

Day 4 - July 23, Thursday

{11:05) HIGH

Time Event
0800 muster at 5t. Andrews
0830-0915 Stop 4-1
01001300 Stop 4-2

.ein continued
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1315
1400
1700
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-1330 i Stop 4-3
~1500

Stop 4-4
arrive Mount Allison University,
Sackville, New Brunswick

Day 5 - July 24, Friday

leaders: Seaman, Scotlb, Stea
Fundy Tide (12:30) HIGH

(MONCTON)  (18:30) LOW

Time Event
0800 muster at Mpunt Allison Universilty
08300915 | Stop 5-1

1000
1115
1200

1630

~-1100 | Stop 5-2
~-1130 | Stop 5-3
-1400 Stop 5-4
1430-1600 | Stop 5-5

n t

return to Mount Allison University

Day 6 - July 25, Saturday

Leaders: Stea, Wightman, Finck, Scott
Fundy Tide (13:25) HIGH

{IDGGINS) (19:30) LOW
Time Event
0800 muster at Mount Allison University

1545
1700
1860
1900

0845-1030 Stop 6-1
1100-1300 | Stop 6-2
1315-1430 | Stop 6-3
1500-1530 | Stop 6-4
-1630 | Stop 6-5
-1730 | Stop 6-6
-1830 | Stop 6-7

arrive in Jruro; stay st Palliser
Motel

Day 7 - July 26, Sunday

Time Event

1030

17068

09301000 | Stop 7-1
~1200 | 5Btop 7-2
1300-1450

arrive in Halifax

DAY 1 - CENTRAL NOVA SCOTIA (JILY 20)
Stop 1-1. Lentz clay guarry
Leader: R. R. 5tea

Purpose: To examine evidence of a late-glacial
climatic oscillation equivalent to the
Allerod/Younger Dryas in Europe

Route: Leave Dalhousie Universibty, Halifax at
0800 hr; take the A. Murray Mackay
bridge to Highway 118 and merge with
Highway 102; take Exit 7 to Enfield and
proceed east on Highway 2 for approxi-
mately 10 km (6.2 mi); arrive at 0B4S
hr.

Introduction:

The first stop of the trip will be in the
clay quarry of the L, E. Shaw brick plant in
Lantz {Fig. 14). leistocene clay is mined for
the manufacture of brick. Kaclinitic clays of
Cretacecus age are also used and we will see the
stockpile of these different clay types as we
enter the plant. The different clays are blended
to produce brick of varying colour and quality.

The purpose of this stop 1is to examine
svidence of a late-glacial climatic oscillation
eguivalent to the Allerod/Younger Dryas event in
Europe., A buried peat bed of boreal-tundra
climatic affiliation, dated at 10,900 - 11,700 yr
B.P., was found at this site. This site is one
of 15 documented sites of this age in Nove Scotis
{(Mott et al., 1986).
found along the coastline but none of the sedi-

Many of these sites are

ments in the exposed sections are known to be
marine., There is a lack of HSL data for this
time period, but some indirect evidence of ses
levels at this time does exist. Indians occupied
a site at Debert (Fig. 2) approximately 10,585 yr
B.P. near the end of this warm interval. Land
migration routes to this site may have been
blocked by residual ice. An attractive theory
proposed by Borns (1966) suggests that the Minas
Basin and large parts of Chignecto Bay were land
during the 11,000 - 10,000 yr B.P. pericd and
ytilized by the Indians as a migration route from
Mew England, The chalcedony used in the Debert
projectile points is found alpng the Minas Basin
shore near Five Islands {Fig. 2; Macdonald,

195687,
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Figure 14. Location and surficial geology of the Lantz site (Day 1,

locstions shown in Figure 15

Site Description:

The Lantz site is located in the clay quarry
of L. £, Shaw Limited in Lantz, Halifax County
{Fig. 14)}. The site is part of the Hanis -
Colchester Lowland region which is underlain by
Carboniferous end Triassic rocks (Figs. 2 and
3)}. The lowlands are bounded on the south by the
Atlantic or Southern Uplands and on the north by
the Cobeguid Highlands. The site is underlain by
Farly Visfan Windsor Group rocks including gypsum
and limestone. The clay quarry area is located
in a gently undulating plain which lies above the
flood plain of the Shubenacadie River. The tidsl
surge reaches up river as far as the village of
Shubenacadie.

The stratigraphy of the site was gleaned
from pits that have been exposed during the last

5 .years, Three sections in the clay guarry area
are shown 1in Figure 15, The first section
{section A) is part of a 20 m (66 ft) wide swale.
ihe units described in the section all pinch out
ab the edge of the swale and grade into sand
which immediately overlies the quarried clay.

Unit 1 is a massive clay to rythmically
laminated greyish brown clay-silt. Calcareous
concretions are commonly found weathering out of
exposed clay blocks. Unit 1 underlies most of
the area of the brick plant to & depth of W0 m
{33 ft), ARuger holes reveal that sand and gravel
underlie the clay to depths of 5 m (16 fi).
Rootlsts were found in the upper metre (3.3 ft)
of the clay unit but these did not continue
through the underlying sand. This unit 1is
presently being quarried.

Unit 2 is a grey to brownish sand which
becomes oxidized toward the contact with Unit 3.
A placon is developed in some areas at the top of
Unit 2.

Unit 3 is locally gravelly at the base with
a discontinuous greenish clay zone, which in turn
is overlain by a peat layer of variable thickness
(0-0.3 m; 0-1.0 ft). In observed sections, the
peat zone pinches oub at the ‘edge of the swale.
A4 bulk sample of the peat was dated st 11,100 %
100 yr B.P. (GSC - 3116). Samples of the bottom
and top of the peat zone were -dated at




22 Symposium Field Trip Guidebook

Figure 15. ©5tr

aphy of 3 sections exposed al the quarry

11,700 %100 yr B.P. {(GSC - 3774} and 10,900 %90
yr B.P, {GSL -~ 3771) respectively.

Unit 4 is a grey, blocky clay which becomes

reddish with higher sand and sione percentage
toward the contact with the overlying peat. This

deposit constitutes the bulk of the construc-
tional landform which contains the pest. This

diamict is corrslated with a sediment at

section B which has an increased stone and sand
ent, and overlies and intrudes Unit 1.

Unit 5 occurs at southern end of the
quarry nearest the Shubenacadie River. It is a
buff, gravelly sand with reddish clay layers and
overlies the reddish diamict. The gravelly sand
is capped by a reddish clay layer abt section B.
Organic clay lenses and wood fragments were found
in arcuate channel-fills within the unit. A wood
(Populus sp.) fragment from these organic layer
was dated at 9690 % 110 vr B.P. (GSC - 4047).

w

The environment of deposition and the paleo-
climatic interpretation of these units is
summarized as follows:

Upit 1 - the clay at the site is believed to
have a glaclo-lscustrine origin based on the
presence of concretions, and banded or rythmite
~bedding, and the lack of fossils, The clay is
tbecated  throughout the Shubenacadie Valley and
adijscent lowland rtegions {Fig. 2). At some

locations, ‘the clays are rythmically bedded and

contein large  dropstones. During rtegional
glaciation {ca. 14,000 yr B.P.}, a large lake

formed due to the blockage of northward drainage

by residual ice. Lacustrine deposits, o

mprising

mainly clays, formed in the ice-dammed lake,

Units 2 and 3 - the ice dam was breached

during the ensuing warm period {ca. 19,500 vyr
B.P. - 10,500 yr B.P.) which lasted 500 - 1000
YT The pollen profile of the Lantz site
indicates that it was a bog environment. Shrubs,
notably sedge {(Cyperaceae) and birch (Betula)

1

migrated to the si

e followed by spruce
(Picea).

Unit 4 - the interpreiabion of this sediment
is  contentious and has  regional  climatic
impl 198?;0&99 The unit is not well exposed in
the quarry area. 1I is clay-rich in some paris
of the quarry but stonier in others. Pollen
within the unit suggests that it may be a lake or
flood plain  sediment (Mott et al., 1986
Evidence of intrusion and deformabtion of the
sediments beneath 1if suggesis that it may be
glacigenic (Fig. 16). Recently, till-like
diamictons were found overlying peats of the same
age in other parts of the Province. If the
deposit is a till, then =a glacial interval
truncated the warm period when the peal was
deposited,

Ynit 5 - this unit represents a flood plain
deposit.,




Stop 1-Z. Selmah Bar

{eaders: R. Boyd, M. Doums, D. B, Scott

Purpose: To examine sedimentary features formed
in the macrotidal environment of the Bay
of Fundy

Route: {eave Lantz at 1015 hr and proceed east

along Highway 2 for 7 km (4.3 mij; turn
1eft onto Highway 14; rejoin Highway 102
at Fxit 9; tske Exit 10 to Highway 214
and proceed north for 25 km {15.5 mi);

arrvive abt 1045 hr.

Introduction:

We will be driving along the Shubenacadie
River as we aspproach Stop 1-2 (Figs. 2, 17). The
name "Shubenacadie” is derived from the Micmac

Indian word ‘place wher
The river winds its way through the Hants-

wild pobatoes grow”,

Colchester Lowlands underlain by Carbonifercus

clastic and eveporitic rocks. The tidal bore can

e seen from the cantilevered bridge abt South

Maitland {(Fig. 2 Drumlin exposures along the
i

b
Je
lowlands of fne  Shubenacadie  River form
spectacular cliffs tpat are constantly undercub
L

by the powerful Lidal surge travelling up the

Bay 1 23

river. Three till wunits are exposed in the
The orientastion of the drumlins and
striations indicate a major periocd of soulhward

section.

ies flow (Ice Flow Phase 23 Fig. 5). The terrain
fahric and surface ocutcrops of most of this
Tegion, however, relate evidence of  two
subsequent ice flows, to the northeast {(lce Flow
Phase 3) and to the west (Ice Flow Phase 43

Fig. 5.
This stop is e very pepuler sife. Many of

s as well as previous conferences have

5

i

as part of the program. The Selmah

the classic 'mega’ features formed

Figure 16. Photograph of clastic wedge of Unit 4 intruding Unit 3

as a result of the expanded fundy tidal range.
The featurs has been studied intensively since
1971 due to its easy accessibility and excellent

eXpOsSUre.

WARNING: Depending on the state of  the
ide, it is possible te walk to the puker jedges

i

f this feature.
not to put any large chennels between yvourselfl
and the shore since the tide floods Tapidly west
beginning 1.5 - 2.0 hr after low walet lsvel. 1

However, we must caublon  you
7 7

you become cut off, it is = difficy Wil in
very cold water and fast currents 83 the bar 3
entirely submerged at high tide,
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COBEQUID BAY

Fagure 17. Location or Selmsh Bar {Day 1, Stop 2)

Site Description:

We will briefly summarize some of the high-
lights. The shore cliffs near Selmah Bar range
2-10 m (7-33 ft) in height and are mostly till

=

with some red Triassic sandstones and shales &
Salter Head. There =are some fringing.  salt
marshes but we will see much better examples of

these high tidal range marshes at later stops.

Gravel beaches, mud flats and a wave-cui
platform face out into the bar between the
coastal cliffs and the bar.

Selmanh Bar:

The bar is & large, depositional sand body
measuring 4 km {2.5 mi) long and up to 1.5 km
{0.9 mi) wide with a relief sometimes exceeding
The feature we will see occupies
portion of the large

&'m {20 fi),
the southeastern most
complex of similar sand bars that fill Cobequid
Hay west of Salter Head (Fig. 17). The general
size and shape have remained relatively constant
since the earliest records {Knight, 1980; Amos

and Long, 1980).

The topography of the bar is dominated by a
large swatchway (Robinson, 1960) cut diagonally

across the festure. The cross-section of the

entire area is generally asymmelrical. The
£

symmetry 1s controlled by the flood tide

component .

Sediments:

The sediment that makes up Selmsh Bar is

redominant 1y well sorted medium  sand  with
b

coarser sand in areas adiecent to the foreshore

and finer sands on the sastern edge of the bar.

There are isclated patches of gravel and boulders

as a result of ice rafting.

Features to Observe:

What distinguishes this bar from other
tide-dominated estuaries dis the tidal
This allows us to closely examine the bedforms
at low tide (Fig., 18). Dalrymple et al. (1978;
1982) recognize four morphologically and
hydraulically distinct types:

range.




Ripples: .05 m (D.16 ft), wave
length <0.3 m (1.0 £t), straight to linguoid
in plan (Fig. 187,

neight

Type 1 megaripples: height 0.05-0.5 m {0.16
. 1.6 fi), wave lengih 0.2-5.0 m (0.65-16
Fr), relatvely flat profiles,

Type Z megaripples: neignt 0.05-0.7 m {0.16
. 7.3 ft), wave lengih 0.05-14.0 m {0.16-50

fr), steep profiles, and

Sandwaves: height 0.15-3.4 m (5.5-11 FL),
wave length 5-215 m (16-705 fry, may have
first three types incorporated within them.

e

Day 25

At low tide, tripples exist almosih sverywhere
superimposed on larger festures.. ~Types 1 oand 2
megaripples occur  on most parts “of the bar,
either alone where grain size is finsr o super-
imposed on sandwaves where sediment is coarse.
Sandwaves occur along the south side of the bar
wherever grain sizes 8are jarger than 0,31 wm

{(g.01 1n).

Stop 1-3. Tennycape Duarry
| eaders: R. R. btes, p. W. Finck

Purpose: Jo examine striated outerops and tills

formed by several ice flows

Figure 18. Photoaraphs  of
] 1
the tidal chan-

n
nel and ba

bl

Iud

facies a
Selmah Bar. A
- Type 2 mega-
ripples on the
surface of
Selmah bar, B -
cross-section

of Type 1 mega-
ripple showing
fiond dominated
cross~stratifi-
pation abt  the
base of the
trench and ebb
tide reworking
at the crest.
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Route: Leave Selmah Bar at 1130 hr and proceed
westward along Highway 215 for 20 ke
{12 mi):; at Tennycape bridge turn left
and travel along dirt road to qusrry;

arrive at 1145 hr.
Introductiion:

The site at Tennyeape Quarty (Fig. 19)
reveals evidence of most of the ice flows that
have affected the area during the Wisconsinan

tage. Ths sequence of the last two lce flows is
also revealed at a location east of this area
where a flat siltstone surface bearing striations
{trending 247°) crosscut wide grooves (trending
020°) stained with iron oxides. The preferential
staining of the grooves may indicate an ice-free
period of subserial weathering. Large east-west
oriented esker systems in the Shubenacadie region
have predominantly west tLrending paleoccurrent
indicators (P. Watson, personal communicalbion,
19835,

Site description:

A11 regional flow trends can be seen at the
Tennycape Quarry site (Fig. 5J. A westward
sloping bedrock surface of Carboniferous silt-

stone is exposed at the gquarry. The bedrock is

buried under 8 m (26 ft) of till{s). The lower
surface reveals striations trending 138° cut by
striations trending 180° {Fig. 20}. Bedrock

surfaces in the upper part of the quarry sare

inscribed with two sets of striastions, one
trending 028° truncated by a second trending
2817, Pebble 'shadows® or 'mini’' crag and tail
features on conglomerates at nearby localities
also indicate evidence of the same fwo ice
flows, A boulder of porphyritic granite embedded
in the upper part of the till section abt the
quarry 1is believed to have been emplaced by a
flow which crossed a section of the batholith to
the southwest {(Fig. 3).

Stop i1-4. Windsor Mud Flats
Leader: D. B. Scott

Purpose: To show the effect of & dam across a
major tidal channel

Route: Leave Tennyecape at 1330 hr and proceed
along Highway 215 for approximately 50
in {31 mi): turn right onio Highway 14
and travel west for 7 km (4 mij; turn
right onto Highway 101 and travel north-
west for 4 km (2.5 mij; arrive at 1415
nr.

Introduction:

This will be a relatively short stop to look
at a recently formed mud flat (Fig. 21). In
1970, a 900 m (2953 ft) long, impermeable cause-
way was constructed across the Avon  River
directly reducing the tidal prism by 4.2 x 106 mg

MINAS  BASIN

Figure 19. Location of
Tennycape QQuarry

{Day 1, Stop 3)
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Figure 20.
flow to the northeast

3,
}=

(4.2 x 3743 ft caused a

decrease in

This, of
tidal
If you look closely at the water you

course,

substantial currents  and

turbulence.
will notice it is virtually opague from the large

apount of sediment load. This is the situation

in most of the Minas Basin. The sediment is

largely derived from the soft bedrock cliffs in

the area, Any decrease in the hydraulic regime

will cause a dramabic increase in sedimentation

rate. The Windsor mud flat is the most

pronounced example of how man-made structures can
influence this environment.

To appreciate the ‘before and after’ effect,
look on the landward side of the causeway. The

channel 1is deep and once extended through the

present day mud flat on the seaward side. The

mud flat is also prograding seaward and there is

some evidence that the causewsy may have

slightly decreased the izl range. Studies here

indicale rapid accretion in the summer {mean rate

5 em/month; 2.0 in/month; maximum 14.6 cm/month,

e

5.7 in/month) which is partially balanced by ice
plucking in the 1978). The mnud
about 4 m {13
Ft) of mud with its surface 3.5 m {11.5 ft} below
HHW (Amos, 1978). Salt marsh plants {(Spartina

i . 7
winter {Amos,

flat appears to have stabilized

Photograph of the siriated bedrock surface at Tennycape Quarry; ice
t (028°

)
west (281°) marked by compass

marked by pencil and ice flow to the

B

alterniflora) have already begun to colonize its

take hold,
rapid growth phase

they will
until the
marsh surface reaches the high marsh phase (i.e.
about 1 m (3.3 ft) below HHW),

surface and these

another

once
promote

Stop 1-5. Woifville

ieaders: S. Bleakney, D. B. 5Scott

Purpose: To examine buried oysters in a Holocene
section near Wolfville
Route: Leave Windsor 1430 hr and travel north-

westward along Highway 101 for 18 km (11
mi}; take Exit 10 and proceed along side
road for 2 ke (1.2 mi); turn Tight
towards Evangeline Beach and travel
north for 4 km (2.5 mi); arrive 1450 hr.

introduction:

Evangeline was the fictional herocine of the
in the poem.of..the 'same name.
i the plight .of the. Acadians
French seitlers who colonized The Minas -basin
region in the 1600s and were deported from:their

Longfellow

‘he poem depicts
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" Windsor

Figure 21. location of Stop 4 of Day 1

homelands by the British in 1755. The majority
of the extensive dykelands in the Minas Basin

area was builb by the Acadians,

This site {Fig. 22) is famous for both it

o

interest a3 a ancient level site and for th

o

extraordinary size of the oysters found there
(Fig., 23). Although at 4000 yr B.P. the climate
in MNova Scotia was considerably warmer, these
oysters do not live this far north at present.

To be able io see everything, we reguire a
spring low tide. Unfortunately, this situation
will not exist today. However, we will have some
examples of the oysters and you will be able to

see the general area.

The significance of the oysters is that the
upper limit of their habitat is LLW level. In
combination with dates of tree stumps, which
indicate the HHW position, wmeasurement of the
paleotidal range is possible (Bleskney et al.,
1981). It is suggested that at 3800 yr B.P. the
tidal range was 4-5 m (13-16 ft) compared with
the present 16 m (53 fit) range.
about 30% of the latter. These figures contra-
dict the Scott and Greenberg (1983) calculstions
of palectides for 4000 yr B.P. which were about

The former is

82-88% of the present range (i.e, about 13.14 m;
43.11 fi).

We will not try to resoclve this conflict

here but let the participants in the field trip
come up with their own ideas.

DAY-Z -~ NORTH MOUNTAIN AND ANMAPOLIS VALLEY
{3y 21)

Stop 2-1. Turper Brook

Leaders: R. R. Stea and D. B. Scott

Purpose: To view an emerged strandline and the
remnants of a8 wave-cut cliffP along the
North Mountain cuesta
Route: leave Acadia Universily, Wolfville at
0730 bhr and travel east =along Main
Strest for 3 km {1.9 mi); turn left onto
Highway 101 and proceed westward for 30
km {18.6 mi); turn right onto Highway
360 and travel north for 14 km (8.7 mi);
arrive at 0810 hr,

Introduction:

A veneer of beach deposits mantle the shore
of the MNorth Mountain below elevations of 20 m
(66 fty; Figs. 2, 24). MacNeill {1956) and Hickox
{1962 mapped these deposits and assigned varying
slevations for emerged strandlines. Hickox
stated that RSL was never higher than 20 m {66
ft) in his msp area. However, MacNeill {in Prest
et al., 1972) noted that the elevation of the
Margaretsville delta (Day 2, Stop 2) suggested a
much higher stand of sea lsvel (45 m; 148 ft).
mapping by the authors revesled an
increase in strandline elevations from northeast

Recent

to southwest along the North Mountain, The
strandline incrsases in elevation from 20 m (66
ft) to 38 m (125 ft) above mean sea level from
Scots Bay to Hempton along the North Mountain
(Fig. 12). There is a discontinuity of 20 m (66
ft) between the RSL indicated by the delta at

Margaretsville and the nearby strandlines.
Hickox postulated that ice advenced over the
delta. The RSL discontinuity is probably a

result of rebound that occurred when ice covered
ithe delbta before the formation of the stirandline.
Grant (1980) postulsted that glacier readvance in
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Figure 22. Location of Stop 5 of Day 1

Newfoundland crested similsr discontinuities in
emergence.

Site Descripiion:

The Turner Brook site reveals a wave-cul
bench and cliff eroded in bill, with a thickening
wedge of beach deposits (Fig. 25). The emerged
sea ©liff is 14 m {45 ft) high (Fig. 24)., The
beach terrace slopes seaward at  3-7°  and
terminates in the modern sea cliff.

Stop 2-1. Hargaretsville

Léaders: R. R. Stea and D. B. Scott

Purpose: To see an emerged della with a kame

field superimposed on the delta surface

Route: Leave Turner Brook at 0820 hr and
proceed south for 14 km (8.7 mi); turn
left onto Highway 227 and travel 20 km
{12.4 mi); turn right onto side road and
travel north for 8 km (5.0 mi); arrive
at Margaretsville at 0850 hr,

Introduction:

The Margaretsville delta covers 3 km (1.9
mi) of shoreline between Margsretsville and Port
George (Fig. 26). It was described by Hickox
(1962} whose work we will largely draw on for
this stop description. A surficial geslogy mep
of the area shows & large area of  ice contact
stratified drift over the delta front (Fig. 26).
The delta was fed by two meltwater channels that
presently  harbour northward flowing misfit
streams. These channels end abruptly in a




30 Symposium Field Trip Guidebook

V-shaped notch that cuts southward through the
North Mountain to Jjoin the Annapolis River.
Hickox proposed that advancing ice dammed the
Annapolis valley forming a proglacial lske. This
explains the lacustrine deposits in the valley.
When the lake reached an elevation of 82 m (270
f£), the height of the drainage divide, meltwaler
spilled across the North Mountain and deposited
the delta. Delta deposition occurrsd when
RSL was 45 m (150 ft) higher than today. The ice
to override the
MachNeill {in

then  thickensd mountain,
depositing kames upon retreat.
Prest et al,, 1972) proposed a late westward flow
in the Annapolis Valley. This ice may have
surged over the North Mountain, Fligure 27 shows
the stages of formation of the delta according to

Hickox.
Site Description:

The first exposurs we will see is a pit cut
into a kame. This is part of a kame field that

rests directly on the delta surface. The kame

exhibits chastic cut and fill structures, a wide

Figure 23.

range of grain sizes between beds, and marginal
slumping of beds. The delta front is exposed in
cliffs 33 m (110 ft) high below the kames. The
front consists primarily of sand foresets dipping
5-20° seaward.

DAY 3 - MAINE {JULY 72)
INTRODUCT LN

Pleistocens glaciation was the last major
geological occurrence to leave an  impact on
Although wmany glaciations probably

t

he Pleistocens,

Maine.
ooccurved in New England during
there 1is clear evidence for only the Late
Wisconsinan glaciation in the coastal zone.

Within the area of the field trip (Fig. 1)
the oldest radiccarbon dated material is ssawsed
from the Pond Ridge moraine dated abt 13,320 yr
B.P. by Stuiver and Borns {1973). This moraine
{Fig. 2), which contains interbedded till and
marine ssediment, marks a significant grounding

Photo of oysters (Crassostres virginice) found near Wolfville dated at 3800 yr B.P,
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A BAY OF FUNDY

Harbourvil

Figure 24. Llocation and surficial
geology of furner
Brook (Day 2, Stop 1

from Hickox, 1962

line position for a retreating, marine-based ice
sheet in the Gulf of Maine. Similar stratified
moraines occur elsewhere in coastal Meine and are
orominent  features on he  State Surficial
Geologic Mep (Thompson and Borns, 198%).  Since
these features cross most of the embaymenis of
the present coast, they =aiso exercise an
;n;@rfafﬁ role in the evolution of the 5tate's
estuaries by blocking embayments and providing

sediment through erosion.

u‘;

Following and ocontemporansous with rebr

C e
of the ice, a marine submergence extended across

the isostatically (Fig. 28).
Glaciomarin rd extent of
submergence aciomarine
mud, the Presumpscot tior ioom, 1963}, is
common  within  thi : : {Fic 93, The

resumpscol interbedded
sand and oft-sediment
deformation T ice~proximal)
and more massive mud with dropstones {ice-distal)
iht@uqh@ui a typical exposure. ye8ils  are

iocally common within the Presumpscot formaiion

and dates range 13,000 - 11,500 yr B.P.

An erosional unconformity marks the top of

the Presumpscot formation., It was subjecled to

p

gullving and subaerial wealthering during the

reqress: followed its

deposition

{(Fig. 29). In the upper Kennebec River valley,
sand deposits overlying this unconformily are

I

termed the Embden Formation {(Borns and Hager,

19657, Although sand 1is common above the

Presumpscot  Formation, ©bog deposits may be

observed as well. As vyet, the Embden ?oz3at§sn
o

has not been mapped outside of its type localilty.

While regressive shorelines are preseni on
the front of deltas, remarkably few such features
e that

and few shorelines

have be

mapped., 1t is possibl
dropped i
served, i ihuugh the ilmin@ i3 unce
appears
at a present .U/th of 5 m {235 i) ar

9B86a). Most evidence is from seismic
profiles  run  offshore  across a2

The landscape that wes Lransgressed by the
most recent rise of sea level in b was very

1 )
uniike that which existed along the barrier

d
nortions of ithe sast
q )

ne drainage was
alacial bedrock vallevs which entered coastal
J b

embayments were Tilled with Lill and gla

The fluvially carved embays
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= Trace of Hidge Crest

often blocked by moraines that similarly impeded
drainage, and bogs
the immature terrane.

Bar Island, Jonesport

Leaders: J. T. Kelley and A, R. Kelley

Purpose: To examine the Quaternary stratigraphic
section in an ’ideal’ exposure on the
ercding coast

Route: Leay as at 0800 hr snd proceec

southwestward along U.5. Route 1 for 12

km (7.5 mi);

187

Figure Z%. Photograph of

V..
I}

the Turnper
Brook

trees, B
- openwork
rounded gravel

in besach cut.

turn south on U.S5. Route

for 17 km (6.8 mwi):; arrive at

Popplestone Beach at 0820 hr.

Introduction:

Changing
Gu
logies present in
Jones

8ay Gabbro

connecting Bar Islaend to the mainland.

iag with
moraine

times.

some  sand

which

environmental c¢onditions in  the

aternary are reflected in a variety of litho-

the stratigraphic column in

port {(Fig. 29). Local bedrock, the Pleasant

overlain by till
A boulder

remains of the

{Deyonian), is

is all that
was a peninsula within historic




Directly overlying the till is & well
laminated series of sand, mud and grganic-rich
tayers (Fig. 29). This 1is the basal, ice-
proximal facles of the pPresumpscot Formation.
The sand layers presumably represent seasonal
associated with ice

pigh energy conditions

melting. The mud and organic layers may have
formed by sedimentation beneath an ice~-covered

water surface.

Above the well laminated wunit is a more
massive mud deposit containing numerous drop-
stones (Fig. 29). This probably was deposited
during & time when the ice had retreated
considerably (ice-distal). Blocks of till that
were deposited from icebergs are oceasionally

geen in this unit,

& discolored unit of sand and cobbles is
present {arrows) et the top of the Presumpscot
Formation. This is interpreted as an erosional
unconformity resulting from the early Holocene
sea level regression. yWhen buried by Holocene
mud offshore, the unconformity surface is =
strong acoustic reflector on seismic reflesction

records {¥nebel and Scanlon, 1985).

The & m {13 ft) high pluff in the Jonesport
area is capped by a terresirial peat deposit.
This formed in a depression associated with the
The sand at
the very top of the bluff is fill associated with

moraine which has long ago eroded.

poorly-sited house construction.

Stop 3-2. Tracy Lorner
Leader: J. T. Kelley, A, R. Kelley

Purpose: o examine & cross-section  of 2

stratified moraine

Route: Leave Stop 1 at 0930 hr; follow Route
187 for 15 km (9.3 mi; to Tracy Corner;
travel 2 km (1.2 mi) north of Tracy

Corner in gravel pit; arrive at 0945 hr.
Introduction:

The Tracy Corner moraine marks one of the
many ice-tecessional positions inland from the
present coast (Fig. 30). In plan view {(Fig., 31
a,b) the moraine is asymmetric with =a steep,
rocky ice-proximal slope (left in Fig. 5a) and a
ice-distal side, The
moraine has about 15 m {49 fi) of relief, and an

gentle, boulder-free
active gravel pit affords a cross-sectional view
of the moraine (Fig. 31b).

Several sedimentary units are well exposed
in the gravel pit. A muddy gravel interpreted as
t111 is well exposed in most walls of the pit,
Near the distal side of the pit this unit over-
rides {arrow, Fig. 31b) folded, stretified sand
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Figure 26. Location and surficial geology

of Stop 2 of Day 2 (from Hickox, 1962)
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Figure 27.

Stages in the
evolution  of the
Margaretsville del-
ta, 1 - ice in the
Annapolis Yalley
dams a lake which
drains northward
through a notch and
the Victoria VYale; a
delta is formed
where the meltwater
enters the ocean at
a relative sea level
of 40 m, 2 - ice
advances over delts
and deposits kames,
3 - present day.
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Photograph  of  eroding

outerop  at

Figure 29.

Jonesport, Maine showing fuaternary
stratigraphic column. A - 7ill, B -
Presum

Peat,

pscot Formation, C - Holocens

and gravel beds. These beds become finer grained
in a short seaward direction and numerous faulis
visible in the
Blocks of
till and large boulders commonly appear as ice-
stratified sediment. The
partly
relatively well sorted sand and gravel apparently

and water-escape structures are
most ice-distal exposures of the pit.

rafied material in the

top of the wmoraine is covered by

reworked from underlying deposits.

This exposure has been interpreted as sub-
agueous oubwash deposits  interfingering with
till, The fold in the stratified sediment was
apparently caused by a wminor advance of the lice
over its oubwash deposits, The uppermost unit
formed

probably represents shoreline deposits

ing the late Pl

eistocene regression of the

Stops 3-3. Pineo Hidge Delta

teaders: J. T. Kellsy, A, R, Kelley

To examine the geomorphology of a largs,
glacio-marine della

Leave Tracy Cornsr 1030 hr; proceed 2 km

(1.2 mi) north

west 4 Jm (2.5

Columbia and proceed 4 km (2.5 mi)

travel west on side rosd for 3 km (
¥

to Route 1 and travel
; L

i)y arrive at 1045 hr

k]

Introduction:

in  southern Maine emerg ice-marginal

dpltas are scatbered throughout Ithe area of
n

maring submergence. Most are concentrated in
close proximity to the former ice margin where
they received sediment-laden meliwater. ALl
formed at the local

viding the principal data for the construction of

RSL highstand thereby pro-
isolines of emergence (Fig. 123
Stone, 1899;
1983; Miller,

postglacial
Crossen, 1984; Thompson, et al.,
19865,

Pineo Ridge {?igse 2, 32) is an emerged
ice-contact delta complex {Borns and Hughes,
1977: Miller, ?986; approximately 85 m (279 fi)
above present sea level which formed 13,000 -
12,500 yr B.P.

Miller {19B&) has
timing of deposition of glacial features near
Ridge in terms of sea level

recently interprsted the
Pineo change
{Fig. 23).
were deposited beneath ses level and are the

The coasstal moraines visited earlier
oldest Quaternary deposits in the area. As the
ice margin reireated into the area of Pineo

Ridge, its orientation was controlled by bedrock

pinning points and as & vtesult the latest
moraines are almost orthogonal to  earlier
moraines. At Pineo Ridge, ice beceme grounded

and deposilted a
{Fig. 33} at the marine limit (approximately
80 mg; 262 ft).
stationary for a bime st this elevation because s
prominent shoreline was cut into the front of
both the delta and
shoreline, seen at Last Base,
nearly 100 km to the northeast.

substantial moraine-delta complex

Sea level may have remained

the moraine (Fig. 33). The
continues for




