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SURFICIAL GEOLOGY OF CANSO BANK 

AND ADJACENT AREAS 

UY BRI AN MAC LEAN, G ORDON B. FADER, AND LEWIS H . K1:-JG 

Atlantic Geoscience Centre, Geological Survey of Canada 
Bedford Instit ute of Ocea nography. Dartmou th , N.S. B2Y 4A2 

ABSTRACT 

Cha rt 4013-G de linea tes th e di stributi o n pattern o f th e unconso lidated sediments on th e 
seafloor across Canso Bank a nd a dja ce nt areas. 

Five sed imentary units comprising Scotian Shelf drift . Emerald silt , Sambro sa nd , 
LaHave clay, and Sable Island sa nd a nd g rave l, whi ch arc common to other parts of the 
Scotian She lf, occ ur with local modifica tion wi thin the map-a rea. Deli nea tion of the areal 
sed iment distri bu ti on and ~,iratigraphi c relation ships arc based on tex tural data from bottom 
sa mples a nd acoustic data from cchograms and continuous seism ic rellection profiles. 

The sediment d istribution for th e most part is re lated to th e Plcis toccnc lo~ stand of 
eustat ic sea level 15 OOO 19 OOO years BP and it s <,ub-,equcnt ri se, togeth er \1ith some 
modifica tion which is still ta king place in so me ncarshorc and other shallov. areas . 

R ESUl\1 1~ 

La ca rte 4013-G montre lcs modalites de la distr ihu ti o n des sed imen ts non consolides 
au fond de !'ocea n dans le ba ne Ca nso et lcs cndroits contigus. 

C inq unites sed imentaircs comprcnant lcs dep()ts du plateau de la Nouvcllc-Ecosse. le 
limon Emerald, le sable de ~am bro. l'argil c de La l-fa 1 c et le sable et le gra1 icr de l'llc de ~able. 
communs it d'autn:s parties dudit plateau , sc rctrou1 cnt dan s la region de la cartL. :11cc 
q uelques modifi ca ti ons locales. Le t race de la di-,trihut1on des sedimen ts dans la region et 

l'etablisse mcnt des relations stratigraphiqucs sont fondcs sur les donnfr-. rclat11c-.; :t la 
texture, obtenucs des fr hantillons du fond. et de donnfrs acoustiques provenant d'frho­
g rammcs et de profils continus de sismique-reflcxion . 

La d istributi on des sediment s est surto ut rclifr au bas ni1 cau custatique de la mcr du 
Pl eistoccne, ii y a 15 OOO it 19 OOO a ns et it sn montfr subseq ucntc. et it une certnine modif i­
ca tion touj ours en co urs clans certaincs reg ions littoraks ou pcu profondcs. 

INTROD UCTION 

Chart 4013-G , Surficial Geology of Canso Bank a nd 
Adjacent Areas, is the fifth in a se ri es del inea tin g th e di stri­
bution of surfic ia l sediments on th e Scot ian Shelf. This cha rt 
is adjoined to the south by Chart 40-10-G , Surlicial Geology 
of the Halifax- Sable Island Maf)-Arca , and to th e cast by 
C hart 4041-G, Su rfic ial Geology of th e Banquerea u a nd 
Mi sa ine Ba nk Ma f) -Area. The study area in c ludes C hedabucto 
Bay and th e Strait of Canso south of the Canso Causeway. 

Ca nad ia n Hydrographi c Service charts 4013, H a lifa x 
to Sydney, a nd 4335, Strait of Canso and Approaches, have 
been utilized as base maps for Chart 4013-G and as sources 
of bathymetric data. 

The surf ic ial geology of th e shelf a reas that adjoin the 
present study area LO th e sou th and cast has been inves­
ti ga ted by King ( 1967a. b, 1970) a nd Maclean and Kin g 
( 1971), who reported in deta il the distribution and history 
of the s urficial sediment s in th e Hal ifa x Sable Isla nd and 
Ba nque rca u and Mi sa inc Ba nk map-a reas respectively, and 
by Cok (1970), who studied the morpho logy and s ur ticia I 
sediment s o f th e eas te rn part o f th e Scotian She lf. In th e 
study a rea Loring ( 1970) and Kranck a nd She ldon (1 970) 
inves ti ga ted sediment s in areas of Chedabucto Bay as part 
of the studi es unde rtaken during Projec t Oil fo llowi ng the 
oil spill tha t res ulted from th e sinJ..in g o f the ta nker Arrow 
in Februa ry 1970, Owens ( 197 1) mapped th e sediment types 
and coasta l features along the shore line o f C hcdabucto Bay, 



and Owens and Drapeau (1973) reported on changes in beach 
profiles following large-scale removal of sed iment. Grant 
(1971) reported on the surficia l geology of southwestern 
Cape Breton Island, and Buckley et al. (1974) investigated 
environmental aspects of Canso Strait and Chedabucto Bay. 
A report by the Canada-Nova Scotia Strait of Canso Envi­
ronment Committee (1975) was prepared on th e geological 
resources of the Strait of Canso area as part of an inventory 
of the natural environment of the region . The principa 1 
studies rela ted to movemen ts of the water mass include 
those by Fothergill (1954, 1955) and Lawrence et a l. (1973) 
on the Strait of Canso, and N eu (1970) on the hydrodynamics 
of Chedabucto Bay. 

MAPPING METHODS 

Geological sa mp le data utilized in this study were 
collected principa lly on cruises aboard CSS Kapuskasing 
in 1969 and CSS Dawson in 1973. These data were supple­
mented in parts of Chedabucto Bay and Canso Strait with 
data from sa mples collected in 1970 by D. H . Loring, K. 
Kranck, and R . W. Sheldon, and in 1973 by D. E. Buck ley, 
B. R. Pelletier, and G. Yilks. 

Echograms we re used ex tensive ly in the identifi cat ion 
of the sedimentary units and in the determination of their 
lateral extent , thickness, and stratigraphic re lationships. 
Echograms obta ined by the Ca nadia n Hyd rogra phic Se rvi ce 
for charting purposes were utili zed together with additiona l 
echogram control obtained during geological cruises. 

The mapping proced ure fo ll owed in this study was th e 
same as th at utilized by King ( l 967a, b, 1970) to delineate 
the su rficial geo logy of the Ha lifax- Sable Island map-a rea . 
A preliminary geological map was compiled using data inter­
preted from th e ava ilable Hycl rograp hic Se rvice cchogra ms. 
A geologica l sampling program was then ca rried out to 
verify the sediment pattern established from the aco ustic 
data and aclclitional acoustic in format ion was also obtained. 
The acoust ic and bottom samp ling control s within th e map­
area are shown in Fig. 1. 

T he sounding records obtained by the Ca nadian Hydro­
graphic Service were run mainly along north south tracks 
with a line spacing of approx imately 0.9 km (0.5 mil e)* in 
the area west of 60°50'W longi tude. The inner encl of these 
lines terminated approximate ly 15 km (8 miles) from shore. 
East of 60°50'W lines were spaced at approx imately 2-km 
(1-mile) interva ls as far north as southern Canso Bank where 
a 3.7-km (2-mi le) spacing was commenced. This t rac k pattern 
extended nothwarcl to approx imately 45 °23'N latitude where 
most of the available hyclrographic echogram coverage ceased. 
In Checlabucto Bay the ava ilab le hydrographi c echogram 
coverage was limited to Canso Strait and approaches south­
ward to nea r the center line of the bay. Tracks were spaced 
at 76-m (250-ft) intervals. 

• Mi leages in this repo rt refer t o na utica l miles. 
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The hydrographic echograms across the main shelf part 
of the map-area were obta ined with a Kelvin Hughes 261 
echo sounder, whereas those in the Stra it of Canso and 
approaches were obtained with a K elvin Hughes 26B unit. 
Additional acoustic data were obtained during geological 
sampling cruises with K e lvin Hughes 26B and MS32 echo 
sounders. The geologica I echogram data in Chedabucto Bay 
were obta ined along mainly north- south tracks spaced at 
approxima te ly 2-km (1-mile) intervals. Where Hydrographic 
Service echograms were not ava ilable for the main shelf 
portion of the map-area, acoustic information was obtained 
along tracks spaced at 9-k m (5-mile) interva ls. In this area 
samples were co llected at approx imately 5.5-km (3-mile) 
interva I or where changes in the bathymetry indica ted a 
change in sedi ment type was likely to occur. Jee prevented 
the co llection of samples at seve ral loca lities in Chedabucto 
Bay, par ti cul arly in the area cast of Isle Madame. Da ta from 
sa mples co llected previously in some of th ese areas and other 
parts of th e study by D. H. Loring, K. Kranck, B. R. Pe lletier, 
D . E. Buckley, and G. Vilks have been incorporated in 
the map. 

Continuous se ismic reflec tion profiles provided additional 
aco usti c data on th e thickness and subs urface extent of the 
unconso lida ted sediments and on the underlying bedrock. 
These data were obta ined with a Bo lt Associates Marine 
Profiler Mode l 600A fi tted with a 16.4-cm:i (1 cubic inch) 
chamber, a Huntec Mark 2A Hydrosonde profiler, and an 
Alpine sparker system. Use of th e latter two systems was 
hindered and record qua lity impaired by the presence of ice 
in Chedabucto Bay at th e time of th e survey. 

PHYSIOGRAPHY 

Two of th e main Scotian Shelf physiographic subdivisions 
a rc rep resented within th e map-area. These are the inner 
she lf bordering the coast, and the central she lf, which contains 
an inner trough and an a rea seawa rd of the trough charac­
terized by iso lated banks and depressions. King (1967b, 1970) 
and Mac Lea n and King (197 1) described these features on 
th e adjoining shelf a reas to the so uth and east. 

The inne r she lf within the map-area ranges in width 
from a ma ximum of a bout 20 km (11 miles) at the western 
boundary of the ma p to a minimum of about 5.5 km (3 miles) 
nea r Michaud Point on th e so uth coast o f Cape Breton Island. 
The outer boundary of th e inner shelf follows the general 
trend of the present coastline. The sea floor within the inner 
she lf area commonly is rough due mainly to the irregula r 
surface of the underlying bedrock and to the thin cover of 
surficia l sediments. This roughness is most pronounced in 
the a rea south and immediately east of mainland Nova 
Scotia, whe re metasediments of the Cambro-Ordovician 
Meguma Group and Devonian granite form the bedrock. 
In areas adjacent to southwestern Ca pe Breton Island 
where Carboniferous strata occur, the sea floor is genera lly 
smoother. Loca lly, irregula rities are due to the pronounced 
mounds of partly modified glacial debris. A smooth bottom 
composed of soft sediment occurs across much of Chedabucto 
Bay and parts of Canso Strait. 
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Chedabucto Bay is one of the largest coastal inlets along 
the southern coast of Nova Scotia. It is 43 km (23 miles) 
long, attains a maximum width of 23 km (12.5 miles) and 
narrows to 13 km (7 miles) south of Isle Madame and Petit­
de-Grat Island. Water depths in the approaches to Chedabucto 
Bay mainly are in the 100- 160 m (55- 87 fath) range and in 
the central part of the bay are, for the most part, in the 
30- 100 m (16-55 fath) range and gradually shallow to the 

head of the bay. Near the southern side of the bay, however, 
depths to 190 m (104 fath) occur in a trough adjacent to a 
pronounced east- west trending escarpment that represents 
a seaward continuation of the Cobequid- Chedabucto seg­
ment of the Glooscap fault system (King and MacLean 
1970, 1976). A less pronounced but abrupt shallowing also 
occurs on the north side of the bay close to the south coast 
of Isle Madame and extends seaward 5 km (3 miles) to the 
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south of Michaud Point, where it approximately coincides 
with the Pleistocene terrace at a depth of 110- 120 m (60- 66 
fath). Gradual shallowing occurs shoreward from this feature. 
A sill with 7- 8 m (25 ft) relief occurs at a depth of 30 m 
(16 fath) in the general area between Cerberus Rock and 
Cape Argos (approximately 45°29'N, 61 °09'W) in the ap­
proaches to the Strait of Canso in the northwestern part 
of the bay. Echogram and continuous seismic reflection data 
across this feature indicate that it occupies a bedrock channel 
and that it is composed of unconsolidated sediment. 

The Strait of Canso extends northwestward from Cheda­
bucto Bay to St. Georges Bay on Northumberland Strait and 
separates Cape Breton Island from mainland Nova Scotia. 
It is 26 km (14 miles) long and ranges from 0.9 to 1.9 km 
(0.5 to 1 mile) wide. Water depths of 30 m (16 fath) are con­
tinuous along the strait with depths to 50 m (27 fath) in isolated 
depressions. The Strait of Canso is thought to represent a 
drowned remnant of an old river valley (Goldthwait 1924). 
There is no evidence to suggest that the origin of the feature 
was fault controlled. In 1954 the Canso Causeway and lock 
were constructed at Auld Cove, completely altering the tidal 
current regime in the strait. Prior to the construction of this 
barrier, current velocities as great as 9.6 km/ h (5.2 kn) 
southbound and 7.6 km/ h (4.1 kn) northbound were recorded 
(Fothergill 1954). Since the installation of the causeway these 
strong currents have beel) reduced to nearly negligible am­
plitudes (Lawrence et al. 1973). Construction of the causeway 
converted the strait into two deep water harbors and by 
preventing the passage of ice from Northumberland Strait 
into Chedabucto Bay made the southern harbour virtua lly 
ice-free. 

The inner trough of the central shelf physiographic 
subdivision generally is a broad feature up to 46 km (25 
miles) wide that extends for the length of the shelf. Within 
the map-area, however, it narrows to 13 km (7 miles) north 
of Canso Bank. The northern margin of the trough extends 
around the eastward projection of the inner shelf north of 
Canso Bank and underlies the approaches to Chedabucto 
Bay westward to the vicinity of Isle Madame. Water depths 
generally extend to about 190 m (104 fath) except in a few 
isolated depressions, where depths as great as 230 m (126 
fath) occur. 

Canso Bank, the largest bank within the map-area, is 
46 km (25 miles) long, 30 km (16 miles) wide, and has a smooth 
surface that lies at depths ranging from 60 to 90 m (33 
to 49 fath). 

Adjacent to the south side of Canso Bank is a highly 
dissected area that forms the western end of a major system of 
partly disconnected valleys with relief to 230 m (J 26 fath). 
The valleys are incised in the underlying bedrock and, because 
of partial mantling by unconsolidated material , the features 
are deeper and more continuous than the bathymetry indicates. 
These valleys appear to represent a former drainage system 
that has been modified by glaciation and subsequent 
deposition. 
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Investigation of the Scotian Shelf by continuous seismic 
reflection techniques has revealed that the bedrock surface is 
mantled with a veneer of Pleistocene and Recent sediments, 
which varies in thickness from less than 1 m to more than 
100 m (330 ft). In general the shape of the present seafloor 
closely reflects the erosiona l su rface developed across the 
underlying bedrock. The origin of this erosional surface and 
the resulting configuration of the landscape is complex. 
From a study of continuous seismic reflection data and 
correlation with information from exploratory wells King 
et a l. (1974) recognized four erosional intervals within 
Mesozoic- Cenozoic strata on the Scotian Shelf. These 
occurred during the Early Cretaceous, Late Cretaceous, Early 
Tertiary, and Late Tertiary- Early Pleistocene. The regional 
extent of the Cretaceous erosional episodes has not been 
estab lished, but those in the Early Tertiary and Late Tertiary­
Early Pleistocene appear to have been shelf-wide events. 

Many of the present major shelf physiographic features 
such as cuestas, mesas, and lowlands have been inherited from 
former Tertiary landscapes. Some remodelling of the present 
sea floor occurred during the Pleistocene and Recent, but these 
changes for the most part appear to have been superficial. 

BEDROCK GEOLOGY 

The bedrock geology of the Canso Bank map-area has 
been reported by King and MacLean (1970) in connection 
with seismic reflection investigations of the Orpheus gravity 
anomaly, and by the same authors (1976) in a regional 
description of the geo logy of the Scotian Shelf and adjacent 
areas. A brief outline of the bedrock geo logy within the map­
area is included here to supp lement the data presented on the 
geologica 1 section. 

The bedrock geology is based mainly on the interpretation 
of continuous seismic reflection data obtained by the authors 
in conjunction with data from exp loratory wells, geology of 
adjacent land areas (Weeks 1954, 1965; Cormier 1972), and 
gravity, magnetic, and seismic refraction and reflection data 
of several authors, including Bower (1962), Garland (1964), 
Loncarevic (1965) , Manchester (1965), Ewing and Hobson 
(1966), Hood (1966), and Loncarevic and Ewing (1967). 
Mciver (1972), on the basis of well data, proposed the frame­
work and terminology for the Mesozoic- Cenozoic section on 
the Scotian Shelf. 

Map-unit 1 represents acoustic basement. It occurs along 
the southern coast of Cape Breton Island and may comprise 
Precambrian and Cambrian sediments, metasediments, and 
volcanics, Precambrian- Cambrian granite, Silurian or Lower 
Devonian sediments, loca l Devonian granitic intrusions, 
and Mississippian sediments. 

South of mainland Nova Scotia the Cambra-Ordovician 
Meguma Group of quartzites and slates and Devonian 
intrusives form the bedrock surface for about 40 km (22 miles) 
offshore where they are onlapped by Mesozoic and Cenozoic 
strata. These basement rocks also extend easterly along the 
southern margin of the Orpheus basin beneath a cover of 
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Sable Island 
sand and 
gravel (11) 

LaHave clay (10) 

Table of Formations 

Lithology 

Dark grayish brown , fine- to coa rse-gra ined , well-sorted sand, 
grading latera lly to coarse subangul a r-t o-rounded glac ia l 
lag gravels ; in the Strait of Canso includes a nea rsho re facies 
consisting of a highly variable mi xture of gravel , sand, si lt , and 
clay. 

Time eq uivalent of map-unit I 0. 

Very dark grayish brown, loca ll y black, clayey silt , grading 
loca lly to silty clay and sa ndy silt with min or gravel. 

May in part be time eq uivalent of upper portions of map-units 8 and 9, mostly younger. 

Sambro sa nd (9) 

Emerald si lt (8) 

Very dark grayish brown , fine- to coarse-gra ined, moderately 
to well-sorted sublittora l sand, grad ing to sandy gravel or 
modified till. 

Time eq uiva lent of map-unit 8. 

Very dark gray ish brown, poorly so rted , clayey and sandy si lt, 
grading to si lty sand wit h some gravel ; proglac ial. 

In part a time equ ivalent of the late drift (map-u nit 7); otherwise youn ger. 

Scotian Shelf 
drift (7) 

Banq uereau 
Formation (6) 

(5) 

(4) 

(3) 

(2) 

(!) 

Dark grayish brown, cohesive, sa ndy till in ground and end 
moraines; may include some modified till and stratified drift. 

Disconformity 

Semicompacted bedrock; mainly mudstone wi th lesser 
quantities of siltstone and argillaceous sandstone. 

Angular unconfo rmity 

Semicompacted to well-compacted bedrock; mainly sandstone 
and shale, with lesser quantities of chalk. 

Angular unconformity 

Undifferentiated sedimentary rocks of probable Pennsylva nian­
Jurassic age; interpretati on based on adjacent la nd geology, 
well information, a nd continuous seismic reflection data. 

Angular unconformity 

Undifferentiated sedimentary rocks of Mississippian age ; 
interpretation based on adjacent land geology and continuous 
seismic refl ection data ; probably mainly composed of 
sandstone, siltstone, shale, conglomerate, and possibly some 
limestone. 

Angular unconformity 

Undifferentiated metasedimentary rocks of the Meguma Group 
and Devon ian granite; interpretati on based on adjacent land 
geology and continuous seismic refl ection data; probably 
composed of folded Cambrian and Ordovician quartzite and 
slate, cut by Devonian granite. 

Angular unconformity 

Undifferentiated sediments, metased iments, volcanics and 
intrusives of the Precambrian and Cambrian a nd possibly 
some sediments of Silurian- Lower Devonian a nd Mississippian 
age and Devonian granite; interpretati on based on adjacent 
land geology and continuous seismic reflection data. 

Thickness 
(m) 

0- 15 
(generally thin) 

0- 30 

0-40 
(generally thin) 

0-130 

0- 80 
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Mesozoic-Cenozoic strata. To the north the basement 
sequence is terminated by the Glooscap fault, a major feature 
that appears to extend from the Gulf of Maine across the Bay 
of Fundy and Nova Scotia to the Grand Banks and possibly 
beyond (King and MacLean 1976). 

The Orpheus basin is a graben that extends eastward from 
Chedabucto Bay and gives rise to the Orpheus negative gravity 
anomaly. Exploratory drilling (Shell Argo F-38 [Shell Canada 
Ltd. 1971a] and Shell Eurydice P-36 [Shell Canada Ltd. 1971b]) 
revealed the presence of a thick sequence of Mesozoic strata 
including a substantial thickness of salt in the Orpheus basin. 
This confirmed the earlier postulation of Loncarevic (1965), 
Ewing and Hobson (1966), and Loncarevic and Ewing (1967) 
that the negative gravity anomaly results from the presence 
of a thick sequence of low density sedimentary rocks. 

Mississippian strata occur along southern Cape Breton 
Island westward from Red Point (60°45'W longitude) to 
St. Peters, and underlie most of Isle Madame, Janvrin Island, 
part of the islands in Inhabitants Bay, an area on the north 
shore oflnhabitants Bay, and the Nova Scotia mainland shores 
of Canso Strait and Chedabucto Bay north of the Glooscap 
fault. Also, Mississippian strata are believed to underlie 
Chedabucto Bay north of the fau lt westward from about 
61 °15'W longitude. 

Pennsylvanian strata underlie the shore north of Lennox 
Passage and most of the eastern shore of Canso Strait north­
ward to about the midpoint between Port Hawkesbury and 
Port Hastings. 

Triassic strata occur on shore at three localities around 
the inner part of Chedabucto Bay. 

Because Pennsylvanian and Triassic strata occur nearby 
on the shores of Chedabucto Bay, and Jurassic strata are 
present in the Orpheus basin (Shell Argo F-38 and Shell 
Eurydice P-36), pre-Cretaceous strata recognized on seismic 
reflection profiles beneath the central and outer parts and 
approaches of Chedabucto Bay (section AB) are considered 
to be Pennsylvanian to Jurassic in age. 

Cretaceous strata lap on the Cam bro-Ordovician Meguma 
Group rocks and Devonian granitic intrusions about 40 km 
(22 miles) south of mainland Nova Scotia. In the Orpheus 
basin south of Cape Breton Island these strata overlie Penn­
sylvanian-Jurassic rocks eastward from 60 °22'W longitude 
and lap on pre-Pennsylvanian rocks along the basin's northern 
margin. Cretaceous strata on the Scotian Shelf for the most 
part have a gentle seaward dip of one degree or less and 
prograde near the edge of the shelf, but in the Orpheus basin 
they have been mildly folded as a result of halokinetic 
movements and tectonic adjustments (King and MacLean 
1970, 1976). 

The Banquereau Formation (Mciver 1972), which 
includes Tertiary and latest Cretaceous strata, forms a thin 
unconformable veneer over the underlying Cretaceous strata 
on the inner and central parts of the shelf and thickens to 
approximately 2 km (1 mile) at the shelf edge. Within the 
map-area these strata form a thin layer over the irregular, 

6 

eroded surface of the Cretaceous rocks across Canso Bank 
(section BC) and extend northward into the Orpheus basin 
where they overstep the zero edge of the Cretaceous strata to 
lie directly on Pennsylvanian- Jurassic and pre-Pennsylvanian 
rocks. It is probable that across much of the map-area only 
the uppermost part of the Tertiary sequence is represented. 
Locally, some early Pleistocene material may be included. 

SURFICIAL GEOLOGY 

The Quaternary history of the Scotian Shelf has been 
discussed by King (1967a, b, 1970) as interpreted from studies 
of the Halifax- Sable Island area. The surficial geology of the 
Banquereau and Misaine Bank area has been reported by 
MacLean and King (1971). The present study area adjoins 
these two map-areas, and the same sedimentary units are 
common to the three areas. 

King related the occurrence of a 115- 120 m (63- 65 fath) 
terrace that is well developed at many localities within the 
Halifax- Sable Island area to an old shoreline developed during 
a late Pleistocene lowering of sea level about 15 OOO (Milliman 
and Emery 1968) to 19 OOO (Curray 1960) years ago, and estab­
lished the relationship between this feature and the sediment 
distribution pattern. This terrace is recognizable on echogram 
profiles at several localities within the Canso Bank map-area 
(e.g. along the north and south sides of Canso Bank). The 
sediment distribution pattern relative to the depth of the 
terrace is in accordance with relationships established for 
other parts of the shelf. 

During the low stand of sea level represented by the 
115- 120 m (63- 65 fath) terrace, large areas of the shelf were 
subaerially exposed. Areas adjacent to the coast formed part 
of the mainland and the isolated banks (e.g. Canso and Middle 
banks) and the outer shelf banks (e.g. Sable Island Bank and 
Banquereau) were islands with arms and embayments of the 
sea largely enclosed within them. Exchange of water between 
these areas and the open sea probably was considerably 
restricted. This condition together with the influx of cold 
meltwater from the nearby ice sheet led to the development of 
a cold brackish water environment over large areas of the 
shelf (King 1970). 

The presence of subbottom deposits of glacial material 
and reworked glacial debris on the seafloor indicates that the 
ice extended seaward to the outer margin of the shelf. However, 
it cannot be established from the present data whether this 
glacial materia l was the product of one or more ice sheets. 
An end moraine complex extends in a discontinuous manner 
along the entire Scotian Shelf about 30- 40 km (16- 22 miles) 
seaward from and approximately parallel to the present 
coastline (King 1969; King et al. 1972). The moraine system 
presumab ly is a Wisconsin feature, but it has not been 
established whether it marks the farthest point of advance of 
Wisconsin ice or is a recessional feature formed during the 
general retreat of a more extensive Wisconsin ice sheet. 

Following the events that occurred during the low stand 
of the sea, sediments on the banks and other shallow areas 



of the shelf above the 115- 120 m (63-65 fath) terrace were 
subjected to reworking and redistribution as sea level rose 
during the Holocene transgression. This accounted for much 
of the present shelf sediment distribution in which lag deposits 
of reworked glacial material remained on the banks and other 
shallow areas, and the finer sediments were deposited in 
deeper water. 

King (1967b, 1970) recognized five sedimentary units in 
the Quaternary deposits of the Halifax- Sable Island area and 
subsequent studies (Drapeau and King 1972; MacLean and 
King 1971; Fader et al. 1977) have indicated that these units 
are shelf-wide. The succession comprises glacial drift, silt, 
sand, clay, and sand and gravel units, some of which are 
contemporaneous. The silt and sand units are in part proglacial 
deposits. The sand and gravel unit, derived from reworking of 
glacial debris during the Holocene, is confined to the banks and 
other shallow areas above the elevation of the Pleistocene 
terrace. Some modification of the sediment distribution, 
particularly the sand and gravel unit, has occurred through the 
action of storm waves and bottom currents, and ice rafting in 
some areas of the eastern part of the shelf. However, except 
perhaps for local modification in shallow areas these processes 
do not seem to have significantly altered the earlier distribution 
pattern of the five relict sedimentary units. 

SCOTJAN SHELF DRIFT 

The Scotian Shelf drift is an informal term proposed by 
King (1970) for deposits of glacial material. It is a dark grayish 
brown cohesive and poorly sorted sediment. Composed of 
abundant sand, si lt , and clay it commonly contains angular 
fragments in the pebble-to-boulder size range, which mainly 
consist of quartzite, granite, and some sandstone fragments. 

Acoustic data indicate that the glacial material character­
istically has a rough and undulating surface and a chaotic 
internal structure, and that it generally conforms to the 
surface of the bedrock, except where the till thickens as in the 
case of channel filling or moraine development. Usually a 
reasonably good contrast between the undulating surface of 
the till and the smooth, hard bottom of the Sambro sand is 
evident on the echograms. The till- sand boundary commonly 
is gradational and thus there is a problem in distinguishing till 
from modified till. 

Glacial till exposures within the map-area occur along the 
longitudinal trough north and west of Canso Bank, in Cheda­
bucto Bay south and southeast of Isle Madame, and in the 
approaches to Chedabucto Bay south of Cape Breton Island. 
Glacial till occurs at the seafloor in water depths as shallow as 
70 m (3S fath) south and southeast of Isle Madame in Cheda­
bucto Bay. It may also form the subbottom ridges evident on 
echograms across much of the central and inner parts of 
Chedabucto Bay. In the Strait of Canso, drill cores for 
engineering data east of Melford Point have indicated the 
presence of at least 29 m (96 ft) of till in the subbottom at a 
depth of 27 m (15 fa th) below present sea level (extracted from 
data made available by Canso Superport Limited). Pre­
servation of glacial deposits at these shallow depths is 

dissimilar to their history in other shallow areas of the shelf 
and this suggests that the material at these localities was not 
subjected to marine erosion during the Holocene transgression. 
There is no evidence to indicate this was due to tectonic or 
isostatic adjustments. Therefore, preservation was probably 
due to the presence of a lobe of late ice which protected this 
material from erosive forces during the transgression. 

Interpretation of the immediate subbottom across the 
banks and other shallow areas is uncertain because of lack of 
penetration of the hard bottom by the echo sounder and the 
nonresolution within the bubble pulse of the seismic reflection 
profiling system. Although a thin subsurface layer of the 
Scotian Shelf drift has been inferred across these areas on 
Section ABC its presence there has not been established . If the 
original glacial debris in these shallow areas was completely 
reworked during the transgression, the lag deposits would lie 
directly on the bedrock. The presence of glacial till is evident 
on seismic profiles across depressions and other areas where its 
thickness is sufficient to permit resolution by the seismic 
equipment. 

The Scotian Shelf end moraine system is represented 
within the Canso Bank map-area by the western part of the 
Gabarus moraine a long the eastern edge of the study a rea 
about 30 km (16 miles) south of Cape Breton Island. The end 
moraine system along the Scotian Shelf occurs as a series of 
discontinuous lobes and has been traced from the Laurentian 
Channel to the Gulf of Maine (King et al. 1972). 

EMERALD SILT 

Emerald silt is an informal term proposed by King (1970) 
for a proglacial si lt unit that mainly lies on the Scotian Shelf 
drift (map-unit 7) and in many areas is overlain by the LaHave 
clay (map-unit 10). The Emera ld si lt within the map-area is 
mainly a very dark grayish brown, poorly sorted sediment 
composed of clayey and sandy silt (unit Sa), and si lty sand with 
some gravel (unit Sb). The boundary between units Sa and Sb 
is gradational and cannot be defined on the basis of the present 
sample control. 

The Emerald silt within the Canso Bank map-area 
principally underlies the LaHave clay and is exposed along the 
northern margin of the depression that lies west of Canso 
Bank and northwest of Middle Bank. It a lso occurs as isolated 
deposits along the inner trough north of Canso Bank, as well 
as in the valleys between Canso Bank and Misaine and Sable 
Island banks. Within the map-area and on the adjacent shelf 
areas the Emerald si lt appears stratified on the echograms, in 
contrast to other areas of the shelf, where stratification within 
the unit is not so apparent. The Emerald silt has not been 
recognized within the sedimentary sequence on the floor of 
Chedabucto Bay or Canso Strait. 

Where the Emerald silt is overlain by the LaHave clay 
(map-unit 10) the boundary between the two units is distinct 
because of the acoustic transparency of the clay. The smooth, 
relatively soft bottom characteristic of the silt also contrasts 
with the rough, undulating and somewhat harder bottom 
presented by the till. These units a re readily distinguished on 
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continuous seismic reflection profiles because of the well­
stratified appearance of the si lt in contrast to the irregular 
surface and lack of orderly or regular events in the till. The 
contrast between the Emerald silt and Sambro sand generally 
is provided by an acoustically hard smooth bottom for the 
sand as opposed to a soft bottom for the silt. The boundary 
between these two units, however, is usually gradational. 

King (1969, 1970) found that the Emera ld silt interfingers 
with the glacial debris of the end moraines, which indicates 
that these sediments are in part contemporaneous. He conclud­
ed that the silt was a proglacial unit deposited from floating 
ice in front of the ice sheet. Variations in the texture of the unit 
were ascribed to several factors, notably proximity to the ice 
front, littoral, and sublittoral environments with respect to the 
Pleistocene shoreline, tidal currents, and bottom topography. 

Jn isolated areas of soft sediment where the Emerald silt 
and the LaHave clay are not both represented, a measure of 
stratigraphic control is lacking and corre lation without the 
support of paleontological data becomes uncertain . Where 
either the Emerald silt or LaHave clay has been mapped in 
such areas the interpretation was based on textural and 
acoustical characteristics of the sediment consistent with 
regional stratigraphic relationships. 

SAMBRO SAND 

The Sambro sand is an informal term introduced by King 
(1970) for a sand formation that occurs below the elevation of 
the Pleistocene terrace and that overlies in part the Scotian 
Shelf drift. It is in part a lateral equiva lent of the Emerald silt. 
King (1967a, b, 1970) related the Sambro sand to the develop­
ment of the submarine terrace at a depth of 115- 120 m (63- 65 
fath) during the Pleistocene low stand of sea level, and he 
concluded that the Sambro sand was deposited in, as well as 
adjacent to, the littoral zone of this old shoreline. This feature 
marks the boundary between the Sambro sand and the Sable 
Island sand and gravel unit. Both units appear as hard bottoms 
on echograms and differentiation is on the basis of textura l 
parameters from samples. 

The Sam bro sand is a very dark grayish brown, si lty and 
clayey sand with some gravel. The unit is designated 9a where 
the grave l content of the samples is < 10 %, and 9b where the 
gravel content is > 103 . Silt and clay are present usually in 
amounts up to 10% but may occasionally reach 30% . The 
presence of the finer fractions is one of the main criteria in 
distinguishing the sands of map-unit 9 from those of the Sable 
Island sand and gravel (map-unit 11). 

Within the map-area the Sambro sand occurs adjacent to 
the Pleistocene 115- 120 m (63- 65 fath) terrace along the 
flanks of the inner trough and Canso Bank and across parts of 
the adjacent seafloor below the elevation of the terrace. The 
unit occurs usually as a thin veneer, only a few metres thick, 
overlying glacial till. The Sambro sand has not been recognized 
in Chedabucto Bay west of approximately 60°50'W longitude. 
Its absence there could be due to the presence of a lobe of late 
glacial ice, which would have delayed the onset of marine 
sediment deposition in the area. However, the surface of the 
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glacial till in Chadabucto Bay may have been partly modified, 
as indicated by the presence of a somewhat higher than normal 
gravel content. This modification may have occurred during a 
late stage of the Holocene transgression or more recently 
through the action of storm waves or bottom currents. 

LAHAYE CLAY 

The LaHave clay is an informal name proposed by King 
(1970) for a formation mainly consisting of silty clay (unit lOa) 
and clayey silt (unit lOb) that overlies the Scotian Shelf drift 
and Emerald silt, and is an equivalent of the Sable Island sand 
and gravel. Additional textural variations in the LaHave clay 
occur within the study area. 

The LaHave clay on the main shelf part of the map-area 
and beneath much of Chedabucto Bay consists predominantly 
of clayey silt (unit lOb) with some minor sand. An increase in 
sand content occurs locally southeast of Isle Madame and 
around the head of Chedabucto Bay. The increase in sand 
becomes most marked north of 45 °25'N in the approaches to 
the Strait of Canso where it constitutes 40% of some samples. 
In this area the unit consists of clayey and sandy silt with some 
minor amounts of gravel (unit lOc). Sediments of unit lOc 
together with those of unit lOd, which comprise silty and 
clayey sand with minor gravel, are the main components of 
the LaHave clay in the Strait of Canso westward from Eddy 
Point. Data from cores in the latter area collected by G. Vilks 
indicate that the La Have clay forms a generally very thin layer 
on the seafloor. The fine surface sediment may have been 
deposited as a thin and somewhat discontinuous veneer over 
the coarser material of the more rigorous environment that 
prevailed prior to the construction of the causeway. The extent 
of the LaHave clay unit del ineated in Canso Strait is based 
largely on the distribution of smooth bottoms from echo 
sounder profiles together with data from bottom samples. 

The LaHave clay characteristically is portrayed on echo­
grams by a smooth surface and a high degree of acoustic 
transparency. The latter characteristi c diminishes with increas­
ing silt or sand content. Where the coarser fraction occurs in 
isolated depressions, a problem arises in distinguishing the 
LaHave clay from the Emerald silt on the basis of textural 
data alone . 

For the most part the LaHave clay was derived from the 
winnowing of silt and clay from glacial debris on the banks 
during the Holocene transgression, and the finer material was 
deposited in the basins and other depressions. Deposition of 
clay has probably continued at a slow rate in most of these 
basinal areas through the winnowing action of storm waves 
and bottom currents on the shallow parts of the shelf, or from 
coastline erosion in nearshore areas such as the Strait of 
Canso and Chedabucto Bay. In parts of both these areas the 
La Have clay laps upon and appears to partly cover deposits of 
Sable Island sand and gravel. A few pockets of LaHave clay 
occur above the elevation of the Pleistocene terrace on the 
inner shelf south of mainland Nova Scotia, for example, 
seaward from the Tor Bay- Whitehaven Harbour area 
(45 °08'N, 61 °05'W). These LaHave clay occurrences may arise 



as a consequence of fine sed iment transport from the adjacent 
land and deposition in small loca l accumulations on the 
coarser sediments derived during th e Holocene transgression. 

Acoustic masking of subbottom events ha s been recog­
ized on sha llow seismic profiles a nd echogra ms across severa l 
areas in Cheda bucto Bay where the LaHave clay forms the 
sea bottom. These loca lities are ma inly in the east cent ra l part 
of the bay 4- 7 km (2- 4 miles) northwest of Durell Island and 
2- 4 km (1- 2 miles) northwest of Fogherty Head . The masking 
is considered to be a result of th e genera ti on a nd entrapment 
of gas within th e soft sediments, which effective ly blanks out 
all acoustic events beneath it. 

SABLE I SLA D SAND AN D GRAVEL 

The Sab le Is land sa nd a nd grave l is a n informa l name 
introduced by King (1970) for a sa nd and gravel formation 
overlying th e Scoti an Shelf drift. It occurs across the bank 
areas and on th e inner she lf a t depths above that of the 
Pleistocene terrace (115- 120 m [63- 65 fath]). The Sa ble 
Island sa nd and grave l is a time equivalent of the La Have clay . 

The Sable Isla nd sa nd and grave l unit prima rily consists 
of clean, da rk grayish brown, fin e- to coa rse-gra ined sa nd, 
which grades la tera lly to grave l. T he unit is subdi vided into 
four catego ri es on the basis of tex tural a na lyses of bottom 
sa mples as follows : unit 11 a is sa nd with < 50% grave l; unit 
llb is grave l with < 50% sa nd; un it I l e is a highly var iable 
mi xture of grave l, sa nd , silt , and clay that occu rs in the Strait 
of Ca nso a nd its a pproaches and represents a nea rsho re faci es 
of the typica l Sab le Isla nd sand and gravel unit of the Scotian 
Shelf; and unit 1 ld is undifferentia ted sa nd a nd grave l. Unit 
lld refers to areas for which textu ra l data a re not ava ilable 
but which have been included in map-unit 11 because of their 
acoustica lly hard bottom and occ urrence a t depths sha llower 
than that of the subma rine terrace . Thi s classifica tion is 
substantiated by data from adjacent a reas wh ere the p resence 
of fine fractions be low the terrace and their genera 1 absence or 
very low concen trat ions above it distinguish the Sa ble Is la nd 
sa nd and grave l from the Sambro sa nd. 

Within the present study a rea sediments of unit I la a re 
confined mainly to the cent ra l a nd southwestern parts of 
Canso Bank. Sediments of unit 11 b ( > 50% grave l) are present 
on most of the northern and southeastern par ts o f Ca nso Bank 
and across the inner shelf above the e levation of the Pl eistocene 
terrace adjacent to mainl and Nova Scotia a nd Cape Breton 
Island . On the inner shelf, unit 11 b loca lly may a lso include 
bedrock outcrops. At a few loca lities on the inner shelf, as for 
example in the vicinity of the pocket of La Have clay sea wa rd 
from the Tor Bay- Whitehaven Ha rbou r a rea (45 °08'N, 
61°05'W), the sediments of unit 11 contain higher than normal 
amounts of silt a nd clay. This a ppea rs to res ult from fine 
sediment t ra nsport from the adjacent land and loca l deposition 
as a veneer or in sma ll pockets on th e coarser sediments that 
accumulated during the Holocene transgression. Sed iments of 
unit l lc occur south and west of Is le Madame in Chedabucto 
Bay and in the Stra it of Canso . In the latter a rea , definition of 
unit 11 conforms to a reas of ir regul ar bottom a nd is based 

primari ly on acoustic data from echogra ms. It proba bly 
includes some ex posures of bedrock or glacial till and loca lly 
may be overla in by thin pa tches of La Have clay. 

The gra ve l fracti on of sediments on Ca nso Bank princi­
pally consists of subrounded to rounded pebbles and cobbles 
of qua rtzite a nd gra nite with some partic les of red a nd buff 
sa ndstone and shell fragm ents. On the inner shelf south of 
ma inland Nova Scotia, th e grave l fraction mainly comprises 
subrounded to rounded pa rticl es of qua rtzite with lesser 
a mounts o f gra nite, sa ndstone, and sla te in the pebble and 
cobble size ra nges. Samples from several loca lities a long the 
western part of this zone were coated with red or white 
ca lca reous a lgae (Li1/101//(/111niw11). She ll fragments are 
abundant on the eastern ex tremity of the mainland part of the 
inner shelf nea r Carousse Bank east of Cape Canso. Gravel 
on the inner shelf south of Cape Breton Isla nd nea r the 
eastern edge of th e map-a rea consists main ly of subangula r to 
subrounded particles of granite together with some meta­
morphic a nd vo lca nic fragments. In C hedabucto Bay the 
gravel fract ion in th e western part of the bay consists princi­
pally of cobb les a nd pebb les of quartzite a nd gra nite with some 
sa ndstone and vo lca ni c part icles. Sou th of Is le Madame the 
grave l fraction consists predominantly o f sma ll suba ngula r to 
well-rounded pebbles and gran ules of quart zite, gra nite, and 
reel and buff sa ndstone. Li1!101'1a111niu111 cove rs the grave l a t 
most of the loca lities where sa mples of the Sable Isla nd sa nd 
and grave l unit were obta ined in Chedabucto Bay. In the Stra it 
of Canso the grave l frac ti on consists principa lly of pebbles of 
sa ndstone, gra nite, and qua rtzite togeth er with a few fragments 
of coa l. Shell fragments a re particu la rly numerous nea r th e 
sou th ern encl of th e stra it. Wood fibers constituted virtua lly 
a ll the grave l frac tion a t one loca lity midway a long th e stra it. 

The geo logy o f the immed iate subsu rface across the ba nks 
a nd othe r sha ll ow parts of the shelf above the Pleistocene 
terrace is not we ll es ta blished . Such a reas of ha rd bottom are 
not penetra ted by th e aco ustic energy of the echo sounder, a nd 
events in th e immediate subbottom generally are not within 
th e reso lut ion ca pabiliti es of the continuous se ismic profi ling 
equipment employed pri ma rily to obtain bedrock data. In 
th ese areas th e Sa ble Island sa nd a nd grave l unit may be 
underlain by deposits of g lac ia l till or o utwash, or it may lie 
direct ly on bedrock where th e glacia l ma teria l has been 
complete ly reworked. 

The Sa ble Island sa nd a nd gravel represents a trans­
gressive basa l deposit, which in some sha llow a reas is still 
being subjected to modifica tion th rough reworking and 
sediment deposition . 

APPLICATIONS 

MI NE RAL P OTENT IAL 

The cha rt de linea tes th e distribution of sand and gravel 
deposits within the map-area. These constitute a potential 
source of materia l for use as aggrega te. 
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Examination of the heavy mineral assemblage of the 
sediments on the eastern part of the Scotian Shelf by Cok 
(1970) did not reveal the presence of mineral occurrences of 
apparent economic significance. However, the samples 
available for study have been essentially surface samples. 
It is probable that placer deposits, if present, would be more 
likely to occur in fluvial sediments in the bottoms of old river 
channels that extended onto the shelf. Because of the thickness 
of overlying sediment, sampling of this material would require 
specialized equipment. 

INDUSTRIAL AND SCIENTIFIC APPLICATIONS 

Data on the nature and areal distribution of the various 
types of unconsolidated sediments on the seafloor provided 
by this chart and report have a number of engineering appli­
cations related to route selection and burial of submarine 
cables and pipelines, anchoring of platforms and other floating 
structures, foundation studies for design and installation of 
structures on the seafloor, and dredging operations. 

The chart also provides a basis for further geological, 
environmental , and bottom-related biological investigations 
in the area. Early data interpreted for this study has already 
served as a basis for environmental investigations in Cheda­
bucto Bay by Loring (1970) at the time of the Arrow disaster, 
and more recently by Buckley et al. (1974) in the Strait of 
Canso, for studies of sediment hydrodynamics by B. R . Pelle­
tier, and for engineering studies by consultants concerned with 
the development of port facilities by the Nova Scotia govern­
ment. The studies carried out by these individuals and groups 
have in tum contributed data which were utilized in the 
preparation of the chart and the report. 

The following section indicates the degree of roughness 
of the seafloor across the various sedimentary units on the 
chart and is included to aid those involved in fishing operations. 

Mud bottoms represented by map units 8 (Emerald silt) 
and JO (LaHave clay) are usually smooth and relaiively flat. 
Locally, the Emerald silt has an undulating surface where it 
forms a thin cover over the underlying till (map-unit 7). 

Sand bottoms represented by map-unit I Ja (sandy facies of 
the Sable Island sand and gravel) are generally flat and smooth, 
whereas bottoms represented by map-unit 9a (the sandy facies 
of the Sambro sand) range from smooth to undulating and 
hummocky. Boulders and rock outcrops may occur on the 
steeply sloping sides of valleys. 

Gravel bottoms represented by map-units llb and llc 
(gravelly facies of the Sable Island sand and gravel) are rough 
due to the coarse nature of the sediment particles, but may be 
flat and topographically smooth as across Canso Bank. On the 
inner part of the shelf they are hummocky to jagged and may 
include areas of bedrock exposure. Gravel also occurs on the 
upper surface of the Sambro sand (map unit 9b), in which case 
the bottoms generally consist of sand with scattered pebbles and 
cobbles. Glacial till (Scotian Shelf drift, map-unit 7) is a mixture 
of mud, sand, and gravel. It has a rough, hummocky surface and 
would be unsuitable for most fishing operations. 

10 

ACKNOWLEDGMENTS 

We thank the Canadian Hydrographic Service for making 
its echograms available; the late Captain W. J. Vieau, Captain 
F. W. Mauger, and the ship's companies of the CSS Kapus­
kasing and CSS Dawson for their excellent cooperation ; 
D. Clattenburg for laboratory analysis of the samples and 
support at sea; H. Josenhans for assistance at sea and in the 
laboratory ; V. Coady and M. E. Gorveatt for support at 
sea; and E. H. Owens and M. P. Latremouille for critical 
review of the manuscript. 

REFERENCES 

BOWER, M. E. 1962. Sea magnetometer surveys off southwestern 
Nova Scotia, from Sable Island to St. Pierre Bank, and over 
Scatarie Bank. Geol. Surv. Can. Pap. 62-6: 13 p. 

BUCKLEY, D. E., E. H . OWENS, C. T. SCHAFER, G . VJLKS, R . E. 
CRANSTON, M. A. RASHID, F. J . E. WAGNER, AND D. A. 
WALKER. 1974. Canso Strait and Chedabucto Bay: a multi­
disciplinary study of the impact of man on the marine 
environment, p. 133- 160. In B. R . Pelletier [ed.] Offshore 
geology of eastern Canada . Vol. 1. Geol. Surv. Can . Pap. 
74- 30. 

CANADA- NOVA SCOTIA STRAIT OF CANSO ENVIRONM ENT COM· 
MITTEE. 1975. Strait of Canso, natural environment inven­
tory, geological resources. Marit. Resou r. Manage. Serv., 
Counc. Marit. Premiers, Amherst, N .S. 7 p. 

CoK, A. E. 1970. Morphology and surficial sediments of the 
eastern half of the Nova Scotian shel f. Ph .D. Thesis. 
Dalhousie Univ. , Halifax , N.S. 

CORMIER, R . F . 1972. Radiometric ages of granitic rocks, Cape 
Breton Island, Nova Scotia. Can . J . Earth Sci . 9 : 1074- 1086. 

CuRRAY, J. R. 1960. Sediments and history of .Holocene trans­
gression , continental shelf, northwest Gulf of Mexico, 
p. 221 - 226. Jn F. P. Shepard , F. B. Phleger, and Tj. H . van 
Andel [ed.] Recent sediments, northwest ·Gulf of Mexico. 
Am. Assoc. Pet. Geol. 

DRAPEAU, G., AND L. H. K1NG. 1972. Surficial geology of the 
Yarmouth- Browns Bank map area. Mar. Sci. Pap. 2: 6 p. 
(Also Geol. Surv. Can . Pap. 72- 24) 

EWING, G. N., AND G. D. HoasoN. 1966. Marine seismic re­
fraction investigation over the Orpheus gravity anomaly off 
the east coast of Nova Scotia. Geol. Surv. Can. Pap. 66--38: 
10 p . 

FADER, G., L. H . K1NG, AND B. MACLEAN. 1977. Surficial geology 
of the eastern Gulf of Maine and Bay of F undy. Mar. Sci. 
Pap. 19 : 23 p. (Also Geol. Surv. Can. Pap. 76--17) 

FOTHERGILL, N . 0. 1954. Tidal circulation in the Strai t of Canso. 
Report of tidal and current survey. Can . Hydrogr. Serv. 9 p. 
(Unpublished) 

1955. Tidal changes in the Strait of Canso . Report of 
tidal and current survey. Can . Hydrogr. Serv. 9 p. 
(Unpublished) 

GARLAND, G. D. 1964. Gravity measurements in the Maritime 
Provinces. Dom. Obs. Ottawa 16: 185-275. 

GOLDTHWAIT, J. W. 1924. Physiography of Nova Scotia . Geol. 
Surv. Can. Mem. 140 : 179 p. 

GRANT, D. R. 1971. Surficial geology, southwest Cape Breton 
Island , Nova Scotia. Geol. Surv. Can. Pap. 71- lA : 161- 164. 

HooD, P. J. 1966. Ship and airborne magnetometer results from 
the Scotian Shelf, Grand Banks, and Flemish Cap. Marit. 
Sediments 2: 15- 19. 

KING, L. H . 1967a. Use of a conventional echo-sounder and 
textural analyses in delineating sedimentary facies - Scotian 
Shelf. Can. J. Earth Sci . 5: 691-708. 



1967b. On the sediments and stratigraphy of the Scotian 
Shelf, p. 71-92. In E. R. W. Neale and H. Williams [ed.] 
Collected papers in geology of the Atlantic Region. Geol. 
Assoc. Can. Spee. Pap. 4: 292 p. 

1969. Submarine end moraines and associated deposits 
on the Scotian Shelf. Geol. Soc. Am. Bull. 80: 83- 96. 

1970. Surficial geology of the Halifax- Sable Island map­
area. Mar. Sci. Pap. 1: 16 p. 

KING, L. H. , AND B. MACLEAN. 1970. Continuous seismic 
reflection study of the Orpheus gravity anomaly. Am. Assoc. 
Pet. Geol. Bull. 54: 2007-2031. 

1976. Geology of the Scotian Shelf and adjacent areas. 
Mar. Sci. Pap. 7: 31 p. (Also Geol. Surv. Can. Paper 74-31) 

KING, L. H ., B. MACLEAN, AND G. DRAPEAU. 1972. The Scotian 
Shelf submarine end moraine complex, p. 237- 249. In Marine 
geology and geophysics. Sect 8. XXIV Int. Geol. Congr., 
Montreal, Que. 

KING, L. H., B. MACLEAN, AND G. B. FADER. 1974. Uncon­
formities on the Scotian Shelf. Can. J . Earth Sci. 11 : 89-100. 

KRANCK, K., AND R. w. SHELDON. 1970. Preliminary report on 
particle survey in Chedabucto Bay. Atlantic Oceanographic 
Lab., Bedford Inst. Oceanography, Dartmouth, N.S. (Un­
published) 

LAWRENCE, D. J ., L. A. FOSTER, AND R. H. LouCKS. 1973. 
Statistics of currents for navigation and dispersion in Canso 
Strait and Come By Chance Bay. BIO Rep. Ser. Bl-R-73-6: 

10 p. 
LoNCAREv1c, B. D. 1965. The Orpheus gravity anomaly. Am. 

Geophys. Union Trans. 46: 49. (Abstract only) 
LONCAREVIC, B. D., AND G. N. EWING. 1967. Geophysical study 

of the Orpheus gravity anomaly, p. 828-835. In 7th World 
Petroleum Congr. Proc. Mexico City. 

LORING, D. H. 1970. Geological investigations of the oil pollution 
in Chedabucto Bay, Nova Scotia. Marine Ecology Lab., 
Bedford Inst. Oceanography, Dartmouth, N .S. (Unpublished 
report) 

MACLEAN, B., AND L. H . KING. 1971. Surficial geology of the 
Banquereau and Misaine Bank map-area. Mar. Sci. Pap. 
3: 19 p. (Also Geol. Surv. Can. Pap. 71- 52) 

MANCHESTER, K. S. 1965. Seismic profiler study of selected Nova 
Scotia near shore areas. N.S. Res. Found. Rep. 11--65: 38 p. 

MclvER, N . L. 1972. Cenozoic and Mesozoic stratigraphy of the 
Nova Scotia shelf. Can. J. Earth Sci. 9: 54-70. 

MILLIMAN, J. D., AND K. 0. EMERY. 1968. Sea levels during the 
past 35,000 years. Science 162: 1121- 1123. 

NEU, H.J. A. 1970. The hydrodynamics of Chedabucto Bay and 
its influence on the Arrow disaster. Atlantic Oceanographic 
Lab., Bedford Inst. Oceanography, Dartmouth, N.S., 63 p. 
(Unpublished report) 

OWENS, E. H . 1971. A reconnaissance of the coastline of Cheda­
bucto Bay, Nova Scotia. Mar. Sci. Pap. 4 : 24 p. 

OWENS, E. H., AND G. DRAPEAU. 1973. Changes in beach profiles 
at Chedabucto Bay, Nova Scotia, following large-scale 
removal of sediments. Can. J. Earth Sci. 10 : 1226-1232. 

SHELL CANADA LTD. 1971a. Well history report, Shell Argo F-38. 
Released to open file Feb. 19, 1973, by Dep. Energy, Mines, 
Resour., Ottawa. 

1971 b. Well history report , Shell Eurydice P-36. Released 
to open file Oct. 24, 1973, by Dep. Energy, Mines, Resour., 
Ottawa. 

WEEKS, L. J . 1954. Southeast Cape Breton Island, Nova Scotia. 
Geol. Surv. Can. Mem. 277: 112 p. 

1965. Geological map of Nova Scotia. Nova Scotia Dep. 
Mines, Halifax, N.S. 

11 


	pa_76-15_c
	pa_76-15_t

