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Radiocarbon dates, continuous seismic reflection lines, echograms, bottom sediments, and 
surface topography are used to establish the geomorphological development and post-Pleisto- 
cene sea level changes in Northumberland Strait. The oldest recognizable topography is a 
pre-Pleistocene drainage system eroded into the bedrock. During the post-Pleistocene 
marine transgression four terraces were formed. Their ages and spatial distribution reflect 
the combined effect of postglacial sea level changes and crustal movement. After glacial with- 
drawal the strait was occupied by two estuaries separated by an isthmus. In the west, the sea 
initially covered much of the present land which had not yet recovered from glacial depression. 
Between about 13 000 and 7088 years B.P. glacial rebound caused temporary regression of the 
shoreline until rise in sea level again became the dominant force. In the east, rise in sea level 
always kept pace with any rebound, and has gradually enlarged and deepened the submerged 
area; Northumberland Strait became a continuous body of water about 5000 years B.P. when 
the isthmus to Prince Edward Island was breached. Comparison with sea level curves from 
other areas of the world indicate that Northumberland Strait has been subsiding during the 
last 7000 years. The rate of subsidence appears to have been greater in the western part of the 
strait than in the eastern. It is suggested that this part of the Maritime Provinces lies between 
areas of positive and negative crustal movement. 

Le dCveloppement gComorphologique du Pas de Northumberland et les variation post-PlCisto- 
ckne du niveau de la mer dans cette rCgion ont CtC Ctablis aux moyens de dates au radiocarbone, 
de profils continus de riflection seismique, d'Cchogrammes, et d'etudes des saiments du fond et 
de la topographie de surface. La plus ancienne topographie que l'on puisse reconnaitre est un 
systkme de drainage prC-PlCistockne, incis dans la roche de fond. Pendant la transgression marine 
post-PlCistocbne, quatre terrasses ont CtC formks. Leur 5ge et leur distribution dans l'espace 
tCmoignent de l'effet combink d'une variation eustatique post-glaciaire et de mouvements de la 
croQte. Aprks le retrait des glaces, le pas fut occupC par deux estuaires, sCparCs par un isthme. 
A l'ouest, la majeure partie du terrain actuel, n'ayant pas encore rtcupCrC de son abaissement 
sous le poids des glaces, Ctait ennoyCe sous la mer. Entre environ 13 000 et 7000 ans B.P., le 
reMvement isostatique provoqua le retrait temporaire de la mer, jusqu'h ce que la montee eusta- 
tique des eaux redevint le facteur prkdominant. A l'est, la montCe du niveau de la mer s'est tou- 
jours maintenue au pas avec tout relkvement isostatique et graduellement a permis un Clargisse- 
ment et un aprofondissement des rdgions submergkes. Le Pas de Northumberland est devenu un 
Ctendu d'eau continu vers 5000 ans B.P., au moment oh l'isthme menant h l'ile du Prince-Edouard 
fut CbrkchC. Des comparaisons des courbes eustatiques avec celles venant d'autres rCgions du 
monde indiquent que le Pas de Northumberland s'est enfoncC depuis les derniers 7000 ans. Le 
t am  d'enfoncement semble avoir CtC plus grand dans la partie ouest du pas. I1 est suggCrC ici que 
cette partie des Provinces Maritimes se situe h la charnikre de regions oh le mouvement de la 
croQte est d'une part positif et d'autre part nCgatif. 

Introduction 
Northumberland Strait separates Prince Ed- 

ward Island from New Brunswick and Nova 
Scotia (Fig. 1). Average water depths in the 
central and western parts of the strait range 
from 10 to 20 m. The eastern part between 
Cape Breton and Nova Scotia is deeper with 
water depths usually over 30 m. 

The New Brunswick, Prince Edward Island, 

and Nova Scotia coasts as far as Meri omish 
Island are underlain by soft Permo - Ckrbon- 
iferous rocks of the New Brunswick low- 
lands. Folded and faulted Lower Carbonifer- 
ous and older rocks of the Antigonish and 
Cape Breton Highlands lie to the east of the 
strait (Weeks 1963). According to Johnson 
( 1925) the strait was formed by the pre-glacial 
erosion of weak layers within the broad north- 
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FIG. 1. Index, geographical locations, and bathyrnetry. 

ward dipping syncline which forms the southern 
Gulf of St. Lawrence. The more resistant cuesta 
upland of Prince Edward Island was separated 
from the mainland by marine submergence. At 
the present time drowned river valleys form 
numerous bays and inlets along the coast. 

This paper discusses the geological events 
and processes that produced the present-day 
configuration of Northumberland Strait and 
provides some new information on the regional 
post-glacial history. The study is based on echo- 
grams, continuous seismic reflection profiles, 
textural and radiocarbon analysis of bottom 
samples (Fig. 2 ) ,  as well as on known informa- 
tion of the late glacial history of the adjacent 
land areas. Bottom samples were obtained with 
a Van Veen sampler and a standard piston 
corer. Echograms were made with a Kelvin 
Hughes 26 B echosounder. Signal characteris- 
tics and penetration on the echograms were also 
used to study the stratigraphic relationship be- 
tween the uppermost sediment units. Con- 
tinuous seismic profiles obtained with a 160 
joule Huntcc Model 2A 'Hydrosonde' provided 
information on subsurface deposits and bed- 
rock. 

Surficial Sediments 
The Quaternary deposits consist of glacial 

sediments, residual sand and gravel, and post- 
glacial sediments (Kranck 197 1 ). 

Glacial till is the oldest sediment. It rests on 
the bedrock either as a continuous cover over 
large areas or as small irregular patches. Pro- 
glacial sediments are associated with and usually 
overlie the till. In some places these have a 
compact structureless appearance and in other 
places they are well stratified with prominent 
topset and foreset beds. They were probably 
deposited as deltas or valley trains when the 
sea encroached on the melting ice front. At the 
present time the glacial sediments are mostly 
confined to low lying areas and channels in the 
bedrock. 

Above a certain depth, which varies from 
one part of the strait to another, the glacial 
sediments have been modified by marine action 
during lower stands of sea level. In water depths 
shallower than the lowest post-glacial sea level, 
the bedrock in most places is covered by a thin 
veneer of residual sand and gravel. This is a 
lag deposit remaining after the marine trans- 
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KRANCK: GEOMORPHOLOGICAL DEVELOPMENT 

FIG. 3 .  Bedrock contours and ancient drainage channels. Echograms and regional topog- 
raphy were used as a guide in contouring between seismic lines. 

gression reworked and eroded the glacial sedi- 
ments and bedrock. 

The youngest sediments in Northumberland 
Strait are post-glacial marine sediments. These 
vary in composition from fine mud to medium 
sand. They have been deposited since the post- 
Pleistocene marine submergence of the strait 
and their present distribution is controlled by 
the tidal current distribution (Kranck, in press). 

Preglacial Drainage 
The bedrock surface produces a distinct re- 

flection on the seismic profiles. The dominant 
feature of the bedrock topography is the system 
of channels and valleys of an ancient drainage 
system (Fig. 3 ) .  Most of these channels can be 
matched to drowned river valleys along the 
coast and thence to the present terrestrial drain- 
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age. The troughs and depressions in the bottom 
topography are exposed portions of this drowned 
drainage system. 

The longitudinal gradient of the channels 
indicates that two rivers flowed in opposite di- 
rections parallel to the length of the strait with 
a drainage divide across Abegweith Strait. The 
west flowing river was joined by rivers from 
the New Brunswick lowlands and the adjacent 
portion of Prince Edward Island. It crossed the 
Magdalen Shelf and flowed into the Laurentian 
Channel (Loring and Nota 1966). The east- 
ward flowing river also had a well developed 
system of tributaries. Near the Cape Breton 
coast the channels were controlled by faulting. 
However, because of the wide spacing of 
sparker profiles it is not possible to give an 
accurate portrayal of the complicated bedrock 
topography in this area. 

In St. George's Bay a river flowed southeast 
through the Strait of Canso and tributary val- 
leys can be traced from it to the rivers flowing 
out of the highlands around the bay. At the 
mouth of the bay the main channel appears to 
have been cut off by the northeast trending 
drainage pattern of Northumberland Strait. This 
was probably due to stream piracy. Goldthwait 
( 1924) believed that the drainage flow in the 
northwestern half of the Strait of Canso was 
towards the northwest and not as here suggested 
to the southeast. However, evidence based on 
bedrock contours shows a deepening of the 
river channel towards the northern entrance of 
the Strait of Canso. 

Between Pictou Island and the mainland the 
Pictou Channel cuts off a spur of bedrock. This 
valley does not appear to form part of the old 
river system. It may be a younger feature 
formed by glacial meltwater during a period 
when the westward drainage was blocked by 
ice. 

Only some general observations can be made 
about the age of this ancient drainage system. 
Several of the channels contain deposits of 
glacial till and pro-glacial sediments. This indi- 
cates that the system is at least in part pre- 
Wisconsin in age. The isolated depressions 
along some channels however suggest there 
was some overdeepening by glacial scouring. 
An example of this is an elongated basin under 
Abegweith Strait, which crosses the old drain- 
age divide. However, relatively little modifica- 

tion of the pre-glacial valleys resulted from 
glaciation. Apart from the surficial sediments 
described above no sediments younger than the 
Permo - Carboniferous bedrock have been 
found in Northumberland Strait to help estab- 
lish a maximum age for the river system. How- 
ever, the channels must postdate the formation 
of the uplifted peneplane exposed over much of 
Eastern Cape Breton for which Goldthwait 
(1924) suggested a Tertiary age. King and 
MacLean (1 971), on the basis of evidcnce 
from the Laurentian Channel and the Scotian 
Shelf suggest that the Carboniferous lowlands 
of Nova Scotia and the southern Gulf of St. 
Lawrence have passed through several fluvial 
erosional cycles since the Late Cretaceous. This 
would indicate a multiple age for the channel 
system of Northumberland Strait. 

Post-GIacial Marine Terraces 
The shallow, nearshore areas of the strait 

generally have a smooth featureless relief which 
is controlled by broad, nearly horizontal 
benches cut into the bedrock and glacial sedi- 
ments. These benches or planation surfaces are 
remarkably flat and continuous. They contrast 
with the inore uneven bedrock topography be- 
low the level of  lan nation. 

The benches iruncate both the bedrock layer- 
ing and structures in the pro-glacial sediments. 
Along the offshore edge of the benches a wedge 
of modern sediments often occurs, the slope of 
which increase seaward. The nearshore limit of 
the bench is marked by a nick point in the bed- 
rock profile which probably corresponds to an 
ancient beach line. Each planation surface 
covers a wide area and in some parts of the 
strait two or more planes occur at different 
levels. 

The bedrock benches are probably marine 
terraces formed during the post-glacial trans- 
gression of the sea. As sea level rose, terraces 
were cut into the soft Permo - Carboniferous 
rocks. Elevations were planed off at wave base 
and channels and depressions were partly filled 
with recent sediments. At the seaward end a 
shoreface deposit of modern sediment was de- 
posited. 

Five terrace levels can be recognized. Some 
of these occur throughout the strait but others 
are confined to relatively small areas (Fig. 4).  

Since marine erosion would destroy or 
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KRANCK: GEOMORPHOLOGICAL DEVELOPMENT 

FIG. 4. Distribution of marine terraces in Northumberland Strait. 

modify any older terraces, the terraces must 
become younger with decrease in depth. The 
terraces must therefore have been formed dur- 
ing the last post-glacial transgression of the sea. 
The terraces which can be traced from one 
seismic profile to another occur at roughly 
similar depths and over short distances must be 
roughly synchronous. From the spatial distri- 
bution of the terraces the physiographic de- 
velopment of the strait can be traced. 

The lowest terrace occurs at the northeastern 
end of the strait at a depth of 60 to 80 m. It is 
cut into homogeneous material of unknown 
composition and also into pro-glacial channel 
filling. Jt probably developed during the earliest 
invasion of the strait by the sea. There is no 
evidence of terracing at similar depths else- 
where. At this time most of the region was 
probably still covered by ice which limited the 
development of this feature. Its restricted occur- 
rence agrees with the pattern of ice withdrawal 
proposed by Prest and Grant (1969) whereby 
the ice disappeared first along a deep calving 
bay in the Cape Breton trough formed by an 
encroaching sea. 

The next terrace level occurs over much of 
the eastern half of the strait at a depth of 43 to 
52 m. In places off eastern Prince Edward 

Island a 20 km wide bench slopes gently to- 
wards the center of the strait. Marine erosion 
has had less effect on the more resistant folded 
rocks found along the Cape Breton and Cape 
George shores but even here the surficial sedi- 
ments have been removed and the bedrock 
rounded off. Evidence of marine planation be- 
tween 43 and 52 m is found as far west as the 
channel between South Point and Caribou 
Island. During the formation of terraces at this 
depth a large bay occupied the eastern end of 
the strait while the central area was probably 
dry. There are no terraces to indicate whether 
tho sea at this time had entered the western 
part of the strait. 

A relatively restricted but well developed ter- 
race occurs at 35 to 40 m at the western end 
of the strait and at 25 to 30 m in St. George's 
Bay. There is also some evidence of terracing 
between these levels elsewhere but the terrace 
surfaces are poorly developed. The 35' to 40 m 
terrace is the deepest terrace recognized in the 
western part of Northumberland Strait and 
probably represents the lowest stand of the 
transgressing sea in that area. 

The shallowest terrace occurs at 18 to 23 m 
and extends throughout most of Northumber- 
land Strait. Again marine erosion registered on 
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TABLE 1. Carbon-14 dates from Northumberland Strait area 
--- - - - - 

Depth (m) 
Age Latitude and 

(C-14 years B.P.) No.* Type of material in core watert total Longitude Reference 

miscellaneous shells 

peat 

miscellaneous shells 

oysters 

oysters 

miscellaneous shells 

peat 

peat 

oysters 

miscellaneous shells 

oysters 

oysters 

oysters 

miscellaneous shells 

miscellaneous shells 

miscellaneous shells 

miscellaneous shells 

10m above sea level 

8m above sea level 

this gaper$ 

McRoberts (1968) 

this gaper 

McRoberts (1968) 

this paper 

Medcof et al. 
(1965) & Medcof, 
personal comm. 

this paper 
Medcof et al. 
(1 965) 

this paper 

this paper 

Dyck and Fyles 
(1 963) 

Dyke and Fyles 
(1 963) 

*Same as in Fig. 5. 
tKefers to chart datum (Lowest Normal Tides, L.N.T.). 
$Ages in this paper analyzed by Geochrone Laboratories lnc. 

the Cape Breton side only as a small notch 
while a well developed terrace was formed in 
the Cardigan Bay area. In the central portion 
of the strait the terrace is poorly developed 
probably due to the shorter fetch available for 
wave generation. However, a consistent sedi- 
ment and bedrock subsurface can still be traced. 
By the time of formation of this terrace most 
of Northumberland Strait was flooded. Deep 
embayments occupied both ends of the strait. 

Between Cape Torrnentine and Cape Egmont 
there is an area of uneven topography with no 
cvidence of terracing below 18 m. The bottom 

below 18 m forms an elongate enclosed basin 
without any connection through the bedrock to 
the adjacent deep areas. It is probable that until 
the sea rose to 18 m below present sea level this 
depression was a lake with an isthmus at either 
end connecting Prince Edward Island to New 
Brunswick. The name Lake Tormentine is sug- 
gested for this early Maritimes scenic spot. 

Around much of the strait there is topogra- 
phical evidence for a terrace level shallower 
than the 18 to 23 m level. This surface may be 
related to the present sea level or it may repre- 
sent thc time when the strait first became one 
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KRANCK: GEOMORPHOLOGICAL DEVELOPMENT 

Thousoods of years B P 

FIG. 5.  Relationship between Carbon-14 dates and depth. Included are three sea level curves 
based on the work of Shepard and Curray (1967) from stable areas around the world, Milliman 
and Emery (1968) from the Atlantic Continental Shelf of the U.S., and Grant (1978) from the 
Maritime Provinces. 

body of water. The isthmus across to Prince 
Edward Island was breached first from the 
western side when sea level was 18 m below 
present. As the sea continued to rise the strait 
opened up to the east when sea level was 15 rn 
below its present level. When the sea entered 
Lake Tormentine the sill was too high for the 
bottom sediment to be reworked in the wave 
zone. 

Radiocarbon Age Determinations 
Several of the sediment cores collected from 

Northumberland Strait contained organic mat- 
ter suitable for Carbon-14 dating. Results of 
these analyses and published ages from other 
studies were used to establish an absolute time 
scale for the post-glacial events in the strait. 

The dates in Table 1 are based on three types 
of material: oysters (Crossostera virginica) , 
salt marsh peat, and miscellaneous shell mate- 
rial. The salt marsh peat must have been 
formed close to sea level. Oysters can live in 
relatively deep water but are usually only 
abundant in shallow water (Younge 1960 and 
Galtsoff and Luce 1930). The peat and oysters 
can therefore be considered approximately as 
sea level indicators. The other samples consisted 
of broken shells from species with a large depth 
range. Their present position is only an indica- 
tion of minimum sea level at the time of their 
formation. The exception to this is sample 13 
which consisted of whole shells of Astarte un- 

dzrlata and Arctica islandica and occurred be- 
tween a gravel layer and well sorted sand. It is 
not unreasonable to assume that this sample 
was deposited in a shore zone and can be used 
as a sea level indicator. 

The sea level indicators decrease in age with 
decreasing depth (Fig. 5).  Between 0 to 5000 
years the dates lie below the curves of Shepard 
and Curray ( 1967) and Milliman and Emery 
(1 968) but agree with Grant (1 970). The curve 
of Shepard and Curray measures the world 
wide eustatic sea level rise. The younger dates 
from Northumberland Strait indicate that in ad- 
dition to eustatic sea level rise crustal subsidence 
of the land has taken place. A similar move- 
ment has also been described by Grant for the 
Bay of Fundy and the Atlantic coast of Nova 
Scotia and for more southerly areas of the 
Atlantic Shelf by Redfield ( 1967), Emery and 
Garrison ( 1967), Newman and March ( 1968), 
and others. 

The older sea level indicators, as well as 
samples 12 and 13, suggest a slower rate of 
sea level rise than the sea level curves (Fig. 6) .  
The relatively shallow depths of the oldest 
samples ( 12 and 13) suggest that they may be 
related to a period of post-glacial rebound, 
evidenced by raised beaches on the western end 
of Prince Edward Island, dated at 12 400 and 
12 600 years B.P. (Dyck and Fyles 1963, 
1964). 

All the samples of miscellaneous shell mate- 
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FIG. 6. Ancient sea levels. A. Carbon-14 dates and geographical location of shoreline based 
on marine terraces. The marine limit from the Glacial Map of Canada (Prest ef nl. 1968) is 
included synchronous with the 60-79 m sea level: €3. [nformation from A projected onto a vertical 
E-W plane. Diagonal lines represent the approximate position and age of the marine limits. 

rial other than samples 12 and 13 lie well below 
the sea level indicators. These shells were asso- 
ciated with fine sediments and were probably 
deposited in deep water some distance from 
shore. 

Post-Glacial Changes in Sea Level 
The younger marine terraces and radiocarbon 

dates in Fig. 6 are close to the same depth and 

are represented by a marine limit roughly 
parallel to present sea level. A rate of sea level 
rise based on these younger sea level indicators 
puts an age of 5000 to 5500 years for the 18 
to 33 m marine terrace. Correlation of other 
terraces and events with older dates is more 
difficult and tentative. 

The oldest feature in the eastern end of the 
strait is the terrace at 60 to 80 m below sea 
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level. In the western end of the strait the oldest 
feature is the series of raised beaches on Prince 
Edward Island (Owen 1949; Prest 1962). Both 
these features were formed while ice still 
covered the more central areas of Northumber- 
land Strait. Both also show a sharp tilt towards 
the west. The 60 to 80 m terrace and the raised 
beaches on Prince Edward Island are con- 
sidered to be roughly synchronous. The ages 
on Prince Edward Island give a date of about 
13 000 years to this earliest marine limit. 

Between the tilted old marine level and the 
nearly horizontal young sea levels, moderately 
warped transition levels probably occur. Evi- 
dence for these intermediate levels is the 10 590 
year date at 35 m and the decrease in the depth 
of the 43 to 52 m terrace westward. The three 
relatively younger dates around 7000 years 
form a level which is also tilted upwards to the 
west. An intermediate level formed by the two 
35 to 40 and 25 to 30 m terraces at opposite 
ends of the strait are probably synchronous and 
were formed about 7000 years ago. 

The marine terraces are not consistently de- 
veloped everywhere because of a combination 
of circumstances, which include a cover of ice, 
erosion, and water too deep or too shallow for 
sea level to register as a terrace. 

Between deglaciation and 10 000 years B.P. 
all of the western part of the strait and much 
surrounding land was under water. After this 
time the rate of rebound was greater than the 
rate of sea level rise and sea level fell to 35 to 
40 m. During the last 8 to 9 thousand years 
sea level rose and fell twice over large areas 
and formed a flat featureless bottom with a thin 
veneer of well sorted sand and gravel. These 
fluctuations in sea level probably explain why 
individual terraces are hard to identify in the 
western part of the strait. 

In the central area the older terraces were 
eroded by the sea during recent sea level stands. 
When terraces of intermediate age were formed 
elsewhere this area was land. It is difficult to 
say when the sea first entered the area; the 
topography and sediments of the Abegweith 
Strait - Lake Tormentine area indicate that the 
sea did not enter here until sea level was about 
18 m below present. During the development 
of the 60 to 80 m terrace, and possibly later, 
ice must have shut out the sea from much of the 
central strait. However in the area south of 
Hillsborough Bay an erosional surface occurs 

within the post-glacial sediments filling old river 
channels, indicating a period of early submer- 
gence separated from the latest submergence 
by a period of terrestrial erosion. 

The eastern portion of the strait has been 
continuously submerged and a series of well 
developed terraces have formed. 

At the present time the rise in sea level and 
the rapid erosion of the soft Permo - Carbon- 
iferous rocks are continuing. Forward (1 960) 
found that the cliffs along the southwestern 
shore of Prince Edward Island were retreating 
at a maximum rate of 1 m per year. Frankel 
and Crow1 (1 96 1) dated submerged tree stumps 
from near South Point and estimated 2 to 3 m 
of submergence during the last 900 years. Tide 
gauge records show an increase in average sea 
level of more than 25 cm per century (Far- 
quharson 1 959). 

Summary and Discussion 
Northumberland Strait is the result of pro- 

cesses which began before the Pleistocene and 
are continuing today. Formation of the lowland 
occupied by the strait was initiated by pre- 
Pleistocene fluvial erosion. Two rivers fed by 
a well developed system of tributaries formed 
a rough surface with numerous valleys and 
ridges. 

The post-glacial history of Northumberland 
Strait depended on a complex interplay between 
glacial rebound and submergence. The relative 
sea level stands shown in Fig. 6 should be 
regarded as approximate and are included only 
to illustrate a general trend. However some 
observations may be made concerning the post- 
glacial period as a whole. 

During early post-glacial time, between 
13 000 and 7000 B.P. rebound in the west was 
faster than isostatic rise of sea level. In the 
east submergence was always greater than re- 
bound. The differential rebound between the 
east and the west was probably due to a thicker 
ice pack in the west which caused greater 
crustal depression. In Fig. 6 the 5000 year sea 
level is shown slightly tilted and the 3000 year 
sea level is drawn parallel to present day sea 
level. However, the angular differences involved 
are probably too small and the data too limited 
to allow any conclusions to be drawn concern- 
ing the time of termination of all differential 
movement. The picture is also complicated by 
the fact that crustal subsidence during the last 

C
an

. J
. E

ar
th

 S
ci

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

14
2.

17
7.

12
6.

52
 o

n 
08

/2
3/

19
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



844 CANADIAN JOURNAL OF EARTH SCIENCES. VOL. 9, 1972 

thousand years has caused a greater relative 
rise in sea level than is accounted for by the 
world wide rise in sea level. 

It appears that a period of crustal warping 
due to glacial rebound followed or overlapped 
with a subsequent period of crustal subsidence. 
The net effect of the two has resulted in tilting 
of the younger shoreline by a process of down- 
warping rather than upwarping of the land. 
This suggests that the Northumberland Strait 
may be on the edge of a region undergoing 
subsidence to compensate for post-glacial re- 
bound in the center of the continent (e.g.  New- 
man and March 1968). The area may straddle 
a fulcrum point separating a region of positive 
crustal movement from a region of negative 
crustal movement. 
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