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PREFACE 

Part of the Geological Survey's work in the field of marine geoscience is directed towards research on 
the surficial deposits of the continental margin. Such studies are important aids in delineating potential 
routes for offshore oil and gas pipelines to the mainland. 

This report describes the submarine surficial deposits of the eastern Gulf of Maine, Scotian Shelf and 
Grand Banks of Newfoundland. The surface of the bedrock of the continental shelf in these areas forms a 
submerged coastal plain that has been modified by subsequent glacial erosion, and is covered by a thin 
blanket of surficial deposits that formed during the Wisconsinan, the last glacial stage of the Pleistocene 
Epoch in North America. 

A Huntec deep-towed high-resolution seismic system was used in this study to provide stratigraphic 
information throughout the entire surficial section. Piston cores were collected in the glaciomarine 
formations, the core sediments were analyzed, correlated with the seismic stratigraphy, and dated by 
radiocarbon techniques. This approach has provided new insight into the nature of the glacial environment 
on the shelf. 

PREFACE 

R.A. Price 
Director General 

Geological Survey of Canada 

Une partie des travaux de la Commission geologique dans le domaine de la geologie marine porte sur 
l'etude des depots en surface de la marge continentale. Ces etudes aident enormement a delimiter Jes traces 
possibles des pipe-lines et des gazoducs en mer jusqu'au continent. 

Le present rapport decrit les depots en surfac_e sous-marins de la partie est du golfe du Maine, du 
plateau de Scotian et des Grands bancs de Terre-Neuve. Dans ces regions, la surface du socle de la plate­
forme continentale forme une plaine cotiere submergee, modifiee par une erosion glaciaire ulterieure, qui 
est couverte d'une mince couche de depots superficiels accumules au cours du Wisconsin, demier stade 
glaciaire du Pleitocene en Amerique du Nord. 

Un dispositif sismique Huntec a haute resolution, remorque en profondeur, a ete utilise pour obtenir 
des renseignements stratigraphiques sur !'ensemble de Ja section superficielle. Des echantillons ont ete 
pre!eves dans Jes formations glacio-marines au moyen d'une carotteuse a piston. Les carottes ont ete 
analysees et Jes donnees ont ete mises en correlation avec Ja stratigraphie etablie a J'aide des appareils 
sismiques; !'age des echantillons a ete determine par datation au radiocarbone. Cette methode a foumi de 
nouveaux renseignements sur Ja nature du milieu glaciaire sur la plate-forme. 

Le directeur general de la 
Commission geologique du Canada 

R.A. Price 
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WISCONSINAN GLACIATION OF THE ATLANTIC 
CONTINENTAL SHELF OF SOUTHEAST CANADA 

Abstract 

On th '! Scotian Shelf, eas/ern Gulf of Maine, and the Grand Banks of Newfoundland , the surficial 
succession occurs as a thin blanket (approximately 50m thick) across the submerged coastal plain surface, 
and is composed of five formations: Scotian Shelf Drift (glacial till), Emerald Silt ( glaciomarine), Sam bro 
Sand, LaHave Clay, and Sable Island Sand and Gravel. 

The Scotian Shelf Drift was derived from sub glacial meltoul debris from a neutral to negatively 
buoyant active ice shelf in direct contact with the seabed. Emerald Silt formed from subglacia l me/tout 
debris from a pinned but floating ice shelf. The debris is thought to have settled through a water column of 
variable thickness to form the conformable, rhythmically banded deposits which mimic a highly irregul ar 
substrate which is recognized over very broad areas. Horizontal migration of the ice-seabed contact 
(buoyancy line), induced by changes in ice thickness and changes in relative sea level, leads to the 
development of thick regional moraines (regional subglacial ice shelf moraines) interbedded with the 
glaciomarine deposits. Wedge-shaped till deposits (till tongues) are often formed at the distal side of the 
moraines through advance and subsequent retreat of the buoyancy line . The configuration of the seabed 
beneath an ice shelf is another important factor in the stratigraphic development of these marine deposits. 
We have used the Carey and Ahmad ice model as an aid in interpreting the seismostratigraphy of the 
surficial sediments on the continental shelf and integrated these studies with sample data to postulate the 
glacial history. This stratigraphy is correlated with the adjacent land area. 

In late Early Wisconsinan time the entire shelf was occupied by an ice sheet (the Scotian Shelf-Grand 
Banks advance). This wasted to an ice shelf which became buoyant in the deeper basins at about 46 OOO BP. 
At this time a till blanket with numerous discrete ridges (lift-off moraines) on its surface and associated 
glaciomarine sediment was deposited. During the period 46 OOO to 32 OOO BP the buoyancy lin e oscillated 
intermittently, resulting in the development of till tongues at the periphery of the banks and outer edge of the 
inner shelf which were intercalated with glaciomarine sediments in the basins. At the western end of the 
Scotian Shelf the ice may ha1·e receded along the Bay of Fundy re-entrant to deposit the Salmon River beds 
(38 OOO BP) north of Yarmouth . During the latter part of the Middle Wisconsinan and Late Wisconsinan 
(32 OOO to 16 OOO BP) the buoyancy line receded to the coastal areas excepl in the eastern Gulf of Ma ine 
where the ice shelf again grounded to deposit till in the areas peripheral to Georges Basin , the southern 
flank of Browns Bank, and the Fundian Moraine of Sewell Ridge. The youngest moraine(= 17 OOO BP) 
occurs on Trnxton Swell. Subsequently the buoyancy line receded to the coastal areas of Maine and New 
Brunswick, and the resulling glaciomarine deposits emerged through glacioisostatic rebound. Evidence 
for the Late Wisconsinan sea level, which we date within the range of 15 OOO to 14 500 BP, and for 1he Late 
Wisconsinan-Holocene transgression is well expressed along the entire shelf. 

Resume 

Sur le plateau de Scotian a/' est du golfe du Maine et des Grands bancs de Terre-Neuve, la succession 
des couches superficielles couvre en une mince couverture ( d' environ 50 m) la plaine cotiere submergee et 
se compose de cinq formations: moraine du plateau de Scotian (till glaciaire), till Emerald ( glaciomarin), 
sable Sambro , argile La Have et sable et gravier de !'fie de Sable . 

La moraine du plateau de Scotian s' estformee a partir de debris de fusion sous-glaciaire deposes par 
suite du contact direct d' une plate-forme active de glace d flottabilite de nulle d negative avec le fond 
oceanique. Le silt Emeralds' est formed partir de debris de fusion sous-glaciaire provenant d' une plate­
forme de glace fixee ma is fiottante. Les debris ont du se deposer au fond d' une masse d' eau de hauteur 
variable pour former Les depots concordants a zonage rythmique qui imite un substrat tres irregulier et que 
/'on observe sur de tres grandes erendues. Le deplacement horizontal du contact glace et fond oceanique 
(ligne de flottabilite) cause par des changements d' epaisseur de la glace et du niveau relatif de lamer a 
entrafne la formation d' epaisses moraines regionales (moraines regionales de fusion sous-glaciaire de 
plate-forme de glace flottanle) dans lesquelles s' intercalent des couches de depots glaciomarins . Des 



depots de till enforme de coin ( fangues de till) sontfrequents dans fa partie distafe des moraines par suite 
de f' avancee et du retrait subsequent de fa figne de flottabifite. La configuration du fond oceanique situe 
sous une pfate-forme de glaceflottante constitue un autrefacteur important pour exp fiqu er fa stratigraphie 
de ces depots marins. Le modefe g faciaire Carey et Ahmad a ete utilise pour interpreter fa stratigraphie 
sismique des sediments superficie fs du plateau continental; Les donnees resuftantes ant ete combinees aux 
donnees d' echantillonnage de fG1;on a etabfir f' hypothese de 1' histoire g fa ciaire. Cette stratigraphie est 
mise en correlation avec fes zones adjacentes. 

' I 
A la fin du Wisconsin inferieur, tout le plateau continental era it recouvert d' une cafotte g fa cia ire 

(1' avancee du plateau de Scotian et des Grands bancs) qui s' est transformee, vers 46 OOO BP, en une plate­
forme de glace jlottante dans fes bas sins profonds . A celle epoque, se sont deposes une couverture de till 
comportant a sa surface de nombreuses cretes bien definies (moraines sou fevees) et des sediments 
g fa ciomarins. Entre 46 OOO et 32 OOO BP, fa figne dejlottabilite a osci11e defar;on intermittente entra/nant 
fa formation de langues de ti11 a la peripherie des bancs et a fa Ii mite exterieure du plateau interieur, 
lesquelfes comportaient des intercalations de sediments g fa ciomarins dans fes bassins. A 1' extremite 
occidentale du plateau de Scotian, la glace peut avoir recufe le long de fa baie de Fundy contribuant au 
depot du lit de la riviere Salmon au nord du Yarmouth (38 OOO BP). Au cours de la.fin du Wisconsin moyen 
et du Wisconsin superieur (de 32 OOO a 16 OOO BP.), la figne de j/ottabilite a recufe jusqu' a fa cote , sauf 
dans la region orientate du golfe du Maine ou fa plate-forme de g fa ce jlottante s' est, une fois de plus, 
echoueeformant des depots de ti11 dans fes zones peripheriques du bassin Georges , fejlanc meridional du 
bane Browns et fa moraine Fundian de la crete Sewe11. La moraine fa plus recente (17 OOO BP) se trouve sur 
fa crete Truxton . La ligne de jl.ottabilite a par fa suite recufe jusqu' aux regions cotieres du Maine et du 
Nouveau-Brunswick; Les depots g faciomarin s qui en ant resulte sont attribuab fes au sou fevement 
g fa cioisostatique . Le plateau continental , tout au long de sa bordure, porte des indices revefant le niveau 
de lamer au Wisconsin superieur que l' on situe entre 15 OOO et 14 OOO BP ainsi que la transgression datant 
du Wisconsin superieur-H olocene. 

SUMMARY 

Areas of the eastern Gulf of Maine, Scotian Shelf 
and Grand Banks of Newfoundland were examined 
using the Huntec deep-towed, high-resolution , seismic 
system, together with piston cores, collected in the 
glaciomarine formations using the high resolution seis­
mic control for the selection of key si tes. Radiocarbon 
dates at several horizons in each core and sediment 
analyses were correlated with the seismic stratigraphy, 
together with regional surficial geological formations. 
This approach provided new insight into the nature of 
the glacial environment on the shelf, the relationship 
between the glaciomarine and glacial sediments, the 
depositional processes which Jed to the formation of 
these units , and the extent and age of glaciation of the 
shelf and its relationship to the glacial history of the 
mainland. The glaciomarine section appears to be com­
plete and represents a time interval from within the 
Early Wisconsinan to the last influence of floating ice 
on the shelf during Late Wisconsinan time. 

The major factors dominating the Late 
Pleistocene and Holocene geological evolution of the 
Scotian Shelf, and possibly that of the whole of the 
eastern Canadian shelf were: (!)the morphology of the 
bedrock surface which, to a large degree, was inherited 
from a former coastal plain environment, (2) the 
advance and retreat of the continental ice sheet and its 
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SOMMAIRE 

Les zones situees a !'est du golfe du Maine, du plateau conti­
nental de Scotian et des Grands bancs de Terre-Neuve ont ete 
etudiees par methode sismique (systeme Huntec haute resolution 
remorque a grande profondeur) et par prelevement de carottes 
(carottier a piston) dans des formations g lac io-marines dont les 
emplacements ont ete choisis par suite d'un controle sismique haute 
resolution. Les datations au Carbone radioactif de plusieurs hori­
zons presents dans chaque carotte et les resultats d'anal yses de 
sediments ont ete correles avec la stratigraphie sismique ainsi 
qu 'avec Jes formations geologiques superfi cielles regionales. Cette 
fa~on de proceder a permis d'obtenir des renseignements supple­
mentaires sur la nature du milieu glaciaire du plateau continental , 
sur les relations entre les sediments glac io-marins et glaciaires, sur 
les processus de depot qui ont entraine la formation de ces unites 
ainsi que sur l'etendue et !'age de la glaciation du plateau continen­
tal et sur le lien de cette glaciation avec l'hi stoire glaciaire du 
continent. Les renseignements relatifs aux depots glacio-marins 
semblent complets; ces depots remontent a un intervalle de temps se 
situant entre le debut du Wisconsin et l'epoque au cours de laquelle 
le plateau continental a subi Jes derniers effets de la g lace flottante, 
c 'est-a-dire la fin du Wisconsin. 

Les principaux faits qui ont marque, au cours de la fin du 
Pleistocene et au cours de !' Holocene, !'evolution geologique du 
plateau continental de Scotian, et peut-etre ce lle de tout le plateau 
continental de l'est du Canada, ont ete: ( 1) le modele de la surface 
de la roche en place qui est attribuable, dans une large mesure, a la 
presence d'une ancienne plaine cotiere, (2) l'avancee et le retrait de 
l' inlandsis dont la bordure etait en contact avec !'ocean, et (3) la 



boundary relationships with the ocean, and (3) the low 
stand of the Late Wisconsinan sea level at about 120 m 
and its subsequent transgression. 

Through the interpretation of the high resolution 
seismic reflection profiles of glaciomarine deposits and 
the employment of a model for a marine ice shelf 
(Carey and Ahmad, 1961), we have developed a con­
ceptual model regarding the mechanism of deposition 
of glacial and glaciomarine sediments. The most infor­
mative seismic reflection profiles are those that exhibit 
boundary relationships between the various sedimen­
tary facies and glacial features; specifically, (I) in an 
area of till tongues (wedge-shaped deposits of till inter­
bedded with glaciomarine sediments) which occur on 
the distal side of prominent moraines on the inner 
Scotian Shelf, (2) in an area of till occurrences, includ­
ing till tongues , on the periphery of the outer banks, 50 
to 75 km to the south of the moraine complex across 
Emerald Basin, and at the same seismostratigraphic 
horizon within the Emerald Silt as the till tongues , and 
(3) in an area of lift-off moraines (parallel ridges of 
till), which are of common occurrence on the surface of 
many of the till deposits. Studies of the seismic reflec­
tion profiles from these areas and the compilation of 
maps to define sediment distribution and depositional 
geometry not only serve as a source of ideas for deposi­
tional mechanisms and thoughts concerning the origin 
of these particular features, but they enable an evalua­
tion of the relevance of the Carey-Ahmad (1961) model 
to the offshore Wisconsinan environment of southeast 
Atlantic Canada. 

Using our conceptual model for the mechanism of 
deposition of glacial and glac iomarine sediments , and 
a chronological framework based on a study of the 
piston cores, the history of the area is divided into five 
stages. 

Stage l covers a period prior to approximately 
50 OOO to 46 OOO BP as indicated by extrapolation of 
the radiocarbon dates to the blanket till deposits at the 
base of the section. Based on the correlations with the 
general chronostratigraphy on land, as well as with the 
North Atlantic stratigraphy, stage l may have begun as 
early as 70 OOO BP. During stage 1, the shelf was 
covered by a dry-base continental ice sheet which prob­
ably extended to the shelf edge. This event, up to the 
time of recession, appears to have been dominantly 
erosional except for the possible deposition of a thin 
layer of basal till (Scotian Shelf Drift) at the base of the 
section overlying bedrock, and for subglacial deposi­
tion at the margin of the ice sheet, at the continental 
slope. 

The early recessional stage, stage 2, probably 
occurred at about 50 OOO to 45 OOO BP and represents 
the period of deposition of the uppermost part of the 
blanket till , the development of lift-off moraines at the 
top surface of this early till , and the deposition of very 
early glaciomarine sediment between the lift-off mor-

faible hauteur du niveau de lamer qui se situait a environ 120 ma la 
fin du Wisconsin et sa transgression subsequente. 

L'interpretation de profils de sismique reflexion haute resolu ­
tion de depots glacio-marins et !'utili sation d'un modele s'appli ­
quant a !'analyse d'une plate-forme de glace marine (Carey et 
Ahmad, 1961), nous a permis de mettre au point un modele theori­
que portant sur le mecanisme de depot des sed iments glaciaires et 
glacio-marins. Les profits de sismique reflexion qui fourn issent le 
plus de renseignements sont ceux qui portent sur !' intersection de 
divers facies sedimentaires et de formes de relief glaciai res qui se 
situent notamment: (I) dans une zone de langues de till (depots de 
till en forme de coin intercales dans des sed iments glacio-marins) 
observes dans la partie di stale des moraines proeminentes a I' inte­
rieur du plateau continental de Scotian, (2) dans une zone de till , 
langues de till y compris, situee a la peripherie des bancs exte­
rieurs , a une distance de 50 a 75 km vers le sud par rapport au 
complexe morainique traversant le bassin Emerald et correspon­
dant au meme horizon etabli par strat igraphie sismique dans le si lt 
Emerald que les langues de till, et (3) dans une zone de moraines 
soulevees (cretes paralleles de till), qui sont frequentes a la surface 
de nombreux depots de till. Non seu lement Jes analyses portant sur 
Jes profils de sismique reflexion de ces zones et la compilation de 
cartes pour determiner la distribution des sedi ments et la geometrie 
des depots servent-elles a etablir des hypotheses relatives aux 
mecanismes de depot et a l'origine des ces formes de relief particu­
lieres , mais encore, elles permettent egalement de fa ire une evalua­
tion de la pertinence du modele de Carey-Ahmad (196 1) en ce qui 
concerne le milieu existant au Wisconsin au large du sud-est de la 
cote atlantique du Canada. 

Si nous utilisons notre modele theorique portant sur le meca­
ni sme de depot des sediments glaciaires et glacio-marins , et sur un 
tableau chronologique etabli a partir de l'etude des carottes , l'his­
toire de cette region se subdivise en cinq phases. 

La premiere phase couvre une periode anterieure remontant a 
environ 50 000 a 46 OOO BP. , comme I' indique !'extrapolation des 
datations au carbone radioactif de depots de till de couverture situes 
a la base de la coupe etudiee. Si l'on se base sur les correlations 
etablies avec la chronostratigraphie generale du continent, ainsi 
qu'avec la stratigraphie de l'Atlantique nord, la premiere phase peut 
avoir commence des 70 OOO BP. Au cou:s de cette premiere phase, 
le plateau continental etait recouvert d'un inlandsis de glace so lide 
qui s'etendait probablement jusqu'a la bordure du plateau continen­
tal. Jusqu'a son recul, ce glacier semble avoir eu des effets princi­
palement erosifs, a !'exception du depot possib le d'une couche 
mince de till de fond (moraine du plateau continental de Scotian) a 
la base de la coupe surmontant la roche en place et d'un depot 
subglaciaire au pourtour de l' inlandsis se situant au talus continen­
tal. 

La deuxieme phase, qui correspond au premier recul du 
glacier, a probablement eu lieu entre 50 OOO et 45 OOO BP, ce qui 
co·incide avec la periode de depot de la partie superieure de la 
couche de till , la mise en place des moraines soulevees a la surface 
de ce till plus ancien et le depot de sediments glacio-marins entre 
les moraines soulevees. A cette epoq ue au cours de laquelle le 
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aines. At thi s time of early recessional deposition in the 
basins of the Scotian Shelf, deposition of glaciomarine 
sediment probably continued beyond the shelf edge, 
but the ice remained grounded on the bank areas. 
Limited biological activity in the basins was initiated 
during or immediately following this stage. 

Stage 3 represents the period between 45 OOO and 
32 OOO BP during deposition of Emerald Silt, fac ies A. 
During the early part of this stage, the recession 
reached a maximum . The Scotian Shelf moraine com­
plex was beginning to develop as a major feature and 
remained in contact with the ice shelf in accordance 
with our model throughout the period. The greater part 
of stage 3 , was characterized by minor surges and 
retreats of the buoyancy line. This oscillation resulted 
in the development of till tongues along the main 
moraine, as well as at the periphery of the outer banks. 
Glaciomarine deposition was continuous in the basins 
throughout this stage and was characterized by a con­
formable style and cyclical pattern of sed imentation. 
Sedimentation rates ranged from Im/ IOOOa for Emerald 
Silt to 4m/1000a for the till (Scotian Shelf Drift) with 
respective rates as high as JO and 30m/1000a over short 
periods. The fauna! abundance remained at a low but 
more or less constant level. It appears that the ice shelf 
maintained its integrity throughout the period, 
grounded as wet-base ice and depositing till over the 
banks for at least part of this stage, and as a floating, 
active ice shelf across the basins. 

Stage 4 represents a general retreat of the ice she! f 
fro m the central area of the continental shelf to the 
present land areas , except for one short advance, and 
covers the approximate period of 32 OOO to 16 OOO BP. 
It is represented by Emerald Silt, facies B. Early in this 
period open water conditions developed on the shelf 
proper, and bottom currents exercised a greater influ­
ence in the distribution of sediments and were responsi­
ble for the development of a widespread unconfor­
mity by approximately 32 OOO BP. Sedimentation 
rates in Emerald Basin decreased to approximately 
l.lm/ lOOOa. In general, the environment of the shelf 
proper evolved to one with a proglacial aspect, and the 
evidence for a strong ice influence suggests that the ice 
did not retreat far inland from the present coastline. 

In the Gulf of Maine and Bay of Fundy regions, 
events during the first half of stage 4 appear to be 
significantly different. A grounded ice shel f returned to 
this area by 31 000 BP to deposit the Fundian Moraine 
(3 1 OOO to 26 OOO BP) and till s to the south of thi s 
feature around the periphery of Georges Basi n and the 
northern flank of Northeast Channel adjacent to 
Browns Bank. Lift-off then advanced north to Truxton 
Swell. 

During the stage of final retreat (s tage 4 ), possibly 
as early as 30 OOO BP, the crust had more or less fully 
rebounded except for the influence of the remaining ice 
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glacier en recul laissait des depots dans les bassins du plateau 
continental de Scotian, des sediments glacio-marins ont probable­
ment continue a se deposer au-dela de la bordure du plateau 
continental bien que la glace so it restee fixee sur Jes bancs. Au cours 
de cette phase ou immediatement apres, une acti vite biologique 
limitee a pris naissance dans Jes bassins. 

La troisieme phase represente la periode se situant entre 
45 OOO et 32 OOO BP au cours de laq uelle s'est depos le silt Eme­
rald, facies A. Au cours de la premiere partie de cette phase, le recul 
devait prendre fin. Le complexe morainique du plateau continental 
de Scotian commern:;:ait a prendre de !'importance et restait relie au 
glacier conformement a notre modele qui s'applique a toute cette 
pfriode. La plus grande partie de la troi sieme phase se caractfrise 
par des avancees rapides et des retraits mineurs de la ligne de 
flottai son. Cette osci llation a entralne la formati on de langues de till 
le long de la moraine principale ainsi qu 'a la peripherie des bancs 
exterieurs. Tout au long de cette phase, les sed iments g lacio-marins 
se sont deposes dans les bassins en couches concordantes et cycli­
ques. Les vi tesses de sedimentation ont ete de I mJ 1000 ans pour le 
silt Emerald et 4 m/ 1000 ans pour le till de la moraine du plateau 
continental de Scotian avec des poussees de vi tesses respectives 
aussi elevees que 10 et 30 m/1000 ans. Le peuplement fauniq ue est 
demeure faible bien que plus ou moins constant. II semble que la 
pl ate-forme de g lace n'a pas subi de changements inherents au cours 
de cette periode, reposant sur le fond marin et deposant du till sur 
les bancs pendant au moins une partie de cette phase et fl ottant au­
dessus des bassins. 

La quatrieme phase correspond a un recul general de la plate­
forme de glace depuis le centre du plateau continental jusqu'aux 
regions continentales actuelles , a ]'exception d'une cou11e avancee; 
ce recul se situe approx imativement au cours de la periode com­
prise entre 32 OOO et 16 OOO BP. Elle est representee par le silt 
Emerald, facies B. Au debut de cette periode, des conditions 
propres a la pleine mer se sont formees sur le plateau continental et 
des courants de fond ont exerce une influence accrue sur la distribu­
tion des sediments et ont contribue a la mise en place des couches 
non concordantes sur une grande etendue vers 32 OOO BP environ. 
Les vitesses de sedimentation dans le bassin Emerald ont diminue 
pour atteindre environ I, I m/ 1000 ans. En general, le plateau 
continental a evolue en adoptant un relief proglaciaire et ii semble 
que la glace n'a pas recule tellement vers l'interieur des terres par 
rapport a la cote actuelle si !'on se reporte aux marques glac iaires 
observees. 

Au cours de la premiere moitie de la quatrieme phase, les 
regions du golfe du Maine et de la baie de Fundy semblent quanta 
elles avoir connu des evenements sensiblement differents. Vers 
31 OOO BP, une plate-forme de glace fixee recouvrait cette zone et y 
deposait la moraine Fundian (31 OOO a 25 500 BP) et des till s au sud 
de cette moraine autour du bassin George et du flanc septentrional 
du chenal nord-est adjacent au bane Browns. Des moraines sou­
levees se sont alors formees vers le nord en direction de la crete 
Truxton. 

Au cours du dernier recul de la quatrieme phase, peut-etre des 
30 OOO BP. , la croGte a subi un relevement plus ou moins complet, a 
!'exception des regions adjacentes OU subsistaient des restes de 



sheet on the adjacent land areas. A well defined sub­
marine terrace at a depth of 115 to 120 m on the Scotian 
Shelf and approximately 100 m on the Grand Banks of 
Newfoundland, occurs across large areas. This corre­
lates approximately in time and magnitude with the 
Late Wisconsinan maximum lowering of eustatic sea 
level. Its uniform depth of occurrence over such broad 
areas strongly suggests that glacio-isostatic rebound 
had fully recovered and stabilized before the low sea 
level stand was recorded ; otherwise, tilting and dif­
ferential warping would possibly be in evidence. 

Stage 5 (16 000 to 10 OOO BP) covers the period of 
lowest sea level, its subsequent transgression, and the 
disappearance of the ice influence in the offshore. 
Evidence for the low sea level stand and subsequent 
transgression is widespread. The trace of the terrace is 
indicated by the boundary between the Sambro Sand 
and Sable Island Sand and Gravel. 

This paper emphasizes the fact that ice margins , 
when dominated by ice shelves, re sult in broad 
regional synchronous deposits, not characteristic of 
short terminal events. Major glaciotectonic features and 
the limits of strong isostatic effects are probably more 
useful in defining ice sheet limits. 

INTRODUCTION 

glacier. Une terrasse sous-marine bien definie a une profondeur de 
115 a 120 m dans le plateau continental de Scotian et a environ 
100 m dans les Grands bancs de Terre-Neuve traversent de larges 
etendues. Des correlations approximatives de temps et d'ampleur 
du phenomene font correspondre cette terrasse avec l'abaissement 
maximal du niveau de la mer au Wisconsin superieur. La profon­
deur uniforme de la terrasse sur des etendues aussi grandes laissent 
supposer fortement que le relevement glacio-isostatique s'est !er­
mine avant l'abaissement du niveau de la mer; sinon ii serait 
possible d'observer des basculements et des pli ssements differen­
tiel s. 

La c inquieme phase (de 16 OOO a 10 OOO BP) correspond a la 
periode au cours de laquelle lamer a atteint son niveau le plus bas 
avant de donner lieu a une transgression et la glace a cesse de 
modifier le relief situe au large des cotes. Les traces indiquant le 
niveau inferieur de la mer et sa transgress ion subsequente sont 
largement repandues. La presence de la terrasse est revelee par la 
zone Ii mite separant le sable Sam bro et le sab le et le gravier de l' lle 
de Sable. 

Le present article met !'accent sur le fait que Jes marges 
glaciaires, lorsqu'elles sont composees surtout de glace flottante, 
entralnent la mise en place de depots synchrones sur une large 
echelle regionale, non compatible avec des evenements pro­
glaciaires de courte duree. L'analyse des principales formes de 
relief glacio-tectoniques et des limites d'effets isostatiques impor­
tants sont probablement plus utiles pour delimi ter Jes calottes 
g laciaires. 

In eastern Canada, during the Wisconsinan glaciation, 
the Laurentide ice sheet, and the local ice caps of the 
Appalachian region advanced and retreated several times. 
According to Dreimanis (1975) and others , the general pat­
tern of major glacial fluctuations in eastern Canada has led to 
a subdivision of the Wisconsinan glacial stage into three 
substages in the Great Lakes and Interior Plains regions. 
These are: Early Wisconsinan (approximately 120 OOO to 
65 OOO BP), Mid-Wisconsinan (65 OOO to 23 OOO BP), and 
Late Wisconsinan (23 OOO to 10 OOO BP). The chronology of 
events to 50 OOO BP was based on radiocarbon dating, but 
timing of the earlier substage boundaries was established by 
correlation of the observed stadials and interstadials with the 
major fluctuations in the oceanographic record. The most 
detailed classification including several stadials and inter­
stadials is best developed in the St. Lawrence-Lake Ontario­
Lake Erie-Lake Huron region. The ice marginal positions can 
be correlated with levels of proglacial lakes which were 
controlled by the opening and closing of the lake outlets by 
glacial retreats and advances. In the northeast portion of the 
region a correlation with sea level changes is also possible. 
Dreimanis ( 197 5) further suggested that east of the Great 
Lakes, the Mid-Wisconsinan retreats were either less pro­
nounced or even absent from the stratigraphic records, and 
the main interstadial (St. Pierre) is assigned to the Early 
Wisconsinan. 

According to Prest (1977) both interglacial and inter­
stadial deposits are known from Cape Breton Island and 
mainland Nova Scotia, but neither has been recognized from 
Newfoundland nor Prince Edward Island. The stratigraphy of 
eastern Canada pertains on ly to the last major glaciation with 
the exception of organic deposits that predate the last glacia­
tion reported from the Magdalen Islands and from the Eastern 
Townships. In Nova Scotia, organic deposits buried beneath 
one or more tills are widespread, and are generally beyond the 
range of radiocarbon dating. Pollen analyses from the organic 
deposits provide evidence of a warm interglacial environment 
and are tentatively referred to the Sangamon. The organic 
deposits indicate a cool climate and are tentatively referred to 
the St. Pierre Interstade, although they may in part represent 
very late Sangamon or earliest Wisconsinan time. Stea 
(1982a,b) described the Quaternary lithostratigraphy of cen­
tral Nova Scotia and found evidence for three nonglacial 
intervals , overlain and underlain by tills. The lowest organic 
bed in the sequence is exposed at East Milford, has a pollen 
signature indicating a climate as warm or warmer than today, 
and is believed to be of Sangamon age (Mott et al., 1982). 
Buried organic sites at Noel and Miller Creek have pollen 
signatures that indicate a climate cooler than today (Stea, 
1982a,b). These sites are all beyond the range of radiocarbon 
dating, but palynological evidence and correlation of till 
sheets suggest that the Miller Creek and Noel sites are youn­
ger than the "warm" organics at East Milford. and are 

5 



0-
-

1
0

· 
sa

· 

4
i 

l t
:J

 
V

\,J
 

T
H

E
 G

R
l'N

Q
 

9p
.N

\(
.S

 
~Q
 

O
F

 N
E

W
fO

U
N

Q
'-

1
' 

45
 

U
.S

.A
. 

64
 p. 
~ 

\,
 

p. 

si
 t 

~ 
\ 

c 
~
 

j
~
~
 

y 
I 

\{
\)

{!
, 

I 

1
-

41
 

I 

~ 
p. 
~ 

O
C

 

-
1

0
0

-
B

A
T

H
Y

N
IE

T
R

Y
,m

 
-

H
\l

N
T

E
C

 (
O

T
S

) 
TR

A
C

l<
.5

 

~
o
 

k
m

 



~ 

4
S

' 

4
3

'' 

--
..i

 

s2
· 

4
9'

 

so
 

4
8

' 

N
E

W
F

o
u

N
D

L
A

N
o

 

! 
~~ 
J
~
 

~
~
 

o~~
~ 

I 

$ 
/ 
~E

> G
o

 
>''

' 
~
 (

G
 

.,
A

N
O

 
u 

R
E

E
N

 
~'-

8 
o 

,_
 

JBANK~"
"'<" ~

 ANK
S

 
~ -
~
d
 

i§ 
(,

{v
<'

 
' 

V
 

O
F

v 
N

E
W

 

) 

:;t
 

---.
..oF

" ,y;
'. 

F
O

U
N

 

"
·
0

 ~
! '--'

 
: 

W
H

A
L

E
 
~d] 

."
 

L
_

jD
L

A
N

O
 

~ 
B

A
N

K
 

I 
$ 

-..
..:

 
0 

• 
u

.A
 

ST
. 

P
IE

R
R

E
 

B
A

N
K

 

G
R

A
N

D
 

B
A

N
K

 

"""
"-

S
O

U
T

H
E

A
S

T
 

I 
S

H
O

A
L

 

A
T

L
A

N
r
1

c
 

I 
O

C
E

A
N

 

4
6

' -
1

0
0

-
B

A
T

H
Y

M
E

T
R

Y
,m

 

-
-
-

H
 U

N
T

E
C

 
( D

T
S

) 
T

R
A

C
K

S
 

0 
so

 
1

0
0

 

k
m

 

F
ig

"'
e 

1. 
In

de
x 

m
•p

' 
fo

e 
th

e 
'1

ud
y 
"
"
 'h

o
w

in
g

 t
he

 e
eg

io
n,

/ 
d

i"
ci

b
u

li
o

n
 o

f 
H

uo
te

o 
d

ee
p

-t
o

w
ed

 <
ei

,m
io

 e
ef

le
ol

io
n 

PC
O

fil
e<

 U
<e

d 
in

 t
h

i,
 '1

u
d

y 
A

dd
it

io
n•

l •
ie

gu
n 

<
ei

'm
io

 e
ef

le
ol

io
n,

 e
oh

og
rn

m
 •

n
d

 "
m

p
/e

 o
on

te
o/

 f
oe

 t
h

e 
in

te
ep

ee
t•

li
on

 o
f 

th
e

 s
u

rt
ic

ia
l 

fo
rm

a
ti

o
n

s
 (

F
ig

. 
3)

 i
s 

n
o

t 
in

d
ic

a
te

d
. 

4
4

' 

B
 



tentatively correlated with the St. Pierre Interstade. Overlying 
these organic beds is a red, silty till formed by a regional 
southeast ice flow named the East Milford Till (Stea, 
1982a,b). Alteration of the East Milford Till and widespread 
rhythmite beds on top of it suggest a minor ice retreat before 
the final emplacement of several late Wisconsinan till sheets. 

Grant (1980, 1981) suggested that the Sangamon is 
represented by a widespread elevated wave cut platforn1 with 
associated littoral and fluvi al gravels that locally grade to 
organic beds. He further suggested (personal communica­
tion, 1984) that this interglacial period spans a long interval 
between 125 OOO and 75 OOO BP, which accordingly com­
presses the Early Wisconsinan substage. The best known 
Mid- Wisconsinan deposit occurs along the Salmon River in 
south western Nova Scotia (Grant, 1976; Nielsen, 1974) and is 
of glaciomarine origin and dated at 38 OOO BP, although this 
is somewhat in di spute (Grant, 1980). 

Glacial till is by far the most widespread of all the 
surficia l deposits in Nova Scotia. This ubiquitous layer can be 
subdivided on the basis of colour, direction and mode of 
transport, and its relationship to underlying local source 
rocks. Grant (1963 , 1972), on the basis of lithology, recog­
nized three distinctive till sheets on the Atlantic slope of 
mainland Nova Scotia; the composition, thickness and tex­
ture of which vary according to differences in the erodability 
of the local source rock. Rock fragments within the till are 
generally of local origin, but a distinct proportion (up to 
20% ), are derived from northern Nova Scotia and New Bruns­
wick. Till colour was influenced strongly by a source of 
bright red sediment from the Minas Basin and Bay of Fundy 
which at times contributed to the formation of local hybrid 
tills, but sometimes was transported over distances in excess 
of lOOkm, maintaining its distinctive red colour. Nielsen 
(1976) emphasized the importance of the source and mode of 
transport to explain variations in lithology and colour and 
recognized distinct basal, englacial, and ablation phases. 
More recently, Stea and Fowler (1979, 1981), Stea (1982C), 
and Stea and Grant (1982) used the above mentioned param­
eters , together with geochemical data, to produce a series of 
Quaternary lithostratigraphic maps covering much of main­
land Nova Scotia. 

The regional southeastward trend of ice- flow features 
(glacial striae, drumlins, eskers , and end moraines) across 
Maine, New Brunswick, southern Nova Scotia, and the Sco­
ti an Shelf, is well documented (Prest and Grant, 1969) and is 
be lieved by Grant ( 1980) to be of Early Wisconsinan age. 
Subsequently, a redirection of glacial flow from southward to 
westward and northerly toward the Bay of Fundy, is consi­
dered to be the result of drawdown as a consequence of 
marine invasion in the Fundy basin or the buildup of a 
separate ice cap (MacNeill and Purdy, 1951 ; Hickox , 1962). 
The southeastward flow pattern contributed to a generall y 
held concept of a regional radial flow of Lauren tide ice across 
the Maritime Provinces. The absence of the southeastward 
trends that might be expected from a major flow of Laurentide 
ice across the entire area of northern Nova Scotia, Cape 
Breton ls land, Prince Edward Is land and eastern New Bruns­
wick was attributed by Goldthwait (1924) to erasure by later 
ice influenced by drawdown to the Gulf of St. Lawrence. This 
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ice produced easterly flow patterns in Prince Edward lsland 
and for the most part northeastward patterns in Cape Breton. 
Stea and Finck (1984) believed, however, that the eastward 
flow patterns are related to the earliest flow event. Prest and 
Grant (1969) concluded that at the last glacial maximum the 
Maritime ice and the Laurentide ice were confluent, but the 
latter was not as influential in the region as was formerly 
assumed. The Laurentian Channel effectively served to draw 
down the Laurentide ice and allow its greatest influence, 
especially erosion in Newfoundland. ln the Maritime Provin­
ces the Laurentide ice was not as pronounced as it was toward 
the continental interior. but was locally influenced by an 
Appalachian ice complex. During the Late Wisconsinan 
recessional phase there were several active centres throughout 
the Maritimes. In the offshore area King and coworkers 
(King. 1970; MacLean and King, 1971; Drapeau and King, 
1972; MacLean et al., 1977; Fader et a l. , 1977; Fader, 1984 
and Fader et al., 1982) mapped the lithostratigraphy of the 
Scotian Shelf, eastern Gulf of Maine and Bay of Fundy, and 
the western Grand Banks of Newfoundland using acoustical 
data to define the boundaries of major formations and then 
qualified them in terms of their gross sedimentary charac­
teri stics using bottom samples. They mapped the distribution 
of glacial till, the occurrence of a submarine moraine com­
plex and associated glaciomarine deposits (King, 1969 ; King 
et al., 1972), and later formations associated with the decline 
of glaciation and an associated low sea level stand. They 
suggested that the end moraine complex was formed at the 
buoyancy line of an ice shelf. Evidence was not available to 
determine if it was formed during retreat of the ice from the 
edge of the continental shelf or if it represented a terminal 
position for the last advance on the shel f. 

A study by Alam and Piper (1977) and Alam et al. 
(1984) of cores from the tops of seamounts close to the 
continental shelf provided evidence of the earliest ice 
advances in the Atlantic region. The cores contained 
sequences of alternating clays and foram- nanno ooze repre­
senting glacial and interglacial events to the Pliocene. It was 
inferred that the Illinoian glaciation was most intense, and 
was associated with a strong influx of red sediment which 
indicated extensive erosion of the Gulf of St. Lawrence and 
Laurentian Channel. 

The mapping methods for the earli er offshore work 
included the use of echograms which provided stratigraphic 
information on muddy bottoms and the lithological character 
was interpreted from the echograms using an estimate of the 
degree of signal pulse stretch ing. Across the harder bottoms 
the airgun profiles provided the stratigraphic data, but the 
resolution was not sufficiently good to resolve the details of 
the Pleistocene-Holocene section. Since 1975 a Huntec deep­
tow high-resolution seismic system (DTS; see Hutchins et 
al., 1976) was employed which provides resolution to about 
0.25m and in most areas provides stratigraphic information 
throughout the entire surficial section. 

A number of the more interesting and critical areas of the 
shelf were re-examined on an opportunity basis using the 
DTS system, and piston cores were collected in the 
glaciomarine formations using the high resolution seismic 
control for the selection of key sites. Radiocarbon dates at 



several horizons in each core and sediment analyses were 
correlated with the seismic stratigraphy. This approach has 
provided new insight into the nature of the glacial environ­
ment on the shelf, the relationship between the glaciomarine 
and glacial sediments, the depositional processes which led 
to the formation of these units, and the extent and age of 
glaciation on the shelf and its relationship to the glacial 
history of the mainland. The glaciomarine section appears to 
be complete and represents a time interval from within the 
Early Wisconsinan to the last influence of floating ice on the 
shelf during Late Wisconsinan time. 

Field work in support of this study involved several 
cruises: Hudson 75- 009, 76-016, 77-011, 78-012, 79-011 , 
and 80-010. The Huntec DTS track plots used in this inter­
pretation are shown in Figure 1. 

OFFSHORE SURFICIAL SUCCESSION 

Regional setting 

This discussion draws on a large number of studies on 
the bedrock and surficial geology of the Scotian Shelf and the 
Grand Banks of Newfoundland which were summarized in 
King (1980). 

A diagrammatic cross-section of the surficial succession 
on the Scotian Shelf from an area south of Halifax across 
Emerald Basin and Emerald Bank is shown in Figure 2 and a 
surficial map showing the areal distribution of the formations 
is shown in Figure 3. Bedrock underlying the surficial 
lithostratigraphic units consists of Cambro-Ordovician meta­
sediments (Meguma Group) which continue offshore from 
mainland Nova Scotia and form the basement for a thick 
prism of Mesozoic-Cenozoic sediments filling the East Coast 
Geosyncline. The latter beds dip gently seaward and show a 
marked erosional unconformity with the surficial succession. 
The surface of the bedrock forms a submerged coastal plain 
which has subsequently been modified by glacial erosion. Its 
shape controls to a high degree the bathymetry of the present 
shelf. The surficial succession occurs as a thin blanket 
(approximately 50m thick) across the submerged coastal 
plain surface, and is comprised of five formations: Scotian 
Shelf Drift (glacial till), Emerald Silt (glaciomarine), Sambro 
Sand, LaHave Clay, and Sable Island Sand and Gravel. 

The major factors dominating the Late Pleistocene and 
Holocene geological evolution of the Scotian Shelf and possi­
bly that of the whole of the eastern Canadian shelf were: (1) 
the morphology of the bedrock surface which to a large 
degree was inherited from a former coastal plain environ­
ment, (2) the advance and retreat of the continental ice sheet 
and its boundary relationships with the ocean, and (3) the low 
stand of the Late Wisconsinan sea level at about I 20m and its 
subsequent transgression. 

The Scotian Shelf is a typical example of a formerly 
glaciated shelf characterized by a well defined, rough inner 
shelf which is an offshore continuation of the land area, an 
area of longitudinal and transverse depressions with adjacent 

isolated banks forming the central shelf, and a chain of large, 
shallow banks with intervening saddles along the outer edge 
of the shelf. The morphology of such shelves is often thought 
to have resulted from glacial scour, but a study of seismic 
reflection data indicates that the major landforms are bedrock 
controlled and represent cuestas and mesas with adjacent 
lowland areas developed to varying degrees of maturity on the 
bedrock surface. These landforms are typical of a coastal 
plain environment developed by subaerial erosion across 
gently dipping strata of variable lithology. In general, they 
bear little relation to glacial landforms. Cuesta development 
is most prominent on the outer banks of the Scotian Shelf and 
the mesas are dispersed as isolated banks throughout the 
lowlands of the central shelf. The longitudinal troughs, par­
ticularly well developed along the Labrador Shelf, are formed 
on relatively soft Mesozoic- Cenozoic strata. The troughs are 
parallel to the contact with the more resistant rocks of the 
inner shelf (submerged Piedmont province). The troughs gen­
erally coalesce with transverse depressions forming lowlands 
or basins. The troughs appear to be analogous to the lowland 
areas of the emerged coastal plain south of New Jersey where 
the rivers flowing off the Piedmont at the fall zone change 
course and run for some distance subparallel to the inner 
margin of the coastal plain before crossing it to the ocean. 

The coastal plain landforms are of Late Tertiary age but 
in some areas inheritance from earlier Tertiary erosional 
cycles influenced the development of the surface. Sub­
mergence of the coastal plain along the Canadian margin is 
probably a result of tectonic subsidence caused by thermal 
contraction and sediment loading of the crust following the 
opening of the North Atlantic Ocean. Sedimentation during 
much of the Quaternary probably was slow because of the 
cover provided by the continental ice sheet. Consequently, 
the pre- Pleistocene topography was not completely masked 
by subsequent sedimentation and its impression is commonly 
evident in the present morphology of the eastern Canadian 
shelf. During times of glacial deposition, especially during 
recessional phases , sedimentation rates were high but proba­
bly not of sufficient duration to fill the depressions on the 
coastal plain surface. 

The best evidence for modification of the coastal plain 
by glacial erosion is the degree of overdeepening observed in 
the lowland areas , which varies from areas of little modifica­
tion to an extreme where the dominant landforms are 
obviously the result of glacial scour. The fiord -like features , 
such as the Laurentian Channel and its tributary hanging 
valleys which incise the western Grand Banks of New­
foundland and originate in the fiords along the south coast of 
Newfoundland, are examples. 

The distribution (Fig. 3) of till and lag deposits of 
reworked debris signify that at least one ice sheet or ice shelf 
covered the greater part of the Scotian Shelf. Evidence for the 
last major ice advance on the shelf is clearly indicated by a 
submarine end moraine complex (Fig. 4; King et al., 1972) 
and evidence from the present study indicates that the main 
complex was fully developed in Middle Wisconsinan time at 
approximately 26 OOO BP. The complex is more or less 
continuous over a distance of 840km, from the central part of 
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the Gulf of Maine to the Laurentian Channel. East of the 

E 
Laurentian Channel the moraine complex occurs south of the 

-" Burin Peninsula (Fader et al., 1982). Several lobes which 
_J probably belong to the same system were described east of 
w :.:: 0 Newfoundland (Dale and Haworth , 1979) and on the 
~ :.:: 

8 0 

a: 8 N Labrador Shelf (A.C. Grant, 1972; van der Linden et al. , 
CJ a: 

~ 0 1976; Filion and Hannes , 1982). 
O "' w 
z !!! w CD CD Q) ..-:. 

< ~ I- z .!: 0 Following the period of glacial deposition the glacial LJ.. u ..., co 
O-' er 

~ 
<( 

oicri and glaciomarine deposits were in part eroded and reworked z~ u 
<( " 0 c~ 

Uli§ LJ.. 0 > · ~ ol to form the geological formations representing Late Wiscon-
::.:: 0 :0 0 _J z 0 sinan and Holocene history (Fig. 2, 3). During this period the ~ w w 0 o .~ z / z -. ~ z u a: .!: ~ <( ii5 I -< <( (/) _J (/) (/) ' 0 en - shelf environment was influenced by isostatic adj ustment of 
c::i !£2~ u 0 u ' ~c the crust and the glacioeustatic lowering of sea level. Appar-0 _J z 6 0 c 0 "- w a: <( <( N a: co ·~ Cl ~~ ~ CD a: i== 0 CD CD ·c;:; ently, the ice had receded from the shelf and isostatic adjust-_J 

CD(')i I :::E w 0 (/) :::E -< ; <I: - <( <( :::E (.) w <( "O 0 ment was complete well before sea level reached the mini-- c. a: (f) .!! _J (/) w (/) :::E u co mum still stand. Except for the approaches to the Bay of [.J.J a; Qi 
::.:! 
[.J.J 

0 
E 5; Fundy (Fader et al. , 1977), the submarine terrace which was 

'!2 w- cut during the minimum sea level stand (1 15-l20m) is co 
"O Q) 

unwarped and occurs at the same depth across the entire c en 
co ~ shelf. The present study has helped to define the age of the 

. ~ 0 
en terrace, indicated in Figure 3 by the contact between the co ..., 

CD ~ Sambro Sand and the Sable island Sand and Gravel. Emerald 
~~ Silt and glacial till in the peripheral areas of the basins were co .!: ..... ..., reworked to form the sublittoral Sambro Sand, while the bank 
Q) "O 
E c areas were subjected to subaerial erosion. During the Late 

UJ co 
Wisconsinan-Holocene transgression all sediments between en -

en~ 
0 (.) the old and present shoreline were modified in response to a ..... 0 
(.) ..... high energy beach environment. As the transgression pro-

z co "O 
Q) 

gressed it produced large areas of clean, well sorted, sands ~_a 

"' Q) 

-< .!: di and gravels (Sable island Sand and Gravel) across the outer 
c::i 0 CJ) c 

~ 0 banks, leaving underlying truncated deposits of Emerald Silt c·-
Cl co n; and glacial till. The winnowed fines were deposited in the _J ·.;::; E 
-< 0 ..... adjacent basins to form the LaHave Clay. On the inner shelf a: (.) 0 
[.J.J CJ) - between the end moraine complex and the present shoreline 
::.:! Q) -

.!: .~ of mainland Nova Scotia the gradient was sufficiently steep to [.J.J ..., (.) 

'+- :.;:: allow undercutting of the glacial material by the advancing 0 ..... 
_J :::J sea. Consequently, the glacial and glaciomarine deposits of w c en 
> . ~ Ol th is area were almost completely removed and most of what w 
_J ..., c 

(.) 0 remains is coarse gravel confined to depressions on the bed-<( ~ E w rock surface. This, to a large degree, isolated the offshore en en co 
w en en glacial and glaciomarine section from the mainland glacial z e c. 
w (.) ·- deposits except along the ancient river channels. .!: 
0 u en 
0 ·- c 
I-

0 n; o The sedimentary distributions (Fig. 3) established dur-~ I[) E ·.;::; w ing the Late Pleistocene and Holocene are still preserved at _J E~ Cl. 0 
r;e co ..... the present seabed indicating that much of the surface is relict 

~"O x co c except in shallow areas or areas of extreme exposure where 
_J z ·- co deposits of Sable island Sand and Gravel are still being w Q oc 
> 0 reworked. The occurrence of relict iceberg furrows on the w !;t _J N..., 

a: :::J glacial till surface (King, 1980; Fader et al. , 1982) demon-
<( w Q) _a 
w CJ ..... ·- strates that these surfaces are indeed re! ict and have only been (/) CJ :::J !::; 

<( Ol en slightly modified (Fig. SB). x u:::: '6 w 
_J 
<( 
u SEISMOSTRATIGRAPHY OF THE SURFICIAL i== 
a: FORMATIONS AND ASSOCIATED FEATURES w 
> 

0 The surficial formations are described in tenns of their 
0 0 0 0 

seismic reflection characteristics as they appear on the Huntec ~ 0 0 
N C') 

S3t113V>I DTS profiles. These characteristics include the presence 
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or absence of coherent internal reflections , their amplitude, 
continuity spacing, relief, structural form, and boundary 
relationships. Table l shows the relationships between the 
seismostratigraphy, lithostratigraphy and thickness of each of 
the formations together with a brief description. Figures 6a to 
6g (in pocket) illustrate the distribution and stratigraphy of 
the surficial succession from the Gulf of Maine to the North­
east Newfoundland Shelf. Column sections , interpreted from 
the Huntec DTS profiles , were chosen at piston core locations 
and in areas where significant relationships between forma­
tions exist. This format consolidates the many line kilometres 
of data on the seismic profiles. Only those formations (Sco­
tian Shelf Drift and Emerald Silt) and associated features (till 
tongues and lift-off moraines) essential to the development of 
the glacial model are described in detail. 

Scotian Shelf Drift 

At the base of the surficial succession overlying the 
bedrock surface is the Scotian Shelf Drift (glacial till). lt 
appears on the Huntec DTS profiles as a uniform dense grey 
pattern of incoherent reflections (Fig. 5). Where the till is 
thick (i.e. > 60m) and penetration with the DTS is limited, 
small airgun seismic reflection systems define the till thick­
ness to bedrock. 

The regional distribution of till at the seabed is shown in 
Figure 3. With the exception of the inner shelf and shallow 
bank areas, where the Late Pleistocene-Holocene marine 
transgression eroded most deposits , till occurs in the subsur­
face as a continuous blanket of relatively uniform thickness 
(i.e. 10 to 15m). The thickest deposits(> lOOm) occur in the 
moraines on the flanks of the basins. Numerous wedge­
shaped bodies of till situated on the distal side of the mor­
aines, are also found on the flanks of the basins and depres­
sions of the shelf. These features are referred to as "till 
tongues" (Fig. 5). They are usually found at the stratigraphic 
transition zones between the Scotian Shelf Drift and the 
Emerald Silt. Figure 7a shows the known distribution of till 
tongues from the Gulf of Maine to the Northeast New­
foundland Shelf. The column sections of Figures 6a to 6g also 
serve to indicate variations in till tongue distribution and 
thickness. 

The surface of the till exhibits several variations in 
morphological character. Its surface is conformable to the 
underlying bedrock surface, where the till occurs as a contin­
uous sheet of ground moraine. Along the Scotian Shelf 
Moraine Complex which occurs 30 to 40km offshore (Fig. 4), 
the till exists as a belt of low ridges , which are up to 120m in 
height, and are parallel to the present coastline. In contrast to 
this large scale morphology is the occurrence of relict iceberg 
furrows on the surface of the till formed by grounding ice­
bergs. These furrows have average depths of 2-3m and some­
times extend to over 200m in width. Figure 5 shows typical 
iceberg furrows developed across the surface of the Fundian 
Moraine. The surface of the till, as seen on the DTS profiles , 
in many of the broad basins and isolated depressions of the 
shelf displays a unique hummocky morphology. In most 
areas these hummocks are buried beneath thick sediments; 

however, at a few localities such hummocks have been found 
exposed at the seabed. Sidescan sonograms revealed their 
true morphology to be subparallel ridges (Fig. 8) which we 
refer to as " lift-off moraines" . These features will be 
described in detail later. 

Emerald Silt 

The Emerald Silt is subdivided into three seismic facies: 
(A) high-amplitude, continuous, coherent reflections, (B) 
medium- to low- amplitude, continuous, coherent reflections, 
and (C) discontinuous coherent reflections (also referred to as 
the transitional facies). The following acoustic characteristics 
are common to facies A and B. Continuous coherent reflec­
tions are smooth, parallel and closely spaced at an average 
distance of 0.3m. Throughout the vertical section individual 
reflections may vary in intensity from weak to strong; how­
ever, in the horizontal direction individual reflections main­
tain uniform intensity over large distances despite changes in 
their depth of occurrence within the section. Point source 
reflections (hyperbolae) can occur within all the seismic 
facies, but are largely confined to facies B. 

The Emerald Silt varies from a few metres to over lOOm 
in thickness. The thickest deposits occur within the basinal 
areas of the central Scotian Shelf, outer Gulf of Maine and in 
isolated depressions on the eastern Scotian Shelf and Grand 
Banks of Newfoundland. Isolated erosional remnants of 
Emerald Silt are occasionally found on the inner Scotian 
Shelf and bank areas and some are indicated in Figure 6. 

Seismic facies A occurs mainly at the base of the Emer­
ald Silt and the characteristic high-amplitude continuous 
coherent reflections in some places appear as a grouping of 
reflections as discrete bands on the profiles. The facies attains 
a thickness of up to 80m. A dominant characteristic of this 
facies is the conformability of the reflections which parallel 
the surface morphology of the underlying till. Reflections 
with dips of 5° occur over the steepest till surfaces, but most 
reflections range in dip from 0 to 2°. Facies A in some places 
is characteristic of younger sections (B in Fig. 7b) but this is 
not a common occurrence. 

Seismic facies B consists of medium- to low-amplitude 
continuous coherent reflections (Fig. 5). It overlies facies A in 
the basins and depressions of the shelf and reaches a max­
imum thickness of 40m. The structural style of the facies 
changes from a conformable character in the lower part of the 
section to a more ponded style in the upper part of the section 
with associated onlap on the basin flanks. An unconformity of 
wide regional extent (in some places disconformable) occurs 
at the base of facies B. The unconformity is best developed on 
the flanks of the basins and appears on the DTS profiles as 
truncations of continuous coherent reflections (Fig. 9). It is 
often well developed locally around bedrock or till 
topographic highs and is sometimes associated with a moat 
(Fig. 9) surrounding positive features. Point source reflec­
tions appear to occur more frequently within facies B. Sec­
tions where they occur range in thickness up to 40m and are 
largely confined to the southern Gulf of Maine and the 
western Scotian Shelf. Seismic facies C of the Emerald Silt 
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consists of discontinuous coherent reflections transitional 
between Emerald Silt facies A and the Scotian Shelf Drift 
(Fig. 5, 10). The coherent aspect of the reflections is of limited 
extent in both the vertical and horizontal dimensions and 
reflections cannot be correlated throughout the deposits. This 
facies is of limited extent and is best developed in the south­
ern Gulf of Maine where it attains a maximum thickness of 
20m (Fig. 10). 

Till tongues 

Till tongues are wedge-shaped bodies of till interbedded 
with Emerald Silt (Fig. Sc, 7b, 7c). At the thin or feather edge 
of the tongues, continuous coherent reflections of the Emer­
ald Silt, splay, and continue under and over the feather edge of 
the tongues. Beneath the till tongues, and in a more proximal 
position, the Emerald Silt section often terminates abruptly 
against the till (root), but in some areas may continue beneath 
the moraine complex. Figure 13 at the 24.5km mark shows 
the termination of a 40m section of Emerald Silt beneath a till 
tongue on the Scotian Shelf. The tongues vary in length from 
lOOm to over 25km and the thickness of the till is highly 
variable ranging from a few metres to over 40m . The rate of 
thickening can vary from a maximum thickness of 40m over a 
distance of 700m, to 8m over a distance of 3000m. 

The distribution of till tongues from the Gulf of Maine 
across the Scotian Shelf to the Northeast Newfoundland Shelf 
is indicated in Figures 6 and 7a. Where seismic coverage 
allows, such as in the Gulf of Maine, correlation of till 
tongues between adjacent ship's tracks has been attempted. In 
other areas the tongues have only been identified where they 
occur along individual profiles. Also, in Figure 6 the strat­
igraphic position of the till deposits is indicated numerically. 
These stratigraphic designations only apply along individual 
profiles and correlation across the shelf is not implied. Most 
till tongues are confined to the flanks of the depressions on 
the shelf. Along the inner shelf, till tongues are genera ll y 
confined to the distal, seaward side of the moraine complex. 

A complex stratigraphic section that includes eight till 
tongues occurs in the northeastern corner of Emerald Basin 
and extends on the northwestern area of Middle Bank. Figure 
11 is a composite airgun and Huntec DTS interpretation from 
north to south across the area. The cross-section is supple­
mented by DTS profiles (Fig. 12 , 13) parallel to and normal to 
the section. They illustrate details of the stratigraphic rela­
tionships. These eight till tongues are sequentially numbered 
upwards through the section beginning with number 2 above 
the base of the section. Till number I is a thin till which 
overlies the bedrock surface as ground moraine. In order to 
develop a three dimensional model of the distribution of the 
till tongues in this study area, a plan view diagram showing 
the extent of each till tongue is provided (Fig. 14). Proximal to 
the feather edge of the till tongues near the Country Harbour 
Moraine, till tongues 2 to 4 appear to grow out of, or are 
rooted in the moraine at depth (Fig. 11 , 14). In contrast, till 
tongues 5 to 9 have been eroded at their rooted ends and the 
intervening Emerald Silt between tongues has been exposed. 
This provided an opportunity for samples to be obtained 
throughout the section. 

The relationship between the till tongues and the Emer­
ald Silt differs between the top and bottom surfaces of the 
tongues. The bottom surfaces are generally smooth with little 
or no relief and they are parallel to the underlying Emerald 
Silt reflections. Where steeper dips and rapid changes in 
structure occur within the Emerald Silt (Fig. 7b), the till 
generally conforms with the underlying deposits. One 
exception is shown in Figure 13 from the I0-16km mark where 
till tongue number 7 shows irregularities with relief up to lOm 
at its base, indicating an erosional contact. 

In the vertical direction the till tongues terminate 
abruptly and the contact between the Emerald Silt and the till 
is clearly defined. However, in the horizontal direction along 
the upper tongue surfaces, the transition is gradational. Indi­
vidual Emerald Silt reflections become discontinuous and 
less defined, and eventually terminate within the till. 

Lift-off moraines 

As discussed earlier, lift-off moraines are parallel ridges 
of till which occur on the surface of the basal ti ll in the basin 
areas. They are illustrated by sidescan data in Figures 8 and 
15. These moraines commonly occur in fields or groups, the 
distribution of which is shown in Figure 16a. The ridges vary 
in height from a few metres to 20m, in width from 20 to 150m 
with the average at 40 to 50m, and are spaced from 30 to 
400m apart, but on average about 40m. Figure 16b shows 
several DTS profiles collected over lift-off moraines from the 
Gulf of Maine, Scotian Shelf and the Grand Banks of New­
foundland. They show variations in internal structure and 
complex relationships with the adjacent and overlying Emer­
ald Silt. Lift-off moraines generally occur in association with 
facies A of the Emerald Silt, and it is sometimes difficult to 
define where the upper surface of the moraine ends and the 
overlying conformable glaciomarine sediments begin. The 
flanks of the ridges are very steep and are generally defined 
by an abrupt termination of Emerald Silt reflections which 
occur between the ridges. Figure 16b illustrates how discrete 
bands of Emerald Silt can be correlated between ridges across 
an entire field of lift-off moraines, and suggests contempo­
raneous deposition of the till and glaciomarine sediment. If 
the glaciomarine sediment had been deposited later, it would 
mimic the shape of the ridge. In contrast, the till ridges 
sometimes occur at the seabed without any associated 
glaciomarine sediment. 

LITHOSTRATIGRAPHY AND CHRONOLOGY OF 
THE GLACIAL SURFICIAL FORMATIONS 

Previous studies (King, 1970, 1980) utilized information 
from the seismostratigraphy of the surficial formations 
including distribution, boundaries , structure and thickness , 
combined with lithological information from samples, to 
establish the lithostratigraphic classification which forms the 
basis for Figures 2 and 3. Data from the piston cores collected 
for the present study supplement the previous descriptions for 
the Scotian Shelf Drift and the various facies of the Emerald 
Silt. The results are summarized in Table l and discussed in 
detail below. 

15 



16 

U.$ . A. 

100 200 
k m 

- 100- BATHY M ETRY, m 

~ ~ ~ TILL TONGUES 

B 

180 

200 

220 

240 

c 

200 

220 

240 

260 

D 
120 

140 

160 

180 

0 

DROPSTONES 

EMERALD 
FACIES 

EMERALD 
FACIES 

·1 ' : ' . &!:'"'~~Eo ; -- - - -
i -- ,,, ' - . 
I l I 

.1 ' 1 

2 

.. 

7a 

7b 

,_ICEBERG~ 
-r: FURROWS TILL 

TONGUE 

I 

TILL I TONGUE 

I [ 
I 

3 4 5 6 7 8 km 



Piston core analysis 

A total of 25 cores were obtained with a split piston, 
Benthos corer to represent the various glacial, glaciomarine, 
and postglacial units in the eastern Gulf of Maine, Scotian 
Shelf, Laurentian Channel, and Grand Banks of New­
foundland. Their locations are indicated in Table 2 and on the 
seismic column section maps , Figure 6a to 6g. Core sites 
were chosen along high resolution seismic reflection profi les 
which had been previously collected and interpreted, with the 
object~ve to obtain maximum stratigraphic coverage during 
sampling. In the process of sampling, the DTS system was 
again employed to define precise site locations with respect to 
stratigraphy. This technique was of particular value in areas 
where the section was exposed at the seabed by virtue of an 
unconformity. The use of standard navigational controls 
alone could have resulted in the collection of samples with 
stratigraphic errors as great as 15 to 20m . 

The co~es were split, X-rayed, subsampled for grain size 
analysis , radiocarbon dating and micropaleontological analysis, 
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and described in terms of lithology and structure. The 
radiocarbon dates were based on total organic carbon in the 
sedi~ent after removal of carbonate carbon. For the paleon­
tological .analysis only those parameters are reported which 
are considered most significant in defining glac ial and 
postglacial environments (Vilks and Rashid, 1976), that is, 
total abundance of foraminifera, percentage of Elphidium 
excavatum and planktonic foraminifera. Foraminiferal abun­
dan.ce is reported as the number of tes ts per 60ml of wet 
sediment. Sand fractions remaining from the paleontological 
analysis were examined microscopically. Each core was clas­
sified according to stratigraphic formation and seismic fac­
ies, and correlations were made with seismic events where 
possible. Unfortunately, colour was generall y not noted 
because of the time lapse between sampling and examination; 
however, most of the features enhanced by colour in core 
?escriptions , especially sedimentary structure, are preserved 
m the X-radiographs (Fig. 17a) so that thi s detai led informa­
tion was not lost. 

7c 
2 3 4 5 6 km 

Figure 7a. Known distribution of till tongues from the Gulf of Maine, Scotian Shelf and 
Gr.and. Banks o_f Newfoundland based on an interpretation of Huntec high reso lution 
se1sm1c refle~t1on prof1l~s. The arrows point in the direction of the thinning feather 
edge of the till tongues interbedded with the glaciomarine sediment. 

Figure 7b, Figure 7c. A suite of till tongues as they appear on Huntec DTS profi les. See 
text for detailed description . 
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Table 1. Table of Quaternary Formations 

Epoch Formation Li thostratigraphy Thickness Seismostratigraphy 

H LaHave Clay Greyish brown, soft , silty, clay 
grading to clayey silt, confined 0-70m Generally transparent without 
mainly to basins and depressions reflections. Some weak 

0 of shelf. Derived by winnowing of continuous coherent reflections in 
glacial sediments on banks and base of sect ion becoming 

L 
transported to basins. Time stronger in nearshore sandy 
equivalent of Sable Island Sand facies and on Grand Banks of 
and Gravel and Sambro Sand on Newfoundland 

0 banks 

Sable Island Fine to coarse, well sorted sand 0-SOm Highly reflective seabed. 
c Sand and grading to subrounded to rounded generall y Generally closely spaced 

Gravel gravels. Unconformably overlies veneer continuous coherent reflections if 
Emerald Silt and Scotian Shelf deposit is of suffic ient thickness 

E Drift, and derived from these to resolve 
depos its through reworking during 

N Holocene transgression above 
l20m present depth . Time 
equivalent of LaHave Clay in 

E basins 

Sambro Sand Silty sand grading locally to 0-20m Similar to Sable Island Sand and 
gravell y sand and well sorted sand. generally Gravel 
Deposited sublittorally with veneer 

p 
respect to the Pleistocene shoreline 
below l 20m present depth . Time 

L equivalent to basal LaHave Clay 
and upper Emerald Silt, facies B 

E Emerald Silt, Not well sampled 0-lOOm Discontinuous coherent 
Facies C reflections; transitional between 

facies A Emerald Silt and glacial 
till 

s Emerald Silt, Darki sh greyish brown, poorly 0-40m Medium to low amplitude 
facies B sorted clayey and sandy silt with continuous coherent reflections, 

some gravel. Poorl y developed and to some degree a ponded 

T rhythmic banding; proglac ial in sed imentational sty le 
origin 

0 Emerald Silt, Dark grey ish brown, poorly sorted 0-lOOm High amplitude continuous 
facies A clayey and sandy silt, some gravel. coherent reflections, highly 

Well developed rhythmic banding; conformable to substrate 
c subglacial in origin. Time irregularities 

equivalent to parts of Scotian Shelf 

E Drift 

Scotian Shelf Very dark greyish brown, cohesive 0- lOOm Incoherent re fl ections , sometimes 

N Drift glacial till composed of poorly with scattered po int source 
sorted sandy clay and silt with re fl ections 
variable gravel 

E 
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An index for the core description and the detailed logs 
are shown in Figure l 7b- l 7z (in pocket). They are grouped 
accordi ng to area and stratigraphic position. The fo ll owing 
discussion of the various analyses generalizes and consoli ­
dates the detailed descriptions of the individual cores in the 
diagrams. 

can be wide. The boundaries between the silt and clay layers 
are distinct and undisturbed and the degree of contrast 
between the layers appears to be a function of contrast in 
textural composition. The gravel content is widely dispersed 
and the clast diameters range from O. l to 2cm. The clasts do 
not appear to disturb the regularity of the boundaries between 
the clay and silt bands, and they appear to be unifom1ly 
dispersed through both members of the couplets ; a lthough 
the gravel content may vary over broader intervals involving 
several couplets. 

Gulf of Maine suite 

The Gulf of Maine suite of samples is composed of five 
cores (76-016-2 to 76-016-6; Fig. 17) that represent four major 
stratigraphic units: Emerald Silt, facies A, B and C, and 
LaHave Clay. Fac ies A occurs near the base of core 76-016-5 
and only includes the uppermost 2m of this unit. Facies B 
occurs in cores 76-016-2, 3, 4 and 5; facies C in core 76-
0 16-6, and LaHave Clay in cores 76-016-2 and 3 . 

The average number of couplets or complete cycles/m is 
approx imately 25 for this section of core 76-016-5. Because 
of the weak nature of the banding it is difficult to obta in an 
accurate count and the number probably represents a mini­
mum value. There is no indication of bioturbation. which, if 
present. wou ld also tend to decrease the number of cycles/m . 

Lithology 

Emerald Silt, facies A core 76-0 16-5, is characterized by 
weakly rhythmically banded, gravelly muds. The rhythm ic 
bands arise from alternating bands of si lt and clay, both of 
which vary from l to 3cm in thickness, but the variations 
between the thickness of clay and silt for any given couplet 

Grain size analysis indicates an average composition of 
3% grave l, 10% sand, 40% si lt and 47% clay with a slight 
increase in sand content upward through the section. When 
plotted on a scatter diagram of mean grai n size versus sort ing 
(Fig. 18), these sediments fa ll within the upper part of the 
Emerald Si lt groupi ng. Individual clay and silt members of 
the rhythmic bands were not sampled so that the analyses also 
represent an average of these variations. 

Table 2. Core data 
Water Core 

Core# Depth(m) Latitude Longitude Length(m) Geographic Area 

73-003-35 1 454 46°34.2'N 58°24.2'W 9.9 Laurentian Channel 
75-009-21v 139 46°50.1 'N 50°44.S'W 4.3 Downing Basin 
76-0 16-2 198 43°03.25'N 67°03.0 ' W 4 .3 Gulf of Maine 
76-0 16-3 268 42°0.6 ' N 67°06.0 ' W 8.2 Gulf of Maine 
76-016-4 241 42°41.9'N 67°06.2 ' W 3. 1 Gulf of Maine 
76-016-5 238 42°48.2'N 67°05 .8 ' W 8.4 Gulf of Mai ne 
76-016-6 194 43°00.0'N 67°04 . 1 ' W 4.6 Gulf of Maine 
78-012-132 263 46°50.3'N 54°43 .7'W 9.6 Placentia Bay 
78-012-223 227 46°52.8'N 54°5 1.8 ' W 2.4 Placentia Bay 
78-0 12-321 181 46°45 .6'N 54°36 .2 ' W 2.3 Placentia Bay 
79-01 1- 1 142 44°33.0'N 61 °25 .2 ' W 8 .7 Northeast Emerald Basin 
79-011-2 135 44°4 l .9 ' N 6 1°25.0 ' W 3. 1 Northeast Emerald Basin 
79-011-6 97 44°44.4'N 61 °13 .9'W 1.7 Northwest Middle Bank 
79-01 1-7 91 44°43 .5'N 6 1°12.6'W 1.2 Northwest Middle Bank 
79-0 11-8 111 44°43.4'N 61°18.0 'W 1.9 Northwest Middle Bank 
79-011-9 111 44°43.9'N 6 1°17.75'W 1.9 Northwest Middle Bank 
79-011-10 133 44°42.0'N 61°46.5'W 6.5 Northeast Emerald Basin 
79-011-11 150 44°39.28'N 61 °46.86'W 6.4 Northeast Emerald Basin 
79-011-12 159 43°47.8'N 62°36 .3'W 6.2 Southwest Emerald Basin 
79-0l l -2v 124 44°44. J 'N 61 °24.5'W 3. 1 Northeast Emerald Basin 
79-0 l l -3v 120 44°45.0'N 6 1°24.2'W 3 .2 Northeast Emerald Basin 
79-0 l l -4v 117 44°46 .25'N 61 °25.4'W 1.7 Northwest Middle Bank 
82-003-4s 135 44°38.48 ' N 61 °25. l2 ' W 2 .8 Northeast Emerald Basin 
82-003-6s 135 44°40. l2'N 61 °26.24'W 3.4 Northeast Emerald Basin 
82-003-7s 135 44°4 l .24'N 61 °25.06 ' W 3.4 Northeast Emerald Basin 
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Figure 14. Map of study area A (Fig. 6c), northeast Emerald Basin , showing the 
distribution of 8 till tongues within area B. The hachured areas are zones where till 
tongues have been eroded at the seabed . The remaining till tongues are rooted at depth 
to the main moraine complex (see cross-section Fig . 11). Till tongues 2-6 are rooted or 
eroded in the north with the feather edge thinning to the south. Till tongues 7-9 are 
rooted or eroded in the east, at the edge of Middle Bank, and the till tongues thin in a 
westerly direction . 
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A B c 

0 5 10 cm 
Figure 17. X-radiographic positives showing rhythmically banded (A); rhythm ically 
banded, wispy (8); and laminated (C) examples of structure from piston cores. Note the 
w ispy aspect of (B) is best illustrated in the central part of the core. 



The sand frac tion is dominated by quartz and fe ldspar 
with minor quantiti es of lithic grains and foraminiferal tests. 
A relatively high percentage of the quartz grains show a 
glossy, secondary growth of silica, thus many are subangular 
to subrounded. 

In Emerald Silt, fac ies 8 (cores 76-016-2 and 76-016-5) 
rhythmic banding is very weak and is barely visible on the 
split core face but can be seen in X-radiographs. Otherwise, 
the band thickness and di stribution of grave l is similar to 
facies A, but the clasts are slightl y smaller (0. 1 to l. Ocm in 
diameter). The average number of cycles/m in the cores is 
approximately 23 but ranges as high as 30 cycles/m in cores 
76-0 16-4 and 5. The average textura l compos ition (3% gravel, 
13% sand, 47% silt, and 37% clay) is slightly coarser than 
facies A, and the composite cumulative curves and freq uency 
di stributions (Fig. 19) show a biomodal di stribut ion. Th is is 
interpreted as arising from bulk sedi ment analys is of sections 
of rhythmicall y banded silt and clay layers so that the analy­
ses represent an average of these vari ations. Quartz and 
fe ldspar are common in the sand frac tion and significant 
amounts of quartz show secondary growth. The biogenic 
frac tion consists of foramini feral tests and variab le amounts 
of ostracods. Shell s are sparsely di spersed throughout much 
of core 76-016-3 . Pyritl zed worm tubes are common near the 
top of the section in cores 76-0 16-2 and 3 , and in the lower 
half of core 76-016-4 . 
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Emerald Si lt, fac ies C was sampled in one core, 76-
0 16-6. It is characterized by strongly laminated, sometimes 
steeply d ipping, beds grading to rhythmicall y banded wispy 
beds. The average textural composition is 3% gravel, 7% 
sand, 53% si lt, and 37% clay, which is similar to facies 8. The 
sand frac tion is also similar. These samples, when plotted on 
the scatter diagram (Fig. 18), tend to group together in the 
Emerald Silt facies A and B fie ld; however, a few samples are 
more widely di splaced. 

The LaHave Clay is a wispy-lam inated, sandy silt; a 
peripheral facies of the typical LaHave Clay of LaHave and 
Emerald basins which is normally a sil ty clay. The average 
textural analysis is 1% gravel, 27% sand, 55% silt, and 17% 
clay. Fragi le, woody organ ic fragments are often present in 
the sand frac tion. 

Samples of till fro m the Gulf of Maine were collected 
with bottom grab samplers, and represent onl y the surface of 
the till at the seabed. Winnowing of the till surface by bottom 
currents and the effects of iceberg furrowing are postdeposi­
tional processes that have modified the upper till section. The 
till is a dark grey ish- to redd ish-brown, poorl y sorted sedi ­
ment, containing angular fragments of pebble to boulder 
sized material. The average range for the median di ameter of 
the till is 0. 18 to l.5mm , and the average textural analys is , 
based on approximately 30 samples , is 38% grave l, 41 % 

0 
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6 
6 6 6 \ 0 

\ 
6 6 

6 
6 

Scatter diagram of mean grain size (MflS) vs . 
sorting (cr flS) for representative Scotian Shelf 
sediment samples. The samples oftill(Scotian 
Shelf Drift) are very poorly sorted . The sam­
ples from the till tongue in Emerald Basin fall 
w ith in the Emerald Silt field , together with 
both Emerald Silt facies A and B samples from 
the same area . Several samples of the Sable 
Island Sand and Gravel are plotted for com ­
parison, and demonstrate their origin through 
reworking of the till during the late 
Ple istocene-Holocene transgression . 
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sand, 11 % silt and 10% clay (Fig. 20). When plotted on the 
scatter diagram (Fig. 18) these till samples fall within the 
Scotian Shelf Drift field together with till samples from the 
western Grand Banks of Newfoundland. Striations and pol­
ished surfaces occur on many of the larger clasts. The gravel 
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fraction is generally angular to subangular, but some frag­
ments are well rounded. The gravel material from the Gulf of 
Maine consists of fragments of sandstone, mudstone, meta­
morphic rocks , granite and basalt. 
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Figure 19. Composite cumulative curve envelopes and frequ ency distribution curves of samples of 
Emerald Silt. Emerald Silt facies B from Gulf of Ma ine (A) ; Em erald Silt facies B from Emerald Basin 
(B); and Emerald Silt facies A from Emerald Basin (C).Note the increased content of both sand and 
gravel in the Gulf of Maine samples compared to those of Emerald Basin . Note change of scale in (A). 
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(A); till tongue no. 7, core 79-011 -08 from Emerald Basin (B) ; and western 
Grand Banks of Newfoundland (C). The higher percentage of sand-sized 
sediments in the Grand Banks samples is the result of glacial erosion of 
sedimentary bedrock offshore Newfoundland. The samples (B) from the till 
tongue in Emerald Basin plot similar to those of Emerald Silt (Fig . 19). 
However, the till tongues appear structureless both on X-radiographic 
positives and in their seismic reflection characteristics as compared to the 
rhythmic banding of the Emerald Silt. Note change of scale in (A). 
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M icropaleontology 

Emerald Silt facies A , recorded a low abundance of 
foraminifera (102 ) per sample, dominated by Elphidium 
excavatum . In fac ies B the abundances increased upwards in 
the section fro m 102 to 104 , and are accompanied by an 
increase in diversity dominated by Elphidium excavatum. 
Facies C also fa ll s in the intermediate range of abundances. 
LaHave Clay shows high abundance (105 to 106) and high 
diversity of forams. The introduction of planktonic fora ms, 
and a sudden decrease in Elphidium excavatum is also 
evident. Os tracodes are prese nt in variable amounts 
throughout. The distributional trends of foramini Fera from the 
Gulf of Maine compare favo urably with the average di stribu­
tion between formations for the entire suite of cores (Fig. 2 1 ). 

Correlation of cores and radiocarbon dates 

The correlation of piston cores fro m the Gul f of Maine is 
mainly based on seismostratigraphic control by ( 1) tracing 
specific refl ections which can be identifi ed as lithological 
events in the cores, (2) tracing characte ri stic se is­
mostratigraphic units such as the high amplitude refl ection 
unit (fac ies A), and (3) by identify ing on the seismic profiles 
the formational changes, such as the contact between LaHave 
Clay and Emerald Si lt, fac ies B , recognized in the cores on 
the bas is of lithological and biogenic changes. Us ing the 
correlations of Figure 22 it is possible to compile a composite 
of the piston cores, and core 76-01 6-3 was chosen as the 
control core. The control core was selected fro m the suite of 
cores because it contained the most complete stratigraphic 
section, and was used as a reference to which the other cores 
were seismically correlated. It was important to establish the 
composite section of piston cores at a site where the section 
was most complete as indicated by the seismic profil es. The 
type acoustic section is normally chosen at the control core 
site but in this case a more representati ve seismic section was 
chosen l. lkm south of the control core location (Fig. 23, 
l.lkm south of core 76-016-3 position). Figure 23 shows that 
approximately half the section was sampled. 

Fig ure 22. 

Co rrelation diagram for cores in the Gulf of 
Ma ine. Cores 2, 3, 4 and 6 were correlated on 
the basis of seismic reflection characteristics 
wh ile core 5 was addit ionally influenced by 
ag e relationships. The cores are positioned 
rel ative to water depth . 
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Table 3. Age determination 
Formation and 

Core no. Interval (cm) Facies Age (Ka) Laboratory no. 

73-003-35 I 90-1 25 LaHave Clay 16. 17 ± 0.52 GX-6695 
230-265 LaHave Clay 17.245 ± 0.45 GX-6696 
620-65) Emera ld Silt 27. 15 + 2.26 GX-6697 

(facies B) - 1.77 

880-9 15 Emera ld Silt 30.26 + 2.5 GX-6698 
(facies 8) - 1.9 

75-009-2 1 v 160- 190 Emerald Silt 22.0 15 + 1.35 GX-8803 
(fac ies A) - I . IS 

76-0 16-2 25-55 LaHave Clay 6.09±0. 17 GSC-2947 
130- 160 LaHave Clay II . I ± 0 . 15 GSC-2944 
224-249 Emera ld Silt 17.0 ± 0.9 GSC-2709 

(facies 8) 

76-0 16-3 170- 195 Emera ld Silt 15.3 ± 0.39 GSC-2697 
(fac ies 8) 

550-575 Emera ld Silt > 19.0 GSC-27 11 
733-783 Emera ld Silt 2 1. 6 ± 0.69 GSC-2735 

(facies 8 ) 

76-0 16-4 40-80 Emerald Silt 19.0 ± 0.53 GSC-2939 
(fac ies 8 ) 

275-300 Emerald Silt 18.0 ± 0.99 GSC-2755 
(facies 8 ) 

76-0 16-5 130- 165 Emerald Silt 22.6 ± 1 08 GSC 2967 
(fac ies 8) 

207-232 Emerald Silt > 18.0 GSC-2770 
(facies 8) 

430-475 Emerald Silt 24.8 ± 1. 13 GSC-2962 
(facies 8) 

5 19-544 Emerald Silt > 18 .0 GSC-2789 
(fac ies 8) 

735-760 Emerald Silt 26.6 ± 1.6 GSC-27 15 
(fac ies A) 

76-0 16-6 125- 150 Emerald Silt 17.6 ± 0 .62 GSC-28 10 
(fac ies C) 

4 15-440 Emerald Silt 17.4 ± 0 .67 GSC-280 1 
(fac ies C) 

78-012- 132 30-85 LaHave Clay 7.49 ± 0.08 GSC-2933 
8 10-850 LaHave Clay 14. 1 ± 0.2 GSC-2926 

78-0 12-223 15-50 LaHave Clay 14.8 ± 0.33 GSC-2874 
160- 195 Emera ld Silt 22.2 ± 1.45 GSC-2866 

(facies 8 ) 

78-0 12-32 1 56-95 Emerald Si lt 22.7 ± 0 .73 GSC-2999 
(fac ies 8) 

170-2 10 Emerald Silt 2 1.8 ± 0.76 GSC-2890 
(facies 8) 

79-0 11 - 1 15-55 LaHave Clay 6.48 ± 0.07 GSC-3255 
324-359 LaHave Clay 11. 6 ± 0. 12 GSC-3258 
650-680 Emera ld Silt 15. I ± 0.23 GSC-3260 

(fac ies 8) 
807-837 Emerald Silt 16.4 ± 0. 18 GSC-3272 

(facies 8) 

79-011 -2 10-40 Emera ld Silt > 34 .0 GSC-3263 
(facies A) 

155-1 90 Emera ld Silt 34.3 ± 0 .96 GSC-3264 
(facies A) 

262-295 Emera ld Silt > 38.0 GSC-3265 
(facies A) 

79-011 -6 11 5- 155 Emerald Silt 32.2 ± 1. 03 GSC-3095 
(fac ies A) 
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Ta ble 3. Age determination (cont.) 

Formation and 
Core no. Interval (cm) Facies Age (Ka) Laboratory no. 

79-0 11 -7 15-55 Emerald Silt 4 1.8 ± 1.79 GSC-2979 
(fac ies A) 

79-0 11 -8 21-6 1 Scoti an Shelf 37 .8 ± I. 9 GSC-327 1 
Drift 

124- 165 Scotian Shelf 32 . 18 + 3.4 GX-854 1 
Drift - 2.2 

79-0 11 -9 25-65 Emera ld Si lt > 33 .0 GSC-3 138 
(facies A) 

135- 175 Emerald Si lt > 34.0 GSC-3068 
(fac ies A) 

79-0 11 - 10 25-55 Emera ld Si lt > 28 . 17 + 3.5 GX-8542 
(facies A) - 2.4 

180-2 10 Emera ld Silt 30.545 + 4.2 GX-8543 
(fac ies A) - 3 .2 

350-380 Emerald Silt 26.235 + 1.6 GX-8544 
(fac ies A) - 1.2 

550-580 Emera ld S il t 36 .3 ± 0 .98 GSC-3 152 
(fac ies A) 

79-0 11- 11 80- 120 Emera ld Si lt 26.9 ± 0.65 GSC-3 164 
(fac ies B) 

220-250 Emerald S il t 27 .3 1 ± 0.65 GX-8545 
(fac ies B) 

320-350 Emera ld Si lt 26.32 + 1.8 GX-8546 
(fac ies B) - 1.35 

560-590 Emerald Silt 30.9 ± 0.54 GSC-323 1 
(fac ics B) 

79-0 11- 12 30-60 Emerald Si lt 20.75 + 1.2 GX-8547 
(fac ies B) - I 05 

190-220 Emera ld Silt 17.7 15 + 0.8 GX-8548 
(fac ies B) - 0.6 

425-455 Emerald Silt 35.0 ± 1.6 GSC-325 1 
(fac ies B) 

570-600 Emera ld Silt 27 .3 ± 0 .6 GSC-3244 
(facies B) 

79-01 I-2v 40-70 Emera ld Silt > 30.0 GX-8538 
(fac ies A) 

160- 190 Emera ld Silt 27.3 1 + I .4 GX-8539 
(facies A) - I.I 

233-280 Emerald Silt 36.5 ± 1.37 GSC-2995 
(fac ies A) 

79-0l l-3v 60-90 Emerald Silt 24.5 + 1.7 GX-8540 
(fac ies A) - 1.3 

232-285 Emerald Sil t 35.4 ± 0.8 1 GSC-2987 
(facies A) 

79-0J J-4v 38-78 Emerald Sil t 39.5 ± 1.39 GSC-2983 
(fac ies A) 

82-003-4s 25-50 LaHave Clay 14 .465 ± 0.55 GX-8799 
163- 185 Emerald Silt 23 .6 + 1.2 GX-8800 

(facies B) - 1.0 
235-255 Emerald Silt 19.0 + 1. 05 GX-880 1 

(facies B) - 0 .9 

82-003-6s 25-55 Emerald Silt 24 .82 + 1.4 GX-8796 
(fac ies B) - 1.1 5 

175-200 Emerald Silt > 37.0 GX-8797 
(fac ies B) 

275-300 Emera ld Silt 30.8 + 3.0 GX-8798 
(fac ies B) - 2.0 

82-003-7s 60-95 Emerald Silt 33. 1 + 5.5 GX-8793 
(fac ies B) - 2.7 

185-2 10 Emerald Si lt > 37 .0 GX-8794 
(fac ies A) 

280-320 Emera ld Silt > 37.0 GX-8795 
(facies A) 
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Figure 23. Huntec DTS profile of the type section in the Gulf of Maine. The sections sampled by 
the cores are bracketed . Emerald Silt facies A consists of medium-high intensity continuous 
coherent reflections. Emerald Silt facies B consists of medium intensity continuous coherent 
reflections with occasional dropstones. In this area LaHave Clay is coarser and has an acoustic 
character similar to facies B Emerald Silt. The till consists of incoherent reflections and the till 
tongue is interbedded with facies A Emerald Silt . 

In Figure 24 radiocarbon dates (Table 3) are plotted 
against their stratigraphic position at the composite section 
(Fig. 23). Range bars indicate the analytical error on the age 
determinations and an estimated stratigraphic error resulting 
from core positioning and seismostratigraphic correlations. 
All data are included in the plot except those which did not 
give a finite result. With the exception of samples 280 I and 
2755 all points fall close to the line of best fit. Although it is 
unfortunate that material other than total organic carbon was 
not available to supplement the age determinations*, it is 
promising that the dates show a systematic relationship to the 
stratigraphy, and the straight- line relationship for samples of 
glaciomarine origin (ages 17 OOO BP) provides some justi­
fication for extrapolation through the lower, unsampled por­
tion of the section. It seems reasonable to accept the results as 

a basis for regional correlation across the study area and for 
establishing at least a relative chronostratigraphy for the 
offshore, acknowledging the possibility that the ages are 
likely to be old rather than too young because of the presence 
of "dead" (nonradioactive) carbon. 

In Figure 24 significant stratigraphic events are plotted 
against the chronology for the Gulf of Maine section. The 
Emerald Silt, facies A deposition dates from 38 OOO to 
26 500 BP, facies B from 26 500 to 13 500 BP, and LaHave 
Clay from 13 500 BP to the present. Both facies of Emerald 
Silt show an average sedimentation rate of approximately 
l. 8m/IOOO a. The sedimentation rate for LaHave Clay 
decreases to approximately 0.3m/1000 a. The bulk of the 
Fundian Moraine between its till tongue and top, appears to 
have been deposited between 32 OOO and 26 500 BP. 

*More recently, six radiocarbon dates were obtained on shells , using the AMS technique, from the 
same horizons as the total organic carbon dates. The ages obtained ranged from 6000 to 26 OOO BP 
and were within ±2500 years of the TOC dates. 
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Emerald Basin suite 

Fifteen cores constitute the Emerald Basin suite: 79-
011-1 and 2; 79-011-6 to 12; 79-01 l-2V to 4V (V indicates 
vibrocores) and 82-003-4, 6 and 7. They represent four major 
stratigraphic units: Scotian Shelf Drift, Emerald Silt, facies A 
and B , and LaHave Clay. Scotian Shelf Drift occurs in core 
79-011-8 which sampled a till tongue associated with the 
Country Harbour moraine. Facies A occurs in cores 79-011-2, 
2Y, 3V, 4V, 6, 7 , 9, 10 and 82-003-7; facies Bin cores 79-
0 l l-1 , 11 , 12 and 82-003-4 , 6 and 7; and LaHave Clay in cores 
79-011-1 and 82-003-4 . With the exception of core 79-011-12 
which is located to the south, in the deeper part of the basin, 
all samples were obtained in the northeast end of the basin 
and northwest flank of Middle Bank. The object of this 
sample program was to obtain the most complete Wiscon­
sinan section possible. This area is unique in that much of the 
section is exposed at the seabed along a well developed 
seabed unconformity. 

Lithology 

Scotian Shelf Drift from till tongue 7 is a silty clay with a 
minor gravel content, and is structureless except for several 
weak bands indicated on the X-radiographic log. Subsamples 
of the core are uniform in composition and average approxi­
mately 1% gravel, 7% sand, 43 % silt and 49% clay (Fig. 20); 
simjlar to the composition of Emerald Silt, facies A . On the 
scatter diagram (Fig. 18), these samples plot closely together 
in the Emerald Silt field , unlike till samples from the Gulf of 
Maine and the Grand Banks of Newfoundland, sampled by 
bottom grab. 

Emerald Silt, facies A is characterized by strong rhyth­
mic banding, more distinct than that of the equivalent facies 
in the Gulf of Maine. The bands range in thickness from l to 
3cm and alternate from clay to silt in each band. In freshly cut 
cores the bands alternate in colour from 5y 3/1 to 5y 5/1 
(Munsell soi l colour) respectively. The average number of 
couplets/m ranges from a minimum of 32 to a maximum of 
52. The rather wide range results from the difficulty in 
identifying some individual cycles. In general, the muds are 
slightly finer than those from the Gulf of Maine, and have less 
associated gravel. The average textural composition is 1 % 
gravel, 7% sand, 38% silt and 54% clay (Fig. 20). The 
samples of Emerald Silt facies A on the scatter diagram (Fig. 
18) plot in the same grouping as those from facies B. Quartz 
grains with secondary overgrowths are common in the sand 
fraction. This appears to be a common feature of Emerald 
Silt, facies A and appears related to environment of deposi­
tion and not source. 

Emerald Silt, facies B is characterized by a wide range 
in structure, from weak to strong rhythmic banding and weak 
to strong laminations. The average number of couplets/m is 
approximately 32 for the section represented in core 79-
011-11, Table 4 . Bioturbation is common and tends to mask 
primary structures. Size analysis yields an average distribu­
tion of 15% sand, 45% si lt and 40% clay. Gravel occurs in 
minor quantities throughout the facies. A wide variety in 
grain size is characteristic of facies B and some samples 
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Figure 24. Sedimentation curve based on 14C ages and 
seismostratigraphic analyses of Huntec DTS data for the 
Gulf of Maine. Range bars represent 14C dating and seis­
mostratigraphic accuracies. Plotted along the line of best 
fit are major events for the Gulf of Maine together with 
seismic facies. Extrapolated to the base of the section, 
initial ice lift-off occurred at 38 OOO BP. Sedimentation 
rates remained constant until approximately 17 OOO BP, 
prior to deposition of the LaHave Clay when the rate 
decreased. 

contain up to 40% sand. The sand fraction is dominated by 
quartz and feldspar with minor amounts of lithic fragments , 
foraminiferal tests and ostracods. Disseminated pyrite, 
organic fragments, and shell s and shell fragments are com­
mon throughout the facies. 

The LaHave Clay is a weakly to strongly laminated 
sediment. The average textural analysis yields 5% sand, 45 % 
silt and 50% clay with gravel virtually absent. The sand size 
sediment is dominated by quartz and feldspar together with 
foraminiferal tests , minor pyrite and woody organic frag­
ments. Near flanks of the basin the sand content increases to 
35%. LaHave Clay is heavily bioturbated, and shells and 
shell fragments are common. 

Micropaleontology 

Emerald Silt, facies A, shows a low abundance of for­
aminifera (10 to 102 ) dominated by Elphidium excavatum, 
which is similar to the equivalent facies in the Gulf of Maine. 



Table 4. Sediment banding compilation 
MIDDLE BANK AREA 

No. of seismic Average no. No. of couplets 
No. of couplets reflections Average reflection of seismic in core/seismic 

Core no. Im in core / !Om distance/m reflections/m reflection 

High Low 

79-7P 64 34 28 0 .35 2.8 22.8 
79-4Y 48 37 32 0.31 3.2 14.9 
79-3Y 44 29 30 0.33 3 .0 14.6 
79-9P 51 34 30 0.33 3.0 17.0 
79-2V 43 3 1 30 0.33 3.0 14.3 
79-2P 45 23 23 0.44 2.3 20 . 1 
79-6P 70 37 20 0.50 2 .0 35 .3 

79-lOP 40 25 0.40 2.5 15 .9 
79-1 lP 32 30 0.33 3.0 10.6 

GULF OF MAINE 

76-2 15 
76-5 27 26 
76-3 19 14 
76-4 30 

In facies B the abundance increases upwards from 102 to 103 . 

Elphidium excavatum decreases within facies B towards the 
top of the formation from 90 to 50%. The LaHave Clay shows 
high abundance of foraminifera (104 ) , the presence of 
planktonic foraminifera and a dramatic lowering in the per­
centage of Elphidium excavatum to between 5 and 10%. 

Correlation of cores and radiocarbon dares 

Figure 25 shows a correlation of piston cores from 
Emerald Basin. All cores were included with the exception of 
cores 79-011-6, 10 , 11 and 12 where seismic control was 
lacking. Based on these correlations , a composite section of 
piston cores was compiled (Fig. 26) where the seismic pro­
files indicated the most complete section. Stratigraphic posi­
tions of the samples where radiocarbon dating had been 
carried out (Table 3) were obtained from this diagram and 
plotted against the dates (Fig. 27). After the line of best fit was 
established, data from cores 6 , 10 and 11 were positioned on 
the diagram to establish the stratigraphic position of these 
cores which previously could not be seismicall y correlated. 
With the exception of samples 8539 and 8540 the plot shows 
little scatter* indicating that the radiocarbon dates are relia­
ble, at least in a relative manner with respect to the stratigra­
phy. If the dates were strongly influenced by the presence of 
" dead" (nonradioactive) carbon, one would not expect a 
systematic plot over such a wide stratigraphic range. ln 
Figure 27, where the significant stratigraphic events are 
shown against the chronostratigraphic plot, it appears that 
Emerald Silt, facies A deposits occurred from 46 OOO to 

0 .38 2.6 10. 2 
0 .70 l.4 13 .7 

32 OOO BP, facies B from 32 OOO to 14 500 BP, and LaHave 
Clay from 14 500 BP to pre ent. Emerald Silt, facies A shows 
an average sedimentation rate of 3. 6ml LOOOa, facies B; 
l.lm/LOOOa and LaHave Clay; l.lm/lOOOa. 

Laurentian Channel suite 

The Laurentian Channel suite of samples is composed of 
3 piston cores , only one of which is presented in thi s study. 
The remaining cores were collected in an area of intense 
iceberg furrowing which tended to di sturb the stratigraphy. 
Core 73-003-351 penetrated Emerald Silt facies B, and 
LaHave Clay. 

Lithology 

Emerald Silt, facies B , is characterized by weakly, 
rhythmically banded sandy mud with occasional gravel. The 
gravel is widely dispersed throughout the facies with several 
local zones of concentration. An average grain size distribu­
tion for facies B is 5% gravel, 20% sand, 35% silt and 40% 
clay. A slight increase in clay content together with a decrease 
in sand occurs towards the bottom of this facies. There is little 
evidence for bioturbation within facies B. The sand fraction is 
dominated by quartz and feldspar with minor amounts of 
lithic grains and occasional pyrite fragments and concretions. 
The biogenic component consisted of foraminiferal and 
ostracod tests. Many of the quartz grains showed secondary 
si lica overgrowth. 

*See footnote to section on Correlation of cores and radiocarbon dates , Gulf of Maine suite. 
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Figure 26. Huntec DTS type section profile from Emera ld Basin, Scotian Shelf. The core intervals 
have been shifted to a composite section away from the zone of till tongues. The positions of cores 11 
and 10 are less accurate as local unconformities and large distances made correlation difficult. 

The LaHave Clay is a bioturbated, sandy, silty clay 
typical of the type section found in Emerald Basin. The 
average textural analysis shows 6% sand, 32% silt and 61 % 
clay with less than 1 % gravel. Pyrite in the form of worm tube 
and crack fillings is common throughout. 

M icropaleontolo gy 

The Emerald Silt, facies B , shows a lower abundance of 
foraminifera than the LaHave Clay, and is dominated by 
Elphidium excavatum. The total abundance of foraminifera 
increases upwards in facies B from 103 to 104 . LaHave Clay 
shows an increase in planktonic foraminifera from less than 
5 to over 40% towards the upper part of the section, and a 
sharp decrease to 20% in Elphidium excavatum from 80% 
within the underlying facies B . Ostracods occur throughout 
the section in variable amounts. 

Correlation of cores and radiocarbon dates 

Figure 28 is a plot of the radiocarbon dates (Table 3) 
against the stratigraphic section at the core location shown in 
Figure 29 . Range bars in this case indicate only the analytical 
error for the age determination. The line of best fit was 
extrapolated downward to the top of the basal till. These data 
show that the Emerald Silt, facies A, was deposited from 

40 500 to 31 500 BP, facies B from 31 500 to 23 OOO BP and 
LaHave Clay from 23 OOO BP to the present. Both facies A 
and B show an average sedimentation rate of approximately 
0. 7m/1000a, and LaHave Clay shows a decrease to 
0.5m/1000a. The Laurentian Moraine, a major geomorphic 
feature of the Laurentian Channel area, was deposited at 
approximately 35 OOO BP. 

Grand Banks of Newfoundland suite 

The Grand Banks suite consists of a vibrocore, 75-
009-21 V, collected from Downing Basin in the central Grand 
Banks area, and 3 piston cores , 78-012-132, 78-012-223 and 
78-012-321 collected in outer Placentia Bay south west of the 
Avalon Peninsula. These samp les represent three strat­
igraphic formations , Emerald Silt, facies A and B, and 
LaHave Clay. Numerous grab samples of glacial till were 
collected along the shelf south of Newfoundland and in the 
Avalon Channel. Emerald Silt, facies A , was only sampled in 
core 75-009-21Y. Facies B occurs in cores 78-012-321 and 
78-012-223 , and LaHave Clay in cores 78-012-132 and 78-
012-223 . As a result of a major unconformity within the 
section at Placentia Bay, core 78-012-223 sampled LaHave 
Clay and the lower part of facies B . 
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Figure 27. Sedimentation curve based on 14C ages and seismostratigraphic analyses of 
Huntec DTS data for Emerald Basin , Scotian Shelf. Initial ice lift-off occurred at approximately 
46 OOO BP. Till tongues 2-9 were developed during deposition of Emerald Silt facies A. Till tongue 
4, the main tongue of the Scotian Shelf moraine complex, was deposited at 42 OOO BP. Near the 
top of Emerald Silt facies A the sedimentation rate decreased and remained more or less 
constant until 8000 BP. 
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renti an Channel. Initial ice lift-off began 
approximately 40 500 BP and the Lau­
rentian Moraine (see Fig. 35) was 
formed at 36 OOO BP. The sedimentation 
rate decreased during mid-Emerald Silt 
facies B deposition. 
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Figure 29. Huntec DTS type section profile from the Laurentian Channel at the proximal side of the 
Laurentian Moraine. Facies B, Emerald Silt is characterized by weaker than normal continuous 
coherent reflections. 
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Lithology 

The samples of till show a wide variation in particle size 
distribution. Samples from the western area contain an aver­
age of22% gravel, 53 % sand, 15% silt and 10% clay (Fig. 20). 
Samples from the Burin Moraine, western Placentia Bay, 
averaged 38% gravel, 37% sand, 20% silt and 5% clay. The 
former area is underlain by Pennsylvanian sandstone while 
the latter is flanked by metamorphic and volcanic rocks 
which probably accounts for the wide variations in textural 
composition. 

Emerald Si lt, facies A , from Downing Basin is a rhyth­
mically to wispily banded sediment ranging in composition 
from a muddy sand to a sandy mud. Gravel is virtually absent 
from core 75-009-21Y. The average number of couplets/m is 
approximately 40 , and there is no evidence for bioturbation. 
The textural composition averages 50% sand, 35% silt, and 
15% clay, with an increase in the sand content to 70% towards 
the bottom of the section. Minor gravel occurs near the base 
of the section. 

Emerald Silt, facies B, is a weakly rhythmically banded 
sediment which ranges from a gravelly to sandy mud. Core 
78-012-223 collected near the Burin Moraine, shows an aver­
age composition of 20% gravel, 15 % sand, 30% silt, and 35% 
clay, close to that of the nearby till. Core 78-012-321 from the 
eastern side of Placentia Bay is composed of I% gravel, 6% 
sand, 47% silt, and 46% clay. The sand fraction is again 
dominated by quartz and feldspar, with a small percentage of 
the quartz grains showing secondary growth. The biogenic 
component consists of foraminiferal tests. Shells were com­
mon in the core from the eastern side of Placentia Bay but 
were absent from the western core. 

The LaHave Clay is a strongly to weakly laminated 
sandy to si lty clay. The average textural analysis is 3% sand, 
47% silt, and 50% clay, with the clay content increasing 
towards the bottom of the section. This increase in coarseness 
at the top results from modem reworking. The sand fraction 
consists of quartz and feldspar fragments with foraminiferal 
tests. In the upper part of the section the foraminiferal tests 
account for more than 50% of the sand fraction. Lithic frag­
ments increase in abundance towards the bottom of the sec­
tion, and zones of pyritized worm tubes and crack fillings are 
common throughout. Zones of bioturbation are evident and 
shells are common throughout the section. 

Micropaleontology 

Emerald Si lt, facies A , from Downing Basin shows a 
moderate abundance (10%) of foraminiferal tests dominated 
by E lphidium excavatum . Planktonic foraminifera are 
absent from the bottom of the core but increase to over 10% at 
the top. Facies B from Placentia Bay shows a more or less 
constant foraminiferal total abundance of 102 throughout the 
core with Elphidium excavatum dominating. LaHave Clay 
shows an upward increase in total abundance from 102 to 103 

accompanied by a decrease in E lphidium excavatum from 
85 to 30%, and an overall absence of planktonics. 
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Correlation of Cores and Radiocarbon Dates 

Figure 30 is a plot of radiocarbon dates (Table 3) against 
the stratigraphy of the type locali ty shown in Figure 31 for 
Placentia Bay. This dates the deposi tion of facies A from 
29 500 to 28 OOO BP. The facies is represented acoustically in 
Figure 30 as a 2m section overlying basal till. The Burin 
Moraine which occurs to the west, interbedded with fac ies A, 
Emerald Silt, was formed during this time interval. Facies B 
dates from 28 OOO to 15 500 BP, and LaHave Clay from 
15 500 BP to the present. Both facies A and B and the LaHave 
Clay show a sedimentatio n rate of approx imately 
1.3m/l000a. 
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Figure 30. Sedimentation cu rve for Placentia Bay, New­
foundland, based on 14C ages and seismostratigraphic 
analyses of Huntec DTS data . In itial ice lift-off occurred at 
29 500 BP. By 27 OOO BP the Burin Moraine had developed 
and facies B was deposited. The sedimentation rate for 
Emerald Silt and LaHave Clay is similar. 
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foundland. Emerald Silt, facies A, is very thin, approximately 2m in thickness, and the LaHave Clay 
exhibits medium intensity continuous coherent reflections. A major unconformity occurs in core 223, 
hence the separation in sections sampled by the core. 

DEPOSITIONAL MODEL OF GLACIAL AND 
GLACIOMARINE FACIES AND THE ORIGIN OF 
TILL TONGUES, LIFT-OFF MORAINES, AND 
REGIONAL, SUBGLACIAL, ICE SHELF 
MORAINES. 

Through the interpretat ion of high resolution seismic 
reflection profiles of glaciomari ne deposits on the Scotian 
Shelf, Grand Banks of Newfoundland, and eastern Gulf of 
Maine, and the employment of a model for a marine ice shelf 
(Carey and Ahmad, 1961), we have developed a conceptua l 
model regarding the mechanism of deposi tion of glacial and 
glaciomarine sediments. The most informative profiles are 
those that exhibit boundary relationships between the various 
sedimentary facies and glacial features ; specifically, (1) in the 
area of till tongues which occur on the distal side of the 
prominent moraines on the inner Scotian Shelf (King et al. , 
1972), (2) in the area of till occurrences , including till 
tongues, on the periphery of the outer banks, 50 to 75km to 
the south of the moraine complex across Emera ld Basin , and 
at the same seismostratigraphic horizon with in the Emerald 
Silt as the till tongues, and (3) in the area of li ft-off moraines, 

which are of common occurrence on the surface of many of 
the till deposits. Our studies of the seismic reflection profiles 
from these areas and the compilation of maps (Fig. 3) to 
define sed iment distribution and depositional geometry not 
only serve as a source of ideas for depositional mechanisms 
and thoughts concerning the origin of these particular fea­
tures, but they enable us to discuss and evaluate the relevance 
of the Carey-Ahmad (1961) model to the offshore Wiscon­
sinan environment of southeast Atlantic Canada. 

Summary of Carey-Ahmad model 

Carey and Ahmad (1961) recognized the fo llowing envi­
ronments of sedimentation in relation to a glacier that extends 
to sea (Fig. 32). 
A. Terrestrial - where the base of the glacier is above sea 

level 
B. Grounded shelf - where the base of the glacier is below 

sea level but not floating 
C. Floating shelf - where the glacier is floating, the buoyancy 

line defines the boundary with the grounded she lf 
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D . Inner iceberg zone - from the ice-barrier to the limit of 
winter pack ice 

E. Outer iceberg zone - beyond the limit of pack ice but 
within limit of icebergs 

Whether a glacier is wet-base or dry-base is of impor­
tance since wet-base glac iers have a base at melting tem­
peratures which extends long distances back from the line of 
buoyancy, whereas a dry-base glacier has a base below melt­
ing temperatures landward from the buoyancy line. The wet­
base glacier differs from the dry-base glacier in that there is 
little surface indication of where the fl oating shelf touches 
down and becomes grounded, except for the presence of tidal 
cracking, within the ice. Buoyancy exerted by the sea reduces 
fricti on at the base of the ice shelf and causes thinning of the 
ice. On the other hand, the dry-base glacier experiences a 
sharp break in slope at the buoyancy line, increasing its 
thickness by a factor of four to five times in a landward 
direction. Their model indicates that melting is the most 
significant factor contributing to deposition from a marine 
glacier. 

Carey and Ahmad (1961) developed conceptual ideas 
regard ing the sediment types characteristic of each of the 
zones in both the wet-base and dry-base models by apply ing 
their model to the Permian glacial deposits of Tasmania. Wet­
base glaciers produce great thicknesses of unfossi l iferous till s 
in the grounded shelf zone. Some of thi s sed iment is trans­
ported to the floating shelf zone by bulldozing action to a 
foreset slope, forming beds of sand and mud interdigitating 
with the till. These give rise seaward to banded marine muds 
and silts transported by meltwater and turbidity currents. In 
contrast, the dry-base glacier, lacking meltwater, turbidity 
currents and foreset till flows , produces few tills , but yields 

A 
1000 .. . 

JOOO . . . 
1000 

marine pebbly mudstones and errati cs all of which are 
dropped through water. Reading and Walker (1966) applied 
the Carey-Ahmad model to the Eocambrian glacial deposits 
of Norway. Edwards (in Reading, 1978) later elaborated on 
the fac ies associations found in the marine glacial environ­
ment. 

Till tongues and their associated facies 

The occurrence, morphology, struc ture, and seis­
mostratigraphic relationships of till tongues with their associ­
ated facies were discussed in a previous section, and the 
present discussion is mainly concerned with the genesis of 
the features and an improved knowledge of the depositional 
mechanism of glacial and glaciomarine sediments. 

The stratigraphic relationships of the till tongue shown 
in Figure 5, where till overlies glaciomarine sediment, give 
the impression of an advance and retreat of the ice mass that 
depos ited the till. However, closer inspection shows no evi­
dence for a forward thrusting motion during a glacial 
advance; otherwise, the Emerald Silt underlying the tongue 
would show some indication of glaciotectonic deformation. If 
the ice depositing the massive till were to be in direct contact 
with the seabed, a condition which we think is essential for 
the formation of glacial till , and the sediment were to be 
derived through subglacial meltout, then the configuration of 
the till tongue could, for the most part, be formed by migra­
tion of the point of contact between the ice and the seabed. 
Horizontal migration of the ice- seabed contact would be 
controlled by a combination of several factors , for example 
changes in water depth due to variations in the topography of 
the seabed, by changes in the size and draft of the ice mass 
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Figure 32. Profile sections through dry-base (A) and wet-base (B) glaciers (after Carey and Ahmad, 1961). 
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itself, influenced by climatic conditions , and by changes in 
isostatic and eustatic sea level. During times of advance of the 
buoyancy line the ice would make contact with the seabed by 
vertical motion, touching down upon, rather than plowing the 
seabed. Till would be deposited behind, and glaciomarine 
sediment in front of, the lift-off point (buoyancy line) and, 
during a complete cycle of transgression and recession of the 
lift-off point, a wedge of till between underlying and overly­
ing layers of glaciomarine sediment wou ld be formed. These 
processes are represented diagrammatically in Figure 33 
which shows the sequential development of a moraine and 
associated till tongue, applying the concept that meltout 
debris from grounded ice is deposited through accretion at the 
seabed as glacial till. In the floating position the meltout 
debris is dispersed in the water column and deposited from 
suspension as glaciomarine sediment. 

Till tongues are typical features of the distal side of the 
moraine complex along its entire length from the Gulf of 
Maine to Placentia Bay, Newfoundland. We have also 
observed them on published seismic reflection profiles from 
Lake Michigan (Lineback et al., 1974) and MacLean and 
Josenhans (personal communication, 1983) have noted them 
on seismic profiles from the Baffin and Labrador shelves. 

1 

2 

3a 

3b 

They are probably of common occurrence in glaciomarine 
and glaciolacustrine deposits where short-lived advances or 
glacial surges have occurred. 

Additional information concerning the position of the 
subglacial surface of the ice with respect to the seabed and its 
control on sedimentation can be inferred from an inspection 
of the boundaries between the Emerald Silt and glacial till. 
Close examination of many seismic profiles shows that the 
Emerald Silt beds commonly grade laterally, interpenetrating 
the till over a large range of distances. For example, in Figure 
5 the transition from Emerald Silt to glacial till takes place 
over a di stance of approximately l.5km . That is from contin­
uous coherent reflections in the si lt, to an intermediate zone 
of discontinuous coherent reflections, ultimately to a zone of 
incoherent reflections in the massive glacial till. Along the 
upper surface of the till tongue (Fig. 5 , section A) some on lap 
occurs, but in addition several very thin beds of si lt terminate 
in the till where the transition occurs within several metres. 
Thus, the length of the transition zone can be highly variable, 
ranging from several metres to tens of kilometres. On the 
other hand, the vertical boundaries between the silt and till 
are relatively sharp ranging from the resolution limit of the 
system (approximately 0 .25m) to several metres. The nature 

3c 

/ll!//!ll/////!j 

4 
fS3] BEDROCK - TILL 

~ GLACIOMARINE El] ICE 

Figure 33. Diagrammatic model for the development of till tongues. Stage 1: ice sheet over bedrock. 
Stage 2 : development of basal ti ll. Stage 3a: floating ice shelf grounded at buoyancy line with 
depos ition of glaciomarine sediment beneath ice shelf. Stage 3b : migration of buoyancy line sea­
ward. Stage 3c : retreat of buoyancy line and deposition of glaciomarine sediment over till tongue. 
Stage 4 : total ice shelf development, no grounding. 
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and variability in scale of these vertical and lateral boundary 
relationships have been observed in numerous other occur­
rences at the distal side of the end moraine complex, and 
some are illustrated in Figures 7b, 7c, 11 , 12, 13 and 34. On 
the basis of these interpretations the position of the subglacial 
surface of the ice with respect to the seabed is critical in 
defining the sharp vertical contacts between the till and 
glaciomarine sediment. The sharp contact in the vertical 
section between the till and the glaciomarine sediments is the 
result of introduction or removal of the water column between 
the ice and the seabed. If the separation between ice and 
seabed is very small, the glaciomarine sed iments present may 
be influenced by tidal pumping and develop facies C Emerald 
Silt on a very small scale. 

In one instance a disturbance of the Emerald Silt under­
lying a till tongue was noted (Fig. 13) apparently arising from 
the partial erosion of a thin layer of the silt, and the depres­
sions were subsequently infilled with glacial till. The depres­
sions do not appear to be buried iceberg furrows; otherwise, 
their occurrence would extend beyond the edge of the till 
tongue. They may have been associated with irregularities at 
the base of an ice shelf as it grew and settled on the seabed. 
Once again, there seems to be no evidence for lateral motion 
of the ice with respect to the seabed. The fact that buried 
iceberg furrows were not observed beyond the feather edge of 
the till tongues , and indeed within the Emerald Silt in gen­
eral, constitutes evidence that the Emerald Silt was deposited 
from an ice shelf and not from calving icebergs. 

In some instances the glaciomarine unit grades laterally 
from well defined coherent reflections to a zone of mixed 
coherency (facies C) and back to continuous reflections ; the 
massive till development being absent. For example, in Figure 
10 north of the Fundian Moraine, such a transitional facies 
occurs as a 20 to 30m thick deposit, suggesting that the 
conditions which gave rise to the facies change were stable 
over a substantial period of time. Depth appears to be the 
controlling factor. The transitional facies (C) occurs in 
slightly shallower water. 

An inspection of the seismic profiles also shows differ­
ences in thickness of Emerald Silt and glacial till for a given 
depositional time interval. For example, in Figure 5, section 
C , at the feather edge of the till tongue, a stratigraphic interval 
of 3m in the Emerald Silt is represented by an increasing 
thickness of till towards the core of the moraine. The equiv­
alent thickness of till reaches a maximum of about 40m. The 
same relationship is also apparen t in many other areas. For 
example in Figures 12 and 13 till bodies are much thicker than 
their equivalent Emerald Silt. At this site we attempted to 
quantify the difference in sedimentation rates in till tongues 
and the adjacent glaciomarine deposits. This was accom­
plished by tracing the stratigraphic control established for the 
composite section of piston cores in Figure 26 along the 
seismic section of Figure 13 to a more proximal area where 
several till tongues occur in the section and greatly expand its 
thickness. Sedimentation rates at this site are approximately 
9m/ 1000a for the Emerald Silt and approximately 2lm/1000a 
for the glacial till of the till tongues. A rate of 33m/ IOOOa was 

estimated at the thickest section of till tongue number 7, but 
this is a short term rate and appears to be greater than the 
normal rate of till depositon. A sed imentation rate for the till 
in the moraine complex is estimated at 4 to !Om/IOOOa as 
opposed to an average rate of I to 2m/ 1000a for Emerald Silt, 
facies A, in the basins and farther afield from the marginal 
zone. 

Till tongues do not appear to form as a single cata­
strophic event as would be the case for a tongue of ftowtill. 
The interdigital relationship between the glaciomarine and 
till units indicates a progressive development over a period of 
time (Fig. 33), and the proximal increase in sedimentation 
rate is also in part responsible for the overall morphology of 
the till tongue. 

In some of the more atypical types of till tongues with 
irregular bases (Fig. 7b, 7 c and 34) the ice conformed to the 
shape of the seabed at the time of lift-off and maintained its 
characteristic shape throughout the period when the 
glaciomarine unit was being deposited. This suggests on a 
local scale that between the time of lift-off and subsequent 
grounding, the ice shelf remained pinned and did not experi­
ence major changes in subglac ial morphology. Further evi­
dence that the ice shelf was pinned arises from regional 
considerations discussed later. 

Multiple till sections on the outer shelf and their 
significance 

Seaward of the inner shelf moraine, till covers the bed­
rock surface of the shelf to, and probably beyond, the south­
ern extent of the DTS coverage. On the inner periphery of the 
outer banks and around the isolated banks within Emerald 
Basin, a second till (Fig. 34) overlies the continuous blanket 
and is separated by Emerald Silt of variable thickness. In 
most respects the relationship of this till to the Emerald Silt is 
simi lar to that of the till tongues on the moraine proper. It 
occurs at the same stratigraphic horizon in the Emerald Silt as 
does a till tongue 60km to the north on the Sambro Moraine 
(see Cross-section, Fig. 6b). The silt thins towards the shal­
lower central parts of the banks where the tills often coalesce. 
There is no evidence for g laciotectonics , and the previously 
described intimate boundary relationships between the Emer­
ald Silt and till, are maintained. This suggests that the buoy­
ancy of the ice, water depth , and basal melting are important 
factors in the depositional environment, as previously sug­
gested for the till tongues. 

Although icebergs and drift ice from a calving front 
could provide a mechanism for transport of glacial debris 
across Emerald Basin to the outer banks, such a mechanism 
could not be utilized to explain the distribution and nature of 
the contacts between the massive till and Emerald Silt, such 
as have been discussed under till tongues. The consistent and 
complete stratigraphic succession of the glaciomarine unit, 
the transitional interbedded contacts between the till and the 
glaciomarine unit. as well as the wedge-shaped morphology 
of the till body could not be explained by such a random 
process as ice rafting. Furthermore, there is no indication of 
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extensive ice-scour phenomena produced by grounded ice­
bergs. On the other hand, the concept of subglacial deposition 
from a pinned ice shelf extending across the entire Scotian 
Shelf, at times grounded on the banks and floating in the 
bas ins, could explain the continuity of glacial deposits 
observed on both the inner and outer shelves and account for 
the conformable nature of the lowermost section (facies A) of 
the Emerald Silt. 

The presence of the foraminiferal and ostracod 
assemblages observed in the piston cores of Emerald Silt 
(Fig. 17b to 17z, and Fig. 21) introduces certain restrictions to 
the ice shelf concept and must be taken into consideration. 
The foraminiferal assemblage grades from a rich and diver­
sified fauna at the top of facies B to a much poorer fauna at the 
base of facies A, dominated by Elphidium excavatum. This 
is indicative of a trend towards colder, less saline, and more 
shallow water conditions (Vilks and Rashid, 1976). In the 
underlying facies A, the practically monospecific 
assemblage of Elphidium excavatum gradually becomes 
even more sparse at its base. The relative abundance of 
foraminifera to ostracods fluctuates throughout the column, 
but no pattern was observed. 

From studies of Antarctic ice shelves it is often thought 
that, because of the attenuation of light by the overlying layers 
of ice, biological activity is restricted. In order to explain the 
fossil assemblage of a diamicton core sampled through the 
Ross Ice Shelf (Brady and Martin, 1979) postulated open 
marine water conditions, at least on a seasonal basis for the 
time of deposition. On the other hand, Arnaud (1975) 
believed that a typical Antarctic biota exists under any Ant­
arctic ice shelf because currents are surely present which 
could carry food. Lipps et al. (1977) concluded that the 
question of whether or not life can exist far from the open sea 
beneath the permanent ice shelves of Antarctica is unresolved 
because of the lack of critical evidence. 

Taking into consideration the possible constraints 
imparted by the fauna! data, we suggest the following possi­
ble sequence of events leading to the formation of multiple till 
sections on the outer banks. The occurrence of the lowermost 
till blanket at, or close to, the shelf edge shows that ice was 
probably grounded across the entire shelf and was probably 
laid down as meltout debris from the basal zone of an ice 
sheet. Thinning of the ice sheet during its recessional phase 
led to the development of a regional grounded ice shelf and 
the beginning of the major depositional phase. Further thin­
ning resulted in lift-off in the deeper basins accompanied by 
deposition of Emerald Silt conformable with the underlying 
till , and in places, bedrock surfaces. Development of a sparse 
benthic community was initiated at this time. Large areas of 
the ice shelf remained grounded on the banks , but we have 
not observed evidence, such as glaciotectonics or scouring 
and removal of section, to suggest that the grounded ice was 
dry-based and formed domes or local active ice sheets at this 
time. However, this does remain a possibility especially on 
the larger banks, but our present state of knowledge and 
seismic coverage is too incomplete to resolve this question. 
The floating ice shelf of the basin areas retreated to the basin 
perimeters with open water conditions in the centre of the 
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basins allowing the development of an abundant fauna! 
assemblage in the glaciomarine sediment and a concomitant 
deterioration of the conformable style of sedimentation in the 
upper part of the Emerald Silt. 

Further evidence in support of this general framework is 
discussed in the following section on depositional environ­
ment, and we will also return to the discussion of a regional 
ice shelf and its control on the development and distribution 
of "regional, subglacial, ice-shelf moraines" using evidence 
from a broader area of the continental shelf. 

DEPOSITIONAL ENVIRONMENT OF THE 
GLACIAL AND GLACIOMARINE SEDIMENT 

In our interpretation of the depositional environment 
and assessment of the Carey-Ahmad model, the interface 
between the glacial and glaciomarine sediments is thought to 
have formed in the zone where the wet-base ice shelf became 
buoyant. The character of the interface varies from large scale 
interfingering of till (till tongues) and Emerald Silt, to grada­
tional changes expressed as an interpenetration of units, to an 
abrupt relationship where the contemporaneous units abut 
and show no evidence of onlap. The rhythmically banded 
glaciomarine unit (Emerald Silt) may extend for hundreds of 
kilometres distally from the marginal zone where the glacial 
and glaciomarine units interface. 

From our interpretation of the seismic profiles in the 
marginal zone (area of the buoyancy line) we infer that the 
massive till, represented by the seismostratigraphic unit 
characterized by incoherent reflections, was derived from 
subglacial meltout debris from a neutral to negatively buoy­
ant active ice shelf in direct contact with the seabed. Ander­
son et al. (1980b), from a study of Antarctic sediments 
involving deposits from grounded ice, also reasoned that it is 
difficult to envision sedimentation of marine glacial ti ll fro m 
floating ice even in totally quiescent water. 

Seismic interpretation of profiles from the marginal 
zone and distal to this critical zone, suggests that the 
glaciomarine unit , represented by the seismostratigraphic 
unit characterized by repetitive continuous coherent reflec­
tions with occasional point source reflections (dropstones), 
was also derived from subglacial meltout debris. The debris is 
thought to have settled to the seabed from a floating active ice 
shelf through a water column of variable thickness , to form 
highly conformable banded deposits which mimic a highly 
irregular substrate over very broad areas. 

A transitional unit representing the gradational areas 
between the till and glaciomarine units of the marginal zone 
is characterized by discontinuous coherent reflections. It is 
inferred to have been laid down by subglacial meltout from an 
active ice shelf in close proximity to, and periodicall y in 
direct contact with , the seabed. 

Within the marginal zone Carey and Ahmad (196 1) 
postulated the formation of a foreset deposit composed of till, 
slumped till or fl owtill, interbedded with meltwater outwash 



si lts, and lami nar, rhythmic si lts and clays. Edwards (in 
Reading, 1978) described such a marginal facies association 
as consisting of random laminae with dropstones, suba­
queous outwash, and basal till. We tend to place less emphasis 
than Carey and Ahmad, and Edwards, on sed iment bulldoz­
ing action by the ice, slumping and the formation of flowtills 
and turbidity currents to explain rhythmic bedding in the 
glaciomarine unit. Although these processes may be impor­
tant on a local scale we do not recognize large scale glaciotec­
tonics. The conformable character of the banded Emerald Silt 
over very broad areas of varying relief precludes a turbidite 
origin. 

Sediment source 

In our model of deposition of glac ial and glaciomarine 
deposits, meltout debris is assumed to have originated from 
the basal and englacial debris zones of an active ice shelf. 
This material was presumably entrained through scouring 
processes by a thick proximal ice sheet moving across present 
terrestrial and shallow marine areas, and possibly some was 
derived locally on the bank areas of the shelf, especiall y if ice 
domes did exist. Although the amount of debris carried by an 
active ice shelf has been generally assumed to be small as 
indicated by observations of Antarctic ice by Odell ( 1952) 
and Warnke ( 1970), more recent observations by Anderson et 
al. (1980a) on sediment-laden icebergs suggest that the for­
mer observations may have underestimated the quantity of 
transported debris. Anderson et al. (1980a) recorded basal 
debris zones up to !Sm thick on several icebergs calved from 
the Antarctic ice shelf. Sedimentation rates measured in the 
Weddell Sea range from 0. 0 l ml !OOO a on the she If to 0. 02 to 
0.07m/1000a for the outer she lf and upper continental slope 
(Orheim and Elverh~i, 1981). 

Modelling studies of the Brunt and Ross ice shelves by 
Drewry and Cooper ( 1981) suggest that ice shelves are of 
major importance for sedimentation on the continental shelf, 
especially in the grounding-line zone. Due to relatively thin 
basal debris zones, their model indicates that sedimentation 
is highly sensitive to melting rate. Strong melting close to the 
grounding line for instance, may remove all debris from the 
ice within the first few tens of kilometres of the ice shelf. The 
effect of basal freezing prior to complete release of sediments 
is to shift the area of deposition farther along the flow line of 
the ice shelf. They predicted sedimentation rates as high as 
Im/a at the grounding line tapering to zero within a distance 
of 30 to 50km. 

The Antarctic studies indicate a wide variation in the 
amounts of debris entrained in an ice shelf, some of which far 
exceed the amounts in the Scotian Shelf ice shelf required to 
explain till and glaciomarine thicknesses which we describe. 
The ice shelf covering the Scotian Shelf proper was probably 
present over a period of approximately 14 OOOa during depo­
sition of facies A (Fig. 27) before it began to disintegrate 
during fac ies B deposition. As previously stated, we estimate 
average rates of till deposition during the formation of the 
moraines of 4 to lOm/ lOOOa and short term rates of 20 to 

30m/1000a in some of the till tongues. For the Emerald Silt, 
facies A, we recognized a pronounced sedimentational gra­
dient from l to 2m/ IOOOa in the basin to 9 to lOm/ lOOOa in the 
marginal zone, over a distance of approximately 30km. 

The steep sedimentational gradient for the marginal 
zone suggested by Drewry and Cooper ( 1981) would lead to a 
disproportionate distribution of till versus glaciomarine sed i­
ment for the Scotian Shelf. Of most significance is the fac t 
that such gradients can be demonstrated beneath both mod­
em and ancient ice shelves. The above observations also 
provide credibility to the assumption that a subglacial meltout 
source from a floating ice shelf can produce sufficient debris 
to reasonably account for the glaciomarine section on the 
Scotian Shelf, given sufficient time. 

Origin of rhythmic bands 

Rhythmic bands are best developed and preserved in 
facies A of the Emerald Silt and thus their discussion will be 
limited to this facies. The sedimentological periodicity we 
describe is similar to descriptions of cores for example, from 
Kaipokok Bay, Labrador (Kontopoulus and Piper, 1982), to 
the glaciomarine Presumpscot Formation (Bloom, 1963), to 
the Permian section of Tasmania (Carey and Ahmad, 1961), to 
accounts of early Paleozoic and Precambrian sections 
described by Reading (1978), and to the Proterozoic Toby 
Conglomerate of British Columbia (Aa lto, 1971). The wide­
spread occurrence and similarity between deposits of all ages 
suggests that relatively few processes lead to their formation. 

From our earlier description we know that the banding is 
related to the alternate layering of silt and clay (Fig. 17b to z), 
and is well defined on the X-radiographs. Typically, the 
individual bands of silt and clay range from I to 3cm thick­
ness with some fluctuation in thickness between the si lt and 
clay for any given couplet. All boundary relationships are 
sharp and it is quite common to observe pyrite concretions at 
the top surface of the silt layers. At times the si lt layers are 
laminated and it becomes more difficult to define distinct 
couplets and obtain a precise count of the number of cycles/m 
of core. 

The above and earlier descriptions appear to be charac­
teristic for periodic deposition from suspension under 
extreme quiescence. Each couplet appears to represent a short 
period of sediment influx and fall out, with settling times 
sufficiently slow to allow sorting of the silt and clay fractions. 
The uniform seismic character of high amplitude, regularly 
spaced reflections of facies A throughout the basins, the 
maintenance of their conformability across irregularities on 
the substrate, the uniformity of depositional style observed in 
cores from different areas of the basins , and the lack of 
evidence for any current activity especially at the sediment­
water interface, suggest that the periodic influx of sediment 
originated from a blanket source directly above the deposi­
tional interface. All the above characteristics are compatib le 
with the model of deposition by subglacial meltout from a 
floating ice shelf, but the cyclical style remains to be 
explained. 
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We suspect that the periodicity may be related to short 
term fluctuations in the ice shelves associated with such 
deposits , and one likely mechanism is repeated freezing and 
thawing at the subglacial surface of a floating shelf. Carey and 
Ahmad (1961) recognized both frozen base and melting ice 
shelves in their models and Drewry and Cooper (1981) sug­
gested how basal freezing prior to complete release of sedi­
ment from the subglacial surface could control sedimentation 
rates around grounding-line zones. A delicate balance 
between freezing and thawing over broad areas of the sub­
glacial surface could give rise to cyclical variations in the 
release of sediment from the ice shelf. Also, during the 
freezing stage, time would be provided for regeneration of the 
sediment load entrained in an active ice shelf. Fallout from a 
plume generated from underflows at the buoyancy line 
(Mackiewicz et al., 1984) may be an alternate explanation; 
however, this would not explain the widespread distribution 
of the coarse clasts which are commonly associated with the 
glaciomarine sediment. Possibly the gravel is a bimodal 
component introduced directly above from the subglacial 
surface. 

A quantitative estimate of the eye! ical period was 
obtained from a count of the total number of cycles in the 
composite section of piston cores using the data of Figure 26 
and Table 4 . Because of the subjective element in identifying 
some individual cycles, we express the total count as a range 
between extreme maximum and minimum totals, or 1664 to 
2704 cycles for the entire section. Facies A represents 
approximately 14 OOO years of sedimentation (Fig. 27) which 
gives a cyclical period of 5 to 8 years. A period of this order 
may be related to sunspot activity. 

Origin of facies A, B and C in Emerald Silt 

From the previous discussions of till tongues and the 
origin of rhythmic bands , much has already been said about 
the origin of facies A. The interface between the glacial and 
glaciomarine sections is restricted to this facies , both are 
subglacial in origin, both are derived from subglacial 
meltout, and the basic difference in mode of origin is their 
respective formation from grounded and floating ice shelves. 
It is also important to note that facies A is time transgressive 
following the retreat of the buoyancy line to the nearshore. For 
example, most of our observations were made on the Emerald 
Basin section which was deposited between 46 OOO and 
32 OOO BP. Younger sections occur in the Gulf of Maine, 
associated with the Fundian Moraine, covering the respective 
period 38 500 to 26 OOO BP, and the Truxton Moraine 
approximately 17 OOO BP. 

We have also suggested that the cyclical sedimentation 
pattern was formed from a blanket, subglacial, sediment 
source controlled by repetitive freezing and thawing. The 
depositional gradient across the marginal zone could possi­
bly arise from lateral variations in meltout rate from a blanket 
source. On the other hand, the gradient could be influenced to 
some degree through proximity to local subaqueous sources 
at the buoyancy line; however, we do not envisage a dominat­
ing influence by subaqueous outwash. The main reason for 
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differences in sedimentation rate between the glaciomarine 
sediment and the till may be the fact that the latter was 
deposited in greater confinement between the ice and the 
sediment interface and less material was lost by dispersion 
through plumes in a water column. 

In facies B of the Emerald Silt the evidence for deposi­
tion by floating ice is still strong, as indicated by the presence 
of dropstones and smaller clasts , and the presence of a cold 
water but more diversified and abundant fauna. In contrast 
with facies A, Emerald Silt, the degree of bioturbation 
increases upward through the section in sympathy with the 
changes in fauna! assemblage. A stronger degree of lamina­
tion in the silt bands also develops indicating a stronger 
influence of bottom currents and possibly waves. Barrie and 
Piper (1982) argued for waves, not currents, to explain sim­
ilar unconformities from Makkovik Bay, Labrador. Current 
influence is also indicated by the seismostratigraphic rela­
tionships evident in the basins. This is expressed as a trend 
towards thinning of the section on the local topographic highs 
and in some areas the development of a pronounced basinal 
unconformity (Fig. 9). Most of these changes appear to sug­
gest more open water conditions and transformation from a 
floating ice shelf environment to one dominated by drifting 
ice; that is , a change from glacial to proglacial conditions. 
These conditions extended over a period of approximately 
16 OOO a for the main area of the Scotian Shelf. 

Facies C, Emerald Silt is regarded as a transitional facies 
between facies A and glacial till. As indicated earlier, it is 
limited in areal extent to the marginal zone and is generally 
recognized on the basis of seismic interpretation alone. Only 
one core was obtained from the facies, core 76-016-6 from the 
Gulf of Maine. In this core the beds are either strongly 
laminar or wispy, and are often inclined, which may be related 
to current influenced deposition. We interpret the facies as 
subglacial which formed during intermittent contact between 
the ice and seabed, accompanied by strong currents which 
were probably generated by tidal pumping. Our example 
occurs late in the history of events on the shelf as the glacial 
environment receded landward. This possibly accounts for 
the increase in abundance of foraminifera in core 76-016-6, 
well above the normal abundance generally found in facies A 
to which it is most closely related. The occasional occurrence 
of sand layers in several of the cores could be accounted for by 
local environments similar to those suggested for facies C. 

LIFT-OFF MORAINES 

A discussion of the occurrence and distribution of dis­
crete hummocks at the surface of blanket till deposits was 
introduced earlier and the features were referred to as lift-off 
moraines (Fig. 8, 15 , 16a, b). Their distribution is shown in 
Figures 6a tog and 16a and b, and the descriptive details on 
morphology and scale are discussed under seismostratigra­
phy. The features are generally buried by Emerald Silt which 
mimics their morphology, but they are sometimes exposed at 
the seabed where the sidescan sonograms (Fig. 8, 15) reveal 
their true morphology as ridges. A recent sidescan mosaic 



and seismic survey in the Strait of Belle Isle shows a detailed 
depositional pattern of lift-off moraines exposed at the sea­
bed (J. Y. Guigne and E.L. King, personal communication 
1983). Their trends, shape, and size are similar to occurrences 
on the adjacent Newfoundland shore mapped by Grant 
(1970). 

The seismostratigraphic relationships between the till 
cores of the ridges and the adjacent Emerald Silt show that the 
Emerald Silt and till are contemporaneous , and over very 
short distances the silt beds grade into, and interfinger with , 
the till at the flanks of the ridges. The internal structure of the 
ridges is generally incoherent and well contrasted against the 
Emerald Silt, but in some cases the ridges are moderately 
well stratified and some of the individual reflections match 
and are continuous with major reflections in the Emerald Silt 
(Fig. i6b). Unfortunately, there is no sample data to aid our 
interpretation and provide better information on the sediment 
texture of the ridges. 

The similarities between lift-off and De Geer moraines 
is striking. The latter, however, are defined as annular ridges 
while the former appear to form simultaneously in groups or 
fields and probably require a much longer period for their 
complete evolution. Sugden and John (1976) described De 
Geer moraines as a succession of discrete, delicate, narrow 
ridges ranging from short and straight to long and undulating, 
and sometimes with crossribs. The ridges are seldom more 
than 15m high, and they may be regularly spaced up to 300m 
apart. They are occasionally steep-sided and are made of 
variable till with a capping of subangular and subrounded 
boulders and are best developed in broad open depressions. 
Lenses of sand and other stratified waterlain deposits may 
occur in the ridges, and varved sediments occasionally lie in 
the intervening depressions, supporting the idea that De Geer 
moraines developed beneath ice which was grounded in deep 
water. 

Our seismic control over areas of buried lift-off mor­
aines is too sparse to provide a spatial description of the 
features, but two very detailed surveys from the South Fladen 
area and the Norwegian Trench of the North Sea provide good 
examples of the true morphology of the moraines (M . 
Hoveland and A. Judd, personal communication, 1983). By 
correlation between adjacent closely spaced seismic lines 
they demonstrate the existence of linear furrows and ridges. 
Their ridges correspond to the features we describe in seismic 
section as lift-off moraines. Also, the morphological patterns 
which they mapped are similar in appearance and scale to our 
descriptions. 

Origin 

Our opinion regarding the general depositional environ­
ment is that the lift-off moraines are subglacial, recessional 
features, for the following reasons: (I) they always occur at 
the top surface of the till deposits , (2) fields of lift-off mor­
aines are remarkably well preserved over thousands of square 
kilometres and could not have survived regionally during a 

glacial advance, and (3) the ridges were deposited contempo­
raneously with glaciomarine beds between the ridges and are 
generally overlain conformably by later glaciomarine beds 
(Fig. 16b). This typical succession is thought to develop as a 
grounded ice shelf lifts off the seabed. If the conformable 
succession of glaciomarine beds above the moraines is thick, 
the implication is that the ice shelf remained pinned for an 
extended period after lift-off. If the succession is thin, the 
shelf probably disintegrated shortly after lift-off and the mor­
aines probably formed closer to the ice-frontal position. The 
latter category would be more readily observed on land 
because of the surface morphological expression. Also, the 
near-surface moraines are probably of more common occur­
rence on the emerged land areas, having formed at a later 
stage of the recession when the ice shelves were less exten­
sive and the ice- frontal positions were receding at a faster 
rate. Conversely, the more deeply buried moraines are proba­
bly more common in the deeper basins of the continental 
shelf. 

Ideas regarding the mechanism of formation of the lift­
off moraines can also be obtained from an interpretation of 
the seismic profiles. The intimate and highly contrasting 
sharp relationships between the till and Emerald Silt between 
the ridges is repetitive over large areas, and most likely were 
controlled by very abrupt changes at the interface between the 
subglacial surface and the seabed. We again suggest that such 
changes were most readily achieved through a condition 
whereby the proximity of the base of the ice shelf to the 
seabed was the critical factor in determining whether till or 
Emerald Silt was deposited from the subglacial meltout 
debris. 

The depositional pattern of the lift-off moraines leads 
one to think in terms of structural control to form long 
subparallel ridges. It is difficult, however, to conceive of a 
pushing mechanism whereby the till ridges could develop 
without some evidence for deformation in the glaciomarine 
sediments between the ridges. A more plausible explanation 
may be achieved by imparting a structural control to the 
ridges through mechanisms involving features in the overly­
ing ice, for example fractures at the base of the ice or other 
structural features such as keels. 

In discussing basal melting and the creation of sub­
glacial meltout tills , Sugden and John (1976 , p. 222) wrote 
the following " . ... . . . a special circumstance is the controlled 
provision of geothermal heat (Mickelson, 1971). This heat is 
largely responsible for the basal melting process where there 
is little ice movement and it may cause the very gradual 
sedimentation of ' ideal' melt-out tills. On the other hand, a 
new set of special circumstances is encountered which might 
disturb the till structure. Where a glacier is stagnant, the 
geothermal heat flux can cause melting upwards through the 
basal ice layers. As long as the meltwater created can be 
expelled laterally, the annual layers of melt-out till , as they 
accumulate, will retain more or less the fabric characteristics 
of the dirty parent ice. However, this is a delicate equilibrium 
situation which is all too easily disturbed. If melt water is not 
evacuated efficiently, the melt-out till can become saturated 
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and lateral ftowage will occur under the pressure of overlying 
ice. If lateral ftowage is impeded, then injection features may 
well be created in the till mass (Hartshorn and Ashley, 1972). 
If the water accumulates and cannot escape the ice surface 
will 'lift-off' from a small part of the till surface. This will 
create a basal cavity, and further particles released from the 
ice will be dropped onto the till surface, perhaps with the 
creation of a new fabric (Marcusson, 1973)". 

In light of the above discussion it seems possible that 
fractures in the ice could be created as a result of the basal 
melting processes and the ice fractures could control the 
depositional pattern of the till ridges. For example, in a 
situation where a receding ice shelf is approaching a state of 
lift-off, till would be accreted at its point of contact with the 
seabed, and it is assumed that the meltwater would be evacu­
ated through the process of lateral seepage. If for some 
reason, such as a local increase in the rate of basal melting, 
the capacity of the discharge system were to be exceeded, 
then the resulting accumulation of water would cause the ice 
surface to lift off from a portion of the underlying till surface. 
Stress fields would be induced within the ice leading to 
structural failure. Meltwater could escape through the frac­
tures allowing the ice to remain in contact with the seabed and 
result in till deposition to form linear morainic ridges. Pre­
sumably, stoping could occur along these crevasses and 
induce an even greater rate of till deposition. Pinching pro­
cesses along the fractures could be active and contribute to 
the ridge-forming process. In areas between the fractures the 
ftowage of meltwater could be impeded and allow for the 
creation of basal cavities in which stratified sediment could 
be deposited. 

Another cause for the formation of multiple, long, 
straight fractures in ice is from tidal movements in the ice 
along the buoyancy line of ice shelves (Carey and Ahmad, 
1961). This could allow a time transgressive development of 
till ridges as lift-off progressed around the periphery of broad 
depressions during a general recession. Also, seismic activity 
accompanying local fracturing and faulting of the bedrock 
caused by glacio-isostatic adjustments during recession 
(Mamer, 1978), may have created fractures in the ice. An 
important consideration in favour of multiple ice fracturing is 
that they allow for the simultaneous development of fields of 
moraines as opposed to an annular development at individual 
ice fronts. 

REGIONAL, SUBGLACIAL, ICE SHELF 
MORAINES 

The distribution of till in the Laurentian Channel is 
similar to that of Emerald Basin, in that the lowermost part of 
the till section blankets the bedrock surface while the upper 
part is less continuous and only occurs along the edge of the 
channel and over bedrock high areas in the central part of the 
channel. These relationships result in a thickening of the till 
in the central part of the channel which we refer to as the 
Laurentian Moraine, and interpret as a regional, subglacial, 
ice shelf moraine. Emerald Silt, contemporaneous with the 

upper section of till , occurs in the deeper parts of the channel 
and is interbedded with till at the edge of the moraine and 
along the edge of the channel at a water depth of approxi­
mately 400m. The relationships between the till and Emerald 
Silt are illustrated in Figure 35, and are simi lar to those found 
along the periphery of the outer and central banks on the 
Scotian Shelf. 

Similar occurrences of regional, subglacial, ice shelf 
moraines and associated glaciomarine deposi ts are found on 
the central Grand Banks in Halibut Channel, Haddock Chan­
nel, Avalon Channel, Whale Deep, and Downing Basin. Fig­
ure 6e to g shows that they are all seaward of the inner shelf 
moraine off Burin Peninsula. Some of these occurrences are 
outliers and have an unconformity at their surface (Fig. 36). In 
most other areas of the Grand Banks the entire glacial and 
glaciomarine section was removed by the Late Wisconsinan­
Holocene transgression and only thin sands and gravels cover 
the Tertiary bedrock surface (Fader and King, 198 1). 

The evidence seems to indicate that relatively th ick and 
widespread moraines can be formed beneath ice shelves. The 
water depth in which these occur req ui res that the ice shelves 
were of the order of 200 to 500m thick and fo rmed on a 
regional scale during the recessional phase of an ice sheet 
which extended to the shelf edge. Moraine formation appears 
to have been controlled to a high degree by basal melting, 
water depth (which was a function of topographic config ura­
tion and glacio-isostatic conditions), and ice thickness. The 
fact that these moraines occur on a regional scale and within a 
given basin at approximately the same stratigraphic level, 
suggests that the ice shelves were of re latively uni fo rm thick­
ness over large areas. 

Our past thoughts (King et al. , 1972) regarding the 
origin of the principal moraine complex along the inner shelf 
were that it formed near the margin of a thick ice sheet, 
possibly along a buoyancy line associated with water depth , 
and that the till was derived from basal debris accumulating at 
a more or less stationary ice-frontal pos ition. Glaciomarine 
deposits along both the distal and proximal sides of the 
moraine were thought to have been laid down later in an onlap 
relationship with the till. Examination of the radiocarbon 
dates and the newly acquired high-resolution seismic data, 
suggests that this is not the case; rather, some of the 
glaciomarine deposits at the proximal side, are contempo­
raneous with the distal side deposits wh ich are interbedded 
with the till. In other words , it appears that at least some of 
these moraines were formed by grounded ice with a fl oating 
ice margin at both the distal and proximal sides. On the 
proximal side, the glaciomarine sediments grade to till much 
more abruptly, and the interbedded relationship generally is 
not conspicuous except in areas where the slope of the till 
surface is moderate. The slope of the moraine surface gener­
ally is much steeper on the proximal side and the boundary 
between the till and glaciomarine sediment did not migrate 
laterally over large distances to produce ti ll tongues and 
prominent interbedded and gradational re lati onships as 
observed on the distal side. This is ill ustrated in Figure 5 at 
the 10 to I !km mark along the section where the 50m section 
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of Emerald Silt terminates abruptly against the till on the 
proximal side of the moraine. Age determinations on cores 
from both sides of the moraine indicate that the distal and 
proximal sections of Emerald Silt are contemporaneous. and 
that the densely stratified band through both sections is 
approximately 26 OOO years old. 

From the foregoing discussion it is suggested that the 
main Scotian Shelf moraine complex is also a regional , 
sub glacial, ice shel f moraine, its general location having been 
largely determined by water depth with local control 
imparted by topographic highs at the incipient stage of forma­
tion. As the feature grew in height it was in a sense selfper­
petuating, prolonging its period of growth through continued 
direct contact with the subglacial surface of the ice. As 
suggested earlier, the rate of deposition of the till was faster 
than the adjacent glaciomarine sediment, and this would also 
tend to extend the duration of contact between the ice and the 
seabed and further enhance growth of the moraine. 

If the Scotian Shelf end moraine complex is indeed a 
regional, subglacial, ice shelf moraine, the idea constitutes a 
significant step towards better integration of the glacial his­
tory of the offshore and onshore areas. It enables a reasonable 
correlation of Middle Wisconsinan outlier deposits of 
glaciomarine origin exposed in coastal sections with the 
Emerald Silt section offshore, providing a better understand­
ing of the land deposits which in the past have been inter­
preted as representing int~rstadial events. Emerald Silt of an 
equivalent age to the moraines occurs along deeper water re­
entrants landward of the moraine (Fig. 6b, c and d) bringing it 
in much closer proximity to the glaciomarine outliers on 
land. Earlier ideas regarding the moraine as a deposit formed 
at the frontal position of an ice sheet obstructed attempts to 
make such correlations. 

Other implications of the regional, subglacial, ice shelf 
moraine concept are that it provides the opportunity to (I) 
significantly refine our thoughts regarding the nature of 
marine ice margins, (2) recognize their influence on the 
distribution and stratigraphic style of the marine deposits 
which appear to have both the horizontal and vertical compo­
nents of their stratigraphy well expressed and developed, and 
(3) recognize their control on the timing and extent of glacio­
isostatic adjustments along the continental margin. The sig­
nificance of these statements will be clarified and elaborated 
upon in the following sections. It should also be mentioned 
that regional, subglacial, ice shelf moraine is a descriptive 
designation, employed to help embrace and consolidate sev­
eral concepts; it is not intended as a permanent name. 

GEOLOGICAL HISTORY 

In this section we discuss the sequential development of 
the glacial history of the continental shelf, using our con­
ceptual model to help describe the ice and sedimentational 
environments. The chronological framework is based on the 
correlation of the radiocarbon dates with the succession of 

significant events in Figures 24, 27, 28, and 30 and sum­
marized in Table 5 . We will also attempt to integrate the 
glacial history offshore with chronostratigraphy on land, and 
discuss the major events on land. 

Model Application to Glacial History 

Figure 37 is a diagrammatic representation of the infer­
red environmental history of the Scotian Shelf at five critical 
stages of its development. The section is oriented north-south 
across the type area in the Country Harbour Moraine, Emer­
ald Basin area, and extends from the terrestrial zone to the 
edge of the continental shelf. The major physiographic divi­
sions are indicated at the top of the diagram and are controlled 
by the shape of the bedrock surface. The small depression in 
the bedrock surface at the boundary of the inner shelf and 
Emerald Basin immediately north of the moraine has par­
ticular significance in that it represents the westernmost 
extension of a large re-entrant along the south coast of Cape 
Breton Island and approaches to Chedabucto Bay. Events 
depicted in the small depression at the various stages of 
evolution indicate on a small scale the depositional environ­
ment in the re-entrants north of the moraine. Figure 37, stage 
1, covers a period prior to approximately 50 OOO to 46 OOO 
BP as indicated by extrapolation of the radiocarbon dates of 
Figure 27 to the blanket till deposits at the base of the section. 
Based on correlations with the general chronostratigraphy on 
land, as well as with the North Atlantic stratigraphy, stage l 
may have begun as early as 70 OOO BP. Our seis­
mostratigraphic interpretation indicates that there are no pre­
vious glacial deposits older than the Middle and Upper 
Wisconsinan recessional deposits which we have described 
and which occur as a complete, undisturbed section over 
many thousands of square kilometres. It seems reasonable to 
assume that earlier glaciations would have deposited similar 
recessional success ions on the shelf, but the fact that they are 
not in evidence, except for the possible existence of 
undiscovered outliers, strongly suggests that such deposits 
were essentially removed by erosion during the last major 
glacial advance. Therefore, it is suggested that during stage l 
the shelf was covered by a dry-base continental ice sheet 
which probably extended to the shelf edge. This event, up to 
the time of recession, appears to have been dominantly ero­
sional except for the possible deposition of a thin layer of 
basal till at the base of the section overlying bedrock, and for 
subglacial deposition at the margin of the ice sheet, at the 
con tinental slope. The presence of a thick ice sheet on the 
shelf was undoubtedly accompanied by extensive isostatic 
depression of the crust; however, this isostatic influence is not 
incorporated into the diagrammatic presentation because of 
the lack of information on its nature and extent. Increasing 
water depths, because of the isostatic influence, would have 
initiated a trend towards thinning of the ice sheet and this 
effect, together with the beginning of glacial recession, 
would have led to the development of wet-based glaciation 
and lift-off in the deeper areas of the shelf. 

The early recessional stage, stage 2, probably occurred 
at about 50 OOO to 45 OOO BP (Fig. 27), and represents the 
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period of deposition of the uppermost part of the blanket till, 
the development of the lift-off moraines at the top surface of 
this early till , and the very early glaciomarine sediment 
between the morainic ridges. The presence of the lift-off 
moraines and our suggested mechanism for their develop­
ment leads us to think that the till represents the early deposi­
tional phase of the type area and that it is not an eatlier till of a 
previous glaciation of the shelf, although it may include some 
basal till deposited during the advance. Further evidence 
comes from the fact that the conformable beds of 
glaciomarine sediment immediately overlying the lift-off 
moraines can be traced on the continuous seismic profiles to 
the distal side of the moraine complex where they are inter­
bedded with the lowermost till of the moraine. At this time of 
early recessional deposition in the basins of the Scotian Shelf, 
deposition of glaciomarine sediment probably continued 
beyond the shelf edge, but the ice remained grounded on the 
bank areas. Limited biological activity in the basins was 
initiated during or immediately following this stage. 

Stage 3 represents the period between 45 OOO and 
32 OOO BP (Fig. 27) during deposition of the Emerald Silt, 
facies A , section. It should be apprec iated that facies A is 
time transgressive and that the present discussion only per-

tains to the basins of the Scotian Shelf. During the early part 
of this stage the recess ion reached a maximum . The Scotian 
Shelf moraine complex was beginning to develop as a major 
feature and remained in contact with the ice shelf in accor­
dance with our model throughout the period. The greater part 
of stage 3 was characterized by minor surges and retreats of 
the buoyancy line. This oscillation created till tongues along 
the main moraine, as well as at the periphery of the outer 
banks. Glaciomarine deposition was continuous in the basins 
throughout this stage and was characterized by the con­
formable style and cyclical pattern of sedimentation. Sedi­
mentation rates ranged from lm/lOOOa for the Emerald Silt to 
4m/ lOOOa for the till , with respective rates as high as 10 and 
30m/ lOOOa over short periods. The fauna! abundance 
remained at a low but more or less constant level. It appears 
that the ice shelf maintained its integrity throughout the 
period, grounded as wet-base ice and depositing till over the 
banks for at least part of this stage, and as a floating, active ice 
shelf across the basins. The larger banks may have sustained 
local ice domes with dry-base ice for periods during this 
stage, accompanied by local erosion on the banks and draw­
down to the basins; and this would have contributed to sedi­
ment supply in the basins and beyond the continental shelf 
edge. Landward of the main moraine, the blanket till , lift-off 

Table 5. Chronology of events and thickness (in metres) of sediments 

OFFSHORE SOUTHEASTERN CANADA 

Laurenti an Placentia 
Event Gulf of Maine Emerald Basin Channel Bay 

lee sheet lift off, lift-off moraine 
development 38 500 46 500 40 500 29 500 

Till tongue and moraine 31 OOO- Tongues 35 OOO 28 500 
development 26 500 2-9 

44 000-34 500 
Tongue 4, main 

moraine complex 
-42 OOO 

Emerald Silt 38 OOO- 46 OOO- 40 500- 29 500-
facies "A" 26 500 32 500 31 500 28 OOO 

Emerald Silt 26 500- 32 500- 31 500- 28 OOO-
facies " B" 13 500 16 500 23 OOO 15 500 

LaHave Clay 13 500- 16 OOO- 23 OOO- 15 OOO-
present present present present 

Thickness , Emerald Silt facies "A" 
(composite section) 23m 48m 7.5m 2m 

Thickness , Emerald Silt facies " B" 
(composite section) 13m 22m 6m 13m 
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Figure 37 . Diagrammatic representation of the inferred environmental history of the Sco­
tian Shelf at five critical stages of its development. See text for explanation . 
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moraines , and Emerald Silt, facies A, were being deposited 
in the Chedabucto re-entrant south of Cape Breton Island. 
The formatio n of a floating ice shelf in this area was probably 
enhanced by deeper water conditions assoc iated with iso­
static depression by the adjacent ice sheet on land, as well as 
its proximity to the deeper water of the Laurentian Channel. 
The northern extent of the deposits in the re-entrant is not 
fully known, but during the latter part of stage 3 and earlier 
part of stage 4 they may have extended on land across some of 
the low-lying areas of Cape Breton Isl and around the Bras 
D 'Or Lakes , and possibly as far east as the southern area of 
the Burin Peninsula in Newfoundland. They may be cor­
relatives of isolated glaciomarine and shell-bearing till 
deposits in these areas. These land depos its include she l~­
bearing tills within multiple till sections in the River Inhabi­
tants area (Grant, 1975), and marine beds interbedded with 
till on the Burin Peninsula (Tucker and McCann, 1980). The 
northern extent of Emerald Silt on the inner shelf between the 
moraine and mainland Nova Scotia is also uncertain because 
most of thi s section was eroded during a later transgression. It 
is assumed that north of the present mainland coastline the ice 
shelf thickened to sheet proportions and meltout deposits 
graded to normal basal till. Farther to the west in the Gulf of 
Maine-B ay of Fundy re-entrant, lift-off probably ex_tended 
well to the north . Its glaciomarine deposits, underlymg the 
Fundian Moraine, may correlate with the 38 OOO BP 
glaciomarine deposits (Salmon River section, Grant, 1976; 
Nielsen, 1974) on land. We feel that the dominant aspect of 
the deposit is glaciomarine and not interglacial , and. suggest 
the evidence for warmer conditions was short lived w1thm the 
re-entrant during the glaciomarine interval. 

Stage 4 represents a general retreat of the ice shelf from 
the central shelf to the present land areas, except for one short 
advance, and covers the approximate period of 32 OOO to 
16 OOO BP. It is represented by the Emerald Silt, facies B. 
Early in this period open water conditions devel?ped on the 
shelf proper, bottom currents exercised a greater mfluence m 
the distribution of sediments and were responsible for the 
development of a fairly widespread unconformity by approxi ­
mately 30 OOO BP (Fig. 9). An opportunity to examme 
recently collected seismic profiles (A. Jenkins. personal 
communication, 1984) shows this unconformity continues 
north of the Country Harbour Moraine and along the ancient 
Country Harbour River Channel to Country Harbour. ln 
several areas, including the north flank of the Country Har­
bour Moraine, the unconformity is overlain by a thin layer of 
glacial till which provides the evidence for the return of a 
grounded ice shelf to parts of the inner and central shelf for. a 
short interval of stage 4. lt is, in tum, overlam by a thm 
deposit of glacial till and Emerald Si lt, facies_ A and B. In 
facies B , the cyclical pattern of sed1mentat1on gradually 
deteriorated as a result of increased bioturbati on, bottom 
currents and decreasing continuous flo at ing ice cover. The 
fauna! assemblage progressively increased in diversity and 
abundance, and planktonic assemblages began to appear. 
Sedimentation rates in Emerald Basin decreased to approxi­
mately l . lm/lOOOa. ln general, the environment of the shelf 
proper evolved to one with a proglacial aspect, and the 
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evidence for a strong ice influence suggests that the ice did 
not retreat far inland from the present coastline. Piper (per­
sonal communication, 1983) has recently acquired data from 
the Lunenburg coastal area to suggest that a morainal system 
occurs just offshore which appears to be of Late W1 sconsman 
age (latter part of stage 4 or stage 5). 

In the Gulf of Maine and Bay of Fundy region events 
during the first half of stage 4 appear to be significantly 
different. A grounded ice shelf returned to this area by 31 OOO 
BP to deposit the Fundian Moraine (3 1 OOO to 26 _500 BP) 
and tills to the south of this feature around the penphery of 
Georges Basin. Lift-off then advanced north to Truxto.n 
Swell, in the area of column section 12, Figure 6a. Here, t1ll 1s 
deposited on beds of Emerald Si lt dating about 17 OOO BP. No 
information is available in the immediate area to refine a date 
for deposition of this till, other than to suggest that it probably 
lies between the 17 OOO BP maximum date, and dates on the 
raised glaciomarine deposits associated with the Pre­
sumpscot Formation in the coastal areas of Maine which date 
at about 13 500 BP (Stuiver and Borns, 1975), and raised 
marine ice-marginal deposits in central and southern New 
Brunswick of approximately 13 OOO BP (Gadd, 1973). The 
occurrence of Emerald Silt and lift-off moraines in the area 
of column section 3, Figure 6, possibly overlies the younger 
till but samples were not obtained for dating purposes. 
Th~ surface of this till has also been modified by iceberg 
furrowing. 

During the evolution of the glacial history of the cont_i ­
nental shelf to and including stage 4, the glac10-1sostat1c 
response of the crust can only be discussed in general terms 
because of the lack of direct evidence. At the time when the 
Wisconsinan ice sheet occupied the entire shelf (stage 1) 
isostatic depression presumably reached a maximum, but by 
the time of stages 2 and 3 (dominated by the presence of the 
ice shelf), isostatic rebound was probably well advanced. 
During the stage of final retreat (stage 4), possibly as early as 
30 OOO BP, the crust had more or less fully recovered except 
for the influence of the remaining ice sheet on the adjacent 
land areas. A well defined submarine terrace at a depth of 115 
to 120m on the Scotian Shelf and lOOm on the Grand Banks 
occurs across large areas. This correlates approximately in 
time and magnitude with the Late Wisconsinan maximum 
lowering of eustatic sea level (King, 1970 , 1980). Its uniform 
depth of occurrence over such a broad area strongly suggests 
that glacio-isostatic rebound had fully recovered and sta­
bilized before the low sea level stand was recorded; other­
wise, tilting and differential warping w9uld possibly be in 
evidence. Exceptions to the consistent depth of the terrace 
occur near shore south of Cape Breton Island (Maclean et 
al., 1977), nearshore south of Lunenburg (Piper et al., 1985), 
in the eastern Gulf of Maine and approaches to the Bay of 
Fundy where ice appears to have delayed rebou_nd until a later 
date (Fader et al., 1977), and in western Placentta Bay near the 
Burin Peninsula (Fader et al., 1982). 

Stage 5 (16 OOO to lO OOO BP) co:ers the peri~d of 
lowest sea level, its subsequent transgression, and the disap­
pearance of ice influence in the offshore. Evidence for the low 



sea level stand and subsequent transgression is widespread. 
The trace of the terrace is indicated by the boundary between 
the Sambro Sand and Sable lsland Sand and Gravel (Fig. 3). 
This boundary is defined by a textural change between the 
formations, from sublittoral sands and gravel of the Sambro 
Sand with a mud content up to about LO%, to clean, well 
sorted sands and well rounded gravels of the basal trans­
gress ive Sable Island Sand and Gravel. In many areas the 
boundary appears as a knickpoint on the echograms and 
seismic profiles, and it coincides with a truncation of Emer­
ald Silt beds around the periphery of the banks. For example, 
this unconformity is illustrated on the seismic profiles (Fig. 
12, 13, 36) across the type area for the Wisconsinan section on 
the Scotian Shelf, and in fact the erosional surface was 
responsible for the exposure of the early part of the section. 
Another example of the terrace is shown in Figure 38 where it 
is cut into Tertiary bedrock and overlain by up to 6m of Sable 
Island Sand and Gravel. 

As Figure 3 shows , large areas of the shelf were exposed 
subaeri ally, and there is some evidence to suggest that the 
geotechnical properties of the sediment were modified during 
subaerial exposure (Table 6), possibly as a result of desicca­
tion and to some degree removal of overlying sediment by 
eros ion. Piston cores in Emerald Silt above the old shoreline 
penetrate the Emerald Silt for about 1 to I.Sm, but below the 
shoreline and in more or less the same stratigraphic section a 
penetration of approximately 10 to 15m can be achieved (Fig. 
39). 

The terrace indicates the position of the lowest sea level 
and beginning of the Late Wisconsinan-Holocene transgres­
sion, during which time all sediments between the old and 
present shoreline were modified in response to a high-energy 

Table 6. Geotechnical properties 

Cruise: HUDSON 79-011 

Sample Des ignation: IP 
Emerald Silt 

Water Depth: 142m 

Stratigraphic order: stratigraphic depth increases to the right 

Phys iographic control: Basin Sample 

Water content (w%) 39.6 

Plastic ity index (IP) 23.2 

Liquid ity index (IL) 0.71 

Undrained shear strength 19 
(Su) in kPa 

Preconsolidation stress (Pc') 
in kPa 

Median Diameter, mm (Md) 0.014 

Core Length, m 8.43 

beach environment. As the transgression progressed across 
the outer banks it produced large areas of clean, well sorted 
sands and gravels (Sable Island Sand and Gravel). The fines 
were deposited in the bas ins as LaHave Clay. On the inner 
shelf, bedrock is exposed or nearly exposed at the seabed, but 
these areas were originall y covered with till and glaciomarine 
deposits. During the transgress ion, these deposits were 
undercut and eroded by the advancing sea, and essentially all 
that remains is coarse gravel confined to depressions on the 
bedrock surface, and a few thin outliers of till and Emerald 
Silt as indicated on Figure 6 by the column sections and 
geological cross-sections. The slope of the inner shelf was 
sufficiently steep to allow undercutting and slumping to 
dominate and destroy the continuity between the glacial and 
glaciomarine deposits of the offshore and the glacial deposits 
on land. 

The age of the submarine terrace can be bracketed by our 
data on the age of the uppermost truncated beds of Emerald 
Silt, facies B, and the age of the overlying basal beds of 
LaHave Clay (Fig. 13 at the !km mark). Within these con­
straints we suggest an age between 15 LOO and 14 465 BP. 
Our previous estimates of the age of the terrace were based on 
sea level curves of Milliman and Emery (1968) which showed 
the lowest stand of 125m at IS OOO BP. This is in good 
agreement with the above age of 15 LOO to 14 465 BP at 115 to 
120m. 

On the Grand Banks of Newfoundland, the Late 
Wisconsinan-Holocene transgress ion was effective in remov­
ing the Pleistocene depos its on a regional scale leaving only 
outliers in a few small basins and channels (Fig. 6e to g, 36, 
40). Consequently, the glacial history is fragmented , but at 
least it can be inferred from their scattered positions on the 

!OP 8P 7P 
Emerald Silt Glacial Till Emerald Silt 

133m lll m 9lm 

Basin Sample Bank Sample Bank Sample 

48.3 32.2 36 .0 

25.5 19.5 22. 7 

0.78 0.38 0.43 

19 45 35 

150 100 

0.002 0.004 0 .002 

5.99 1. 85 0 .90 
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Grand Banks th<i.t the entire area was glaciated. One of the 
more complete sections is in Placentia Bay and approaches, 
and these deposits are typical of those observed on the Sco­
tian Shelf, including sections of till , glaciomarine sediment, a 
regional moraine, lift-off moraines , till tongues, and blanket­
ing Holocene deposits. Data from Figures 30 and 31 and Table 
5 indicate that the Placentia Bay deposits and events are 
generall y younger than those of the Scotian Shelf, and corre­
late better with late Middle Wisconsinan events which 
include the Fundian Moraine and associated deposits in the 
eastern Gulf of Maine. This is probably because of its close 
proximity to the land, and we assume that the outliers farther 
offshore in Downing Basin and adjacent areas are older and 
comparable to the deposits of the central Scotian Shelf. 

One of the last vestiges of ice influence on the offshore 
sediments is revealed by the occurrence of iceberg furrows. 
They are formed by the scouring action of grounded icebergs 
moving across the seabed under the influence of winds and 
currents. Both modem and relict iceberg furrows are of com­
mon occurrence along the entire eastern Canadian shelf and 
have been documented in papers by Harris and Jollymore 
(1974), van der Linden et al. (1976), King (1976), Fader and 
King ( 1981 ), Fader et al. (1982) and Lewis and Barrie (1981 ). 
Their dimensions are highly variable but typically they are 
approximately 2 to Sm deep, 30 to 40m wide, and can be 
many kilometres long. lt is difficult to distinguish between 
relict and modem furrows because they both can display a 
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fresh well preserved appearance. Through regional consid­
erations concerning the distribution of ice, conclusions can 
be drawn regarding their age. For example, most iceberg 
furrows on the western Scotian Shelf (Fig. 6) must be relict, 
because icebergs have been absent since the continental ice 
sheet withdrew. Almost all furrows on the Scotian Shelf 
occur on glacial till. Farther to the east, for example south of 
Newfoundland, furrows occur on the younger LaHave Clay 
(Fader et al. , 1982). These were probably formed by calving 
icebergs from the late ice (12 500 BP) of southwest New­
foundland described by Brookes (1974). The major local 
sources for icebergs in the Gulf of St. Lawrence had probably 
disappeared by 12 OOO BP. Across the Grand Banks east of 
Newfoundland the seabed has been affected by iceberg scour 
throughout the Pleistocene and to the present, and below 
depths of 115 to 120111 furrows covering the complete spec­
trum of ages may occur (Fader and King, 1981). Above the 
IOOm terrace on the Grand Banks the furrows postdate the 
Late Wisconsinan-Holocene transgression, any earlier fur­
rows having been removed by erosion. 

Unfortunately, our seismic control does not cover the 
areas where glacial and glaciomarine deposits would have 
been deposited in the offshore by the late ice of New­
foundland , but presumably such deposits do occur in the 
approaches to the fiords and in the nearshore areas around the 
northern and eastern areas of the Gulf of St. Lawrence. 

10 11 

Figure 39. 

A plot of core length vs. water depth for cores 
from Emerald Basin, Middle Bank area (Fig. 6c). 
The cores were collected with the same core 
head weight and equal free-fall distances. The 
plot shows an increase in core penetration with 
increasing water depth. The change in sediment 
properties is interpreted as resulting from modi­
fication of the sediments in the nearshore and 
subaerially exposed areas, adjacent to the late 
Pleistocene low sea level stand (see Table 6. Geo­
technical properties.). 
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REGIONAL STRATIGRAPHIC INTERPRETATION 

Figure 41 shows a correlation between our synthesis of 
glacial fluctuations of the Scotian Shelf and Grand Banks 
with the post-Sangamon chronostratigraphic framework 
developed by Grant (1977, 1980), Prest and Grant (1969) and 
Dreimanis et al. (1981) for the land areas of the Atlantic 
Provinces; Alam et al. (1984) for areas on the continental 
slope and top of nearby seamounts; Dreimanis (1975) for 
southern Ontario and southwest Quebec; and Ruddiman and 
Mcintyre (1981) for the west North Atlantic oceanographic 
record. 

The best section of pre-Sangamon stratigraphy occurs 
on the Fogo Seamounts, close to the continental shelf and 
west of the Grand Banks (Alam and Piper, 1977; Alam et al. , 
1984 ), and according to Prest (1977) other sections are sparse 
throughout the rest of the area. Cores from the seamounts 
contain sequences of alternating clays and foram-nanno ooze 
representing glacial and warmer periods respect ively, back to 
the mid-Pleistocene. An early Illinoian glac iation with a 
source from across Newfoundland and the Grand Banks 
appears to have been the most severe. This was followed by a 
strong late Illinoian advance accompanied by a major influx 
of red sediment indicating significant erosion of the Car­
boniferous redbeds of the Gulf of St. Lawrence and Lauren­
tian Channel. Alam and Piper (1977) suggested that the 
Wisconsinan glacial stages were much weaker and did not 
extend to the shelf edge, whereas our data show that at least 
one Early to Middle Wisconsinan advance reached the shelf 
edge. It appears that the Fogo Seamount data provide the best 
information on the relative magnitudes of the various 
Pleistocene stades for southeast Atlantic Canada but the 
shelf data help calibrate the seamount section and provide 
more definitive data on the Middle and Late Wisconsinan 
section. 

In addition the seamount data provide useful evidence 
for interpreting the chronology of the erosional history of the 
area. The Laurentian Channel and its tributaries are the most 
prominent erosional landforms and the seamount data indi­
cate a Late Illinoian age for a major erosional phase. The 
morphological evidence (Loring and Nota, 1973; King and 
MacLean, 1976) suggests that the channels were formed by 
ice streams along a former drainage pattern. Overdeepened 
rock basins along the main channel or trough are associated 
with the confluence of hanging valley, tributary systems with 
heads in the deep fiords along the south coast of New­
foundland. Some additional erosion apparently occurred dur­
ing the Early to Middle Wisconsinan advance because the ice 
was suffi ciently strong to ground and remove any former 
glacial and glaciomarine deposits. The only remaining depos­
its are recessional deposits which formed during the retreat of 
the Wisconsinan ice. 

The section on the continental she! f (Fig. 37, 41 ) begins 
with a continuous blanket of till overlying bedrock with Iift­
off moraines at the surface of the till. This section is best 
developed in the basins , and we believe that it represents the 
base of a continuous section of recessional glacial and 

glaciomarine deposits arising from subglacial meltout from 
beneath an ice shelf. Remnants of early glacial deposits may 
occur in some local depressions, but we are unable to identify 
them as such on the basis of our present knowledge. We 
believe that the recessional event was preceded by the 
advance of an ice sheet which extended to the edge of the 
continental shelf. Extrapolation of our earliest radiocarbon 
date, 41 OOO BP (Fig. 27), which is from near the base of the 
section, would suggest that the recession was well advanced 
by approximately 50 OOO BP, and the ice sheet is presumed to 
have wasted to an ice shelf configuration at that time. It is also 
probable that the ice sheet postdated the St. Pierre interstade 
because this is thought by some to have been a strong event 
across southern Ontario and Quebec , and is often associated 
with organic deposits. The St. Pierre interstade at approxi­
mately 75 OOO BP is also defined by the oceanographic 
record and can be recognized in the data of Alam et al. (Unit 
B6 , 1984), so it seems reasonable to assume that an ice sheet 
would not have been sustained on the continental shelf during 
this interstade. Therefore, we postulate that the Scotian Shelf 
- Grand Banks advance followed the St. Pierre interstade and 
correlates with the Guildwood stade of southern Ontario. Ice 
cover was continuous in Quebec following St. Pierre time, 
and the Guildwood stade and Scotian Shelf - Grand Banks 
advance appear to be marginal fluctuations from this body of 
ice to the north. An earlier Wisconsinan stade is suggested by 
Grant (in Dreimanis et al., 1981) and designated the Fundy 
and Cabot stades, as well as by Alam et al. (1984) as their B7 
stade, but evidence for this event on the continenta l shelf, if 
indeed it did exist, appears to have been removed by erosion. 
Grant (personal communication, 1983), has later suggested 
that the last interglacial includes the St. Pierre, and that the 
Early Wisconsinan between St. Pierre and Sangamon time 
was not represented by a major ice sheet in the Atlantic 
Provinces. Rather, the period was to some degree a cooler 
extension to the Sangamon interglacial and includes all the 
organic deposits of the Maritime Provinces. The North Atlan­
tic oxygen isotope data (Ruddiman and Mcintyre, 1981) show 
intermediate values during this period which could corrobo­
rate such an alternate hypothesis. 

At approximately 50 OOO BP the Scotian Shelf - Grand 
Banks ice sheet had degenerated to ice shelf thickness, and 
was beginning to lift off in the basins. As discussed earlier, 
this condition persisted throughout the greater part of the 
Middle Wisconsinan with minor fluctuations at the periphery 
of the banks between the grounded and flo ating portions of 
the ice shelf. We refer to thi s major event as the Scotian Shelf 
- Grand Banks recession. It was a gradual recession, at times 
approaching a stillstand, with minor oscillations throughout 
the period from approximately 45 000 to 32 OOO BP. This 
condition was probably maintained by a thick ice sheet over 
much of the adjacent land, terminating somewhere on the 
inner continental shelf. The recession on the continental shelf 
appears to be compatible with the prolonged Port Talbot and 
Plum Point interstades of southern Ontario which were mar­
ginal to an area of continuous glaciation across Quebec . The 
recession also correlates rather well with the warmer units B2 
and B4 of Alam et al. (1984) and with the decrease in global 
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ice volume predicted by the western North Atlantic 
oceanographic record (Ruddiman and Mcintyre, 1981). Also, 
Sirkin and Stuckenrath (1980) reported a warm interval indi­
cated by sediments near the moraines of Long Island and 
Block Island which contain peat and oyster beds and range in 
age from 43 800 to 21 750 BP. 

At times during this recession floating ice shelf condi­
tions , possibly accompanied by open water conditions , may 
have extended along major re-entrants to several areas of the 
mainland where Middle Wisconsinan, glaciomarine sedi­
ments and shell-bearing tills are known to occur. Grant 
( 1980) established the Clare interstade on the basis of these 
deposits. 

In summary, the stratigraphy for the late Early Wiscon­
sinan and Middle Wisconsinan on the continental shelf 
encompasses the Scotian Shelf- Grand Banks advance repre­
senting a major ice sheet from the north carrying debris off 
Nova Scotia and Newfoundland to the continental shelf, 
followed by a long period of gradual recession (Scotian Shelf 
- Grand Banks recession) grading into late Middle and Late 
Wisconsinan time. 

This interpretation of the stratigraphy is somewhat in 
contrast with that suggested by Grant (1977; in Dreimanis et 
al., 1981) for the early part of the Middle Wisconsinan. He 
postulated that the Isle Royale and Burin stades of Cape 
Breton and southern Newfoundland were the major events of 
this period, and on the basis of striae and other evidence 
indicated a direction of northern flow for the ice, suggesting 
ice domes on the continental shelf as a source for these 
advances. We see no evidence for the continental shelf acting 
as a primary source area for the northerly flow, and suggest as 
a possible explanation that the northerly flow was caused by 
drawdown of some shelf and Cape Breton ice towards the 
Gulf of St. Lawrence and Laurentian Channel during the 
early stages of recession (stage 1, Fig. 37). Areas of the 
seabed between the postulated domes and Cape Breton Island 
are underlain by stage 3 and subsequent deposits and would 
have been disrupted and eroded by a later northerly move­
ment of ice from the offshore. 

Tucker and McCann (1980), in their study of Quaternary 
events on the Burin Peninsula and St. Pierre and Miquelon, 
concluded from the available stratigraphic evidence that; (1) 
the earliest event was pre-Wisconsinan or perhaps Early 
Wisconsinan and is represented by indurated, weathered till 
deposited from an all encompassing glaciation of New­
foundland-centered ice from the north , (2) Newfoundland­
centered ice again advanced in Early Wisconsinan time, 
depositing the lower unit of the multiple till section, (3) 
marine overlap occurred depositing fossiliferous sands and 
silts which are correlated with the Salmon River deposits of 
Nova Scotia (38 OOO BP) on the basis of their fossil content, 
(4) partial glaciation by ice from an offshore source deposited 
the upper unit of the multiple till section, and (5) there was 
limited glaciation by Late Wisconsinan, Newfoundland-cen­
tered ice. Their major glacial advance (event 2) probably 
corresponds to the Scotian Shelf - Grand Banks advance and 
appears to be compatible in magnitude and direction , but we 

believe that an early Middle Wisconsinan date is more likely. 
Their analysis provides further documentation of the north­
erly pattern of flow for a glacial advance (event 4) and dates 
the event as late Middle Wisconsinan (post-Clare interstade) 
whereas Grant (in Dreimanis et al., 1981) suggested a pre­
Clare date and correlated it with the Burin stade. According 
to our evidence the late Middle Wisconsinan date weakens 
even more the argument for an offshore source to explain the 
northerly direction of ice flow, because at that time the 
grounded ice shelf was beginning to lift off the banks and 
complete its withdrawal from the shelf. It could, however, still 
be explained by drawdown of local ice towards Fortune Bay. 

Based on our present knowledge of the distribution and 
age of glacial till on the shelf, it appears that grounded 
portions of the ice shelf in late Middle Wisconsinan time 
(approximately 30 OOO BP) had withdrawn to the coastal 
areas except in the eastern Gulf of Maine. There appears to 
have been a strong resurgence to form the Fundian Moraine 
and associated deposits of 30 OOO to 26 OOO BP. This 
resurgence may have been a forerunner of the Late Wiscon­
sinan advance of approximately 20 OOO BP recorded in the 
Cape Cod - Long Island area and southern Ontario, but not 
expressed elsewhere in the offshore except in the coastal 
areas. North of the Fundian Moraine, the age of the youngest 
till (Truxton Swell) lies between approximately 17 OOO and 
13 OOO BP. Deposition of the ice-related sediment in Emerald 
Basin was continuous (Emerald Silt, facies B, proglacial) and 
was present in the offshore section until approximately 
15 OOO BP. At that time a fauna! discontinuity occurs where 
older benthic foraminiferal assemblages dominated by 
Elphidium excavatum change to a more diverse present-day 
assemblage (Vilks, 1980), and this break coincides approxi­
mately with the boundary between the Emerald Silt and 
overlying LaHave Clay. This boundary also shows time trans­
gressive aspects, as indicated in Table 5 for the various 
regions. 

The offshore Late Wisconsinan events appear to be 
compatible with estimates on the magnitude of the Scotia 
Stade on the mainland. The first people to postulate upland 
sources of outflow such as the Cobequid Highlands, were 
Chalmers ( 1896) and Flint (1957). Prest and Grant (1969) 
envisaged ice flow from local independent upland sources , 
and thought that the upland sources were remnants of a 
former more extensive ice sheet which became isolated 
mainly as a result of incursions by the sea. They further 
concluded that the Late Wisconsinan ice sheet was not as 
active in the Maritimes as it was toward the continental 
interior. Grant (1977) further elaborated on limits of Late 
Wisconsinan ice. Late Wisconsinan glaciers springing from 
numerous local ice caps extended to, and only slightly 
beyond, the present coast and landward of the Scotian Shelf 
Moraine complex . He stated that the Late Wisconsinan ice 
failed to reach the outer Fundy coast at all points, apart from a 
possible ice shelf in the Gulf of Maine. We corroborate this 
view in finding evidence for a grounded ice shelf in the 
central and eastern portion of the Gulf of Maine, but no 
evidence for thicker ice. He further suggested the possibility 
of an ice shelf in the Gulf of St. Lawrence; we intuitively 
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agree on the basis of our present knowledge in other re­
entrants, but our data base does not extend into the gulf. A 
high resolution seismostratigraphic investigation of the Gulf 
of St. Lawrence would elucidate many of the problems asso­
ciated with the nature and extent of ice cover in the Atlantic 
Provinces during Late Wisconsinan time and possibly qualify 
much of our thinking on earlier Wisconsinan problems as 
well. It is of interest to note that Prest (1957) described 
glaciomarine sediments intercalated with waterlain till of 
uncertain age on the Magdalen Islands. 

In the Long Island - Cape Cod area the ev idence for a 
strong Late Wisconsinan advance is well documented 
(Schafer, 1961; Kaye, 1964; Schafer and Hartshorn, 1965; 
Borns, 1973; Sirkin, 1976; Oldale, 1976; Sirkin and 
Stuckenrath, 1980). The ice advanced through southern New 
England approximately 20 OOO BP and may have been close 
to its maximum position as late as 15 300 BP or poss ibly 
earlier. In coastal and eastern Maine the glacial margin is 
characterized by recessional marine deposits (Borns, 1973; 
Smith 1981) between 13 500 and 12 500 BP. These deposits 
include the Presumpscot glaciomarine sediments (probably 
equivalent to Emerald Silt) and numerous small moraines 
which could include lift-off moraines. According to Smith 
(1981), marine silt and clay commonly overlie till but locally 
are interbedded with deposits of waterlain till. Small end 
moraines are overlain and underlain by the Presumpscot 
formation, and distal deposits of large end moraines inter­
tongue with the marine sediments. 

The glacial style of the Maine deposits is surprisingly 
similar to what we have described for the basins of the 
continental shelf and the eastern Gulf of Maine, except for a 
minor advance at 12 700 BP which formed the Pineo Ridge 
moraines. This readvance may have been caused by an 
increase in calving rate along coastal Maine rather than by a 
general climatic change (Borns, 1973; Borns and Hughes, 
1977). Similarly, the Kennebunk readvance appears to have 
been one of many local fluctuations of the ice front during 
general recession (Smith, 1981). In general, the glacial depos­
its of coastal Maine appear to be part of a long time-trans­
gressive, recessional succession beginning on the continental 
shelf off Nova Scotia at about 50 OOO BP and ending in 
Maine at about 12 500 BP. 

The boundary between the Maine recess ional domain 
and the terrestrial, terminal deposits of southern New Eng­
land is not well established. We had initially thought (King et 
al. , 1972) that the Scotian Shelf moraine complex correlated 
with the Cape Cod moraines, but we now realize that they 
differ widely in mode of origin, and that the Scotian Shelf 
Moraine more closely resembles some of the Maine deposits 
except for the difference in age. By applying our depositional 
model to the piston core and seismic data of Tucholke and 
Hollister (1973) from Stellwagen Basin, we would suggest 
that their youngest till lies at the base of the section below that 
sampled by the piston core, and probably represents deposi­
tion from the Cape Cod Bay and Great South Channel lobes 
of the Late Wisconsinan advance. There seems to be no 
evidence from the seismic profiles to suggest that ice 
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grounded subsequently in the basin; although, an ice shelf 
may have grounded on the adjacent banks when the 
glaciomarine section represented by their piston core was 
being deposited. Their oldest date of 18 900 BP in 
glaciomarine sediment appears to be old in relation to the best 
known dates for the Cape Cod Bay and Great South Channel 
advances. Offshore Cape Cod is indeed a critical area for 
investigating the problem of how a typical terrestrial glacial 
environment interfaces with a glaciomarine environment over 
what appears to be a relatively short distance. 

Like southern New England, southern Ontario also 
experienced a strong Late Wisconsinan glacial advance, but 
as we have indicated this advance was weak in the marine 
areas and adjacent land areas of the Atlantic Provinces. Fur­
thermore, this trend appears to continue north on the 
Labrador Shelf. Cores from a basin in Cartwright Saddle 
(Vilks and Mudie, 1978) indicate the presence of a sedge­
tundra environment near the basin as early as 21 OOO BP, and 
they suggest that the glacial limit of Late Wisconsinan time 
may have been close to the shore leaving some of the head­
lands and islands exposed where vegetation could have 
become established. If their core was in typical glaciomarine 
sediment it is possible that the pollen was transported by the 
open ocean and deposited beneath an ice shelf, and that the 
ice retreat was not at such an advanced stage as they suggest ; 
nevertheless, the presence of an ice shelf would suggest that 
at least a recessional trend was well established at 21 OOO BP. 
Seismostratigraphic studies on the Labrador Shelf by A.C. 
Grant (1972), van der Linden et al. (1976), and Filion (1976) 
outline the distribution of glacial sediments, and MacLean 
and Josenhans (personal communication, 1983) have recog­
nized till tongues and a glaciomarine succession similar to 
what we have described on the Scotian Shelf. The chronology 
of these deposits is not yet known; however, the results of 
Vilks and Mudie (1978) seem to suggest that most of the till 
deposits are older than Late Wisconsinan. 

This general trend of strong Early to Middle Wiscon­
sinan events tapering to weaker events for the Late Wiscon­
sinan which appears to be characteristic for the Atlantic 
Provinces and the offshore, is similar to what Andrews et al. 
(1972), Miller et al. (1977) and Andrews and Barry (1978) 
have shown for parts of the east Canadian Arctic where the 
Early Wisconsinan advance was stronger than subsequent 
advances. 

Ives (1978), in discussing the extent of the Laurentide 
Ice Sheet in eastern and northern North America, reviewed 
the evolution of ideas which have led to the development of 
two opposing schools of thought regarding the terminal posi­
tion of Wisconsinan ice. He (Ives, 1978 , p. 25) designated the 
extreme views as " the maximum Wisconsinan viewpoint" 
supported by proponents advocating an ice sheet extending to 
terminal positions on the continental shelf as emphasized by 
Denton and Hughes (1981), as opposed to "the minimum 
Wisconsinan viewpoint" adopted by those supporting a more 
limited ice cover. To some degree the extreme views are a 
function of terminology and the rather vague meaning associ­
ated with the expression, " last ice", as well as a lack of 



know ledge of the nature, age and extent of glacial deposits on 
the continental shelf. We think that our synthesis provides a 
base for resolving at least some of the inherent difficulties of 
the debate and that it reveals a strong element of truth in both 
viewpoints. We consider the " last ice" to include the Scotian 
Shelf - Grand Banks advance of Early to Middle Wiscon­
sinan age and feel that this major event which terminated at 
the shelf edge would satisfy the arguments in favour of the 
maximum Wisconsinan viewpoint. On the other hand, we 
interpret the Late Wisconsinan advance as a resurgence 
related to a long general recession of the Scotian Shelf -
Grand Banks advance, and this could sati sfy the minimum 
viewpoint, recognizing of course that the Late Wisconsinan 
event strengthened in the New England and central parts of 
the continent. 

Differences of opinion are also aggravated by the diffi­
culty of precisely defining ice margins, and more emphasis 
should be placed on a distinction between the terminus of ice 
sheets and adjacent ice shelves when mapping ice marg ins. 
Thi s paper emphasizes the fact that ice margins when domi­
nated by ice shelves result in broad regional synchronous 
depos its, not characteristic of sharp terminal events. Major 
glaciotectonic feature s and the limits of strong isostat ic 
effects are probably more useful in defining ice sheet limits. 
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