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The development of Soviet ocean fishing, the need to

increase the catch and, therefore, the expansion of the

fishing area have required the study and exploitation of

fishing grounds of the northwest Atlantic belonging to the

continental shelf and slope of North America and Greenland.

Oceanographic investigations in that region were organized by

the Arctic Institute ("PINRO") in 1954, when the Newfoundland

area was visited by a study team on the scientific ships

Sevastopol and Odessa, a field trip that was in the nature

of a reconnaissance. In the .following years, investigations
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were carried out on the continental shelf and slope along the
coasts of Nova Scotia, Newfoundland, Labrador, Baffin Island,
and West and East Greexiand. The geomorphological investiga~
tions involved more than 32,700 miles of echo sounding and
660 bottom samplings. The resulting data make it possible to
elucidate certain questions coﬂcerning{the geomorphology of

the bottom of the Northwest Atlantic.

Terrestrial Geology

From the land side, the area of the Northwest Atlantic
adjoins a region of heavy glaciation which covered the North
American continent during the Quaternary period and which is
preserved to this day in- Greenland. The continental shelf in
this area, geologically speaking, is a part of the North
American Platform, with the Canadian and the Greenland shields
and the adjacent zone of Paleozoic folding. The North American
PlatformApakes up more than half the North American continent
and represents its structural base (17). The morphology of the
qontinent, reflectlng its structural characterlstlcs, exhibits
the following sequence, from the middle of the continent to-the
ocean: plateau (shield) =-- interior plains == mountainous
relief -- coastal plains - continental shelf =- continental
slope -- hottom of the ocean basin., The largest structural-
morphological units that make up the eastern coast of North
America and that are bounded by the depression of the Atlantic

Ocean, are the Canadian Shield, the mountain system of the




Appalachians and the Atlantic Coastal Plain. The Shield also
embraces the southeastern part of the Candian Arctic Archipe=~
lago (Baffin Island and others) and Greenland.

The Canadian_Shield occupies the entire Labrador

Peninsula and extends into the Canadian Arctic Archipelago.
The massif of the Shield is rendered complex by large ru?—
tures or fault zones. A large fault extends from north to 24
south along the southwestern part of Baffin Island and the
coast. of Ungava Bay in northern Labrador and cuts off the
northeastern part of the peninsula. Another fault runs

at right angles to the former from southwest to northeast

and separates the southeastern margin of the Shield., This
fault is exposed at the east coast of Labrador and extends
into the peninsula's shelf., In the eastern part of the Shield
we know of several small faults or fractures, which have

given rise to fjords on the Labrador coast (19).

To the Shield corresponds the low Laurentian Plateau,
representing :an ancient peneplain on the Shield structures
apdﬁworked over by glaciation. fhe eastern uplifted margin
of the plateau was cut off during pre-glaciation (Upper
Tertiary) time by a large fault along which a subsidence took
place (28), i.e., the subsidence embraced the area of the
modern shelf.

The Canadian Avrchipelago, in its geological structure

and relief, is closely related to the northern part of the con-

tinent, Mesozoiq—Cenqzoic-tecﬁpniC;mpvcments led to a




break-up of the northern part of the Shield; this involved
not only the ancient features of the Archipelago but in some
areas fractures and fauits also disturbed Terﬁiary strata
(17, 39).

At the southeastern extremity of Baffin Island we
know of basalt which may be of the_same age as the basalt in
the area of Disko Island, where it breaks through Cretaceous
and Tertiary rocks overlying the foundation (28, 38). The
shores of many islands in the Archipelago exhibit shore lines
at an elevation of up to 200-~300 m, evidence of an uplift of
the islands during post-glacial time (20).

The Appalachian mountain system extends along the

eastern margin of the continent and, preserving its northeastern
strike, dips to the northeast of Newfoundland beneath the
sea level,. The Appalachian relief is characterized by an alter-

nation of ridges, which are narrow and considerably eroded

and which extend along the strike of the tectonic structures,

and intervening broad-valleys. ‘The relief form usually -

reflects directly the“folded structure, but one can often ob-

_serve an inversion of the rglief. Many valleys have the shape

of grabens as a result of subsidence along fractures.

The Atlantic Coastal Plain is closely related to the
Appalachians, whose buried structures are overlain by the |
strata of the plain. The coastal plain and its submarine
extension are composed on the-ocean side of a strétum of sedi-

mentary rocks whose thickness increases at the margin of the




continental .shelf, where the foundation is buried most deeply
(19). The mannef in which the sedimentary rocks are bedded
indicates repeated flv.iluations in the continental margin, with
the predominance of a general slight subsidence, disturbed in
some places by fractures, and a displacement of the axis of
tectonic movements toward the obean (28). The presence of a
series of Pleistocene terraces along the coast indicates con=
siderable fluctuations in the sea level, coinciding with
glacio-isostatic movements of the land due to variations in the
thickness of Quaternary glaciation.

In Greenland only the margins of the shield are free

of ice; beneath the ice the surface of the shield may be de-

. pressed 250~400 m below the sea level (42). Mountain massifs

and the plateau of the coast show traces of being scoured by
the icesheet and are cut up by fjords many of which run along
lines of fractures.

A post-glacial uplift of the marginal parts of Green-
land is indicated by uplifted shore lines along the western

and eastern shores of the island (28).

Relief of the Continental Shelf and Slope

in the Northwest Atlantic

The largest elements of the relief of the bottom of
Northwest Atlantic are the continental shelf, submarine sills,
the continental slope, abyssal plains in the ocean basin, and
the Mid-Atlantic Ridge, represented by the North Atlantic and

the Reykjanes ranges.
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G I Fig. 1, Bathymetric scheme of

the Northwest Atlantic,

1 =~ location of bottom profiles:
A -~ Soviet scientific ships,

B «= German scientific ships (70),
2 -~ regions: 1 -~ Nova Scotia,

2 == Newfoundland, 3 -~ Labrador,
4 -- Baffin Island, 5 ~= West
Greenland, 6 -- East Greenland.

The Northwest Atlantic continental shelf extends

along theée eastern coast of North America and fringes the

east and west coast of Greenland. The depth and width of the

shelf and its differeﬂtiatiog'vary in the regioné._ The outer
(marine) margin of the'Shelfiis well indicated throughout by
the discontinuity in the bottom level.and_is situated at
various depths from 60 to 100 m southeast of Newfoundland

to 300-400 m along Labrador and_East_Gr};ehléi'nd'._,ime width of
the shelf varies frdm'30-100ﬁmiles at Cfeehlandvénd Labr#&or
to 200-300 miles in the area of Newfoundland (Fig. 1),

. " In Davis Stréit, off the Séutheast extremity ofﬁw

Baffin Island, the surface of the East American Shelf.grﬁdually

. : . . Ka' ih - (:(m.n/:bn-&l 152 .
goes over into the surface of the Greenland-Canadiap-submarine




«s11T, which extends to the Greenland shelf, Water depth over
the sill reaches 600-700 m, The g;}i'separateq the Baffin
Sea basin on the north from the Atlantic Ocean basin to the
south, On the east of Greenland, in the Strait of Denmark,
there is also a giil, formed of the extensions of the Green-
land and the Iceland shelves,
The continental slope begins at .the edge of the shelf
and extends to a depth of 2,500-~3,000 m. Morphologically it
is represented by a gigantic ledge, which is steeper in its
upper part, In its lower part the élope"drops~off more grad-
‘ually and its foot merges with the bottom of the ocean basin.
The width of the slope zone is 30-50 miles, The inclination
of the slope varies on the average from 3-5 to 6-10°, and in
some places off Greenland up to 15-20°, In some places the
continental slope is fairly even, bu£ it is often cut up by
deep submarine canyons;isteps-and ledges and exhibits the
character of large-scale block~break—ﬁp,
In the depression of the Northwest Atlantic there are
two large basins - the Labrador and the Newfoundland Hasln.

'l\ - é’h’.u Fadc

The Labrador Basin . is situated south-of the-Green

158 , .
8ill- between Labrador and Greenland. Farther south it merges

into the Newfoundland Basin , which in turn merges with the
| larger and'deepér North American‘Basih of the. Atlantlc Ocean.
The bottom of the basins . is mainly level Abyssal plains
~within ‘the basins : are situated at depths of 3,000-5, OOD.m.

In the bathyal depre551on of the ocean there is the

26

| M1d~Oceanlc Canyon. During the 1nvest;gat10ns in the Labrador -~
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Fig. 2. Bathygraphic curve of area under study.

and Greenland . areas .with the SS.Sevastopol, Akademik Knipovich

and Persey-I11I the canyon was traversed and echo-sounded at

several sections in the Labrador Basin .. It extends approximately
a10ng the trough axis somewhat nearer theﬁNorth American conti-
nental slope, has a flat bottom, and steep sides; its relative
depth is 60-165 m, its width 2-5 miles (34).

On the east of the baéinﬂ the.northwestérn part of the
ocean is bounded by .the Mid-Athntic Ridge. The foothills of
éhe Mid-Atlantic Ridge have a broken relief, Within its hilly
margin fluctuations in relative heights amount to 300~-600 m,
The Reykjanes . Ridge:gepresents,a massiveiuplift, whose relative
elevation reaches 700-1,600 m, HMost heavily broken up is its

' southwestern part, where the extension of the rift zone of the

v




-North Atlantic Ridge contains several large;longitudihal
valleys and narrow, steep crests with high summits; withink
the ridge, the slope angle reaches 20-50° (69).

The ratio between the areas of the shelf, the conti-
.nental slope and the bathyal depression, obtained by the
approximation method (7), is shown by a bathygraphic curve
in Fig., 2. A large part of the marine area (51.8%) is occupied
by depths of 2,800-5,000 m and more. The shelf, with depths of
0-200 m, makes up 19,7%, and with depths of 0-500 m, 28.4%.

The morphology of the shelf exhibits features typical

of all zones. At the same time, many morphological character-

- istics of the bottom in specific localities ére related to theii

.geological structure and the history of the .adjacent land,
: We'shall~revibw six regions: Nova Scotla, Newfoundland, Labra-

dor, Baffin Island, West Greenland and East Greenland (Fig. 1)

Review by Regions

The Nova Scotia shelf is ‘divided by a broad longi-

tudinal depression with a depth of up to 250 m into an inner
. (Qqastal) and‘anibﬁter part and is cut up by two large trans-—
versé'trenches extending from the Gulf of St. Lawrence and the

Gulf of Maine. Ind1v1dua1 upllfts in the inner shelf are

" cut off at the level of the surface of the outer part of the

shelf, which is malnly level (Fig. 1, 3; profiles 25-27). In
its southwestern part (Georges Bank) there are~sqnd fiages;

extended in the direction of the existing tidal currents. At

27
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Fig, 3. Bottom profiles in the Northwest
Atlantic., Ratio of vertical to horizontal scale
1:37, for German profiles, 1:50,- Location of
profiles shown in Fig, 1. (Distances in miles,
depths in kilometers.)

-a depth of 200 m the shelf is bounded by the continental . slope. .
The slope is broken up by steps and is cut up by deep canyons,

the upper eﬁds of which usually cutsonly through the margin of

the shelf.

. The Newfoundland shelf, in its hypsometric éharacter,

is divisible into two sub-regions. The northeastern parf of the

ske 1f is more depressed, and the margin of the shelf is situated




at;a depth of about 400 m. The shallow portions of the shelf's
banks (Belle Isle and Northern Newfoundland) and the transverse
trenches that divide them, like the adjacent land structures,
have a northeastern strike.

To the east and southeast of Newfoundland the shelf
is level, and a large portion has depths of less than 100 m;

a somewhat greater depth is found onliy over the bank of
Flemish Cap, separated from the main shelf mass by a trench
with a depth of up to 1,200 m (Fig. 1, 3; profiles 19-24).

The Grand Bank of Newfoundland is bounded at depths
of 60~200 m by the steep 6ontinenta1 s1ope, and its south-
eastern margin is cut up by canyons.v'Along the Northern New=-
‘foundland Bank the continental slope inclines gently (1-2°) ; 28
and evenly, At its northeastern extension, where the
strike of the slope changes and where it intersects the sub-
marine extension of the island‘stnucﬁures, the slope angle in-
creases (3-6°), and at a depth of 750~770 m there is a terrace
representing a structural bench. |

The Labrador .shelf is situated at greater depth

than the Grand Bank of Newfoundland,‘fPOmhwhich it is separated
by 'a still deeper ared, The dip from shelf to slope begins at
a depth of 300 m., The southern part of the shelf is cut by a
longitudinal trench with a depth of 500-600 m and a width of
10-25 mlles, which runs for 350=-400 mlles at a dlstance of
10-30 miles from the shore and parallel to the latter up to

'§7°20" lat. The slope of the trench, on the coast side, rises
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by steep ledges Qith sharp outlines (Fig. 1, 3; profiles
15-19). The broken-up character of the slope is also typical
of the coastal part oi the shelf, while its outer part has

a relatively level surface,

The.shelf is also cut by two transverse trenches,
situated along the extension of Hamilton Inlet, and at 56° lat.,
where a fracture extéends to the coast that is also known in
the interior (19),.

The Labrador continental sloﬁe is heavily broken
up. The average slope angle is 3-5°, but in its upper part
and on the 1edges it reaches 10-15°; At the extension of the
transverse trench at 56° 1ét. the éontinental slope is cut by
a deep canyon, o

The Baffin Island shelf, along the northeast coast,

is narrow (10-15 miles) and broken up by transverse trenches

into a number of blocks. The margin of the shelf is situated

at a depth of about 200 m. At the southeastern end of the island

"the shelf isiless cut up, being traversed only by broad,
shallow trenches, situated along the extensions of Frobisher
and Cumberland bays. East of 'Baffin Island the_shélf descends
'gradually,lanQSa depth "of 400-500 m 1t merges with the surface

u - (ﬁ»adt{&hbl 5e

of the Grecn}&ndwe&nﬂéianmstil-(Flg. 1, 3; profiles 1, 2, 14)
In the southwestern part of the gzil-the gradual transition is
’dlsturbed by a more abrupt dlp, and the bottom slope reaches
2-3°, In the northwestern part of the S&ii -approximately on

the line of the aforementioned dip, there are ledges with a

O AR . Ve a WE ARSI
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helght of 30-40 m, facing Baffin basin. The southern slope of
the-ggii-ls falrly gentle, but at a depth of 2,000 m it is |
interrupted by a 1edge with a height of 300-400 m. In the
western part of the southern slope of the<géii' where it links
up with the continental slope of Baffin Island, there is a de-

pression with a depth of about 200 m,

Therggsp Grggnland shelf is separated from the Green-
} '4,(," (?)*vdw vf\il }\Lfr. . ‘
<€amadian sitl by a distinct ledge with a height of 300-600
m and a slope angle of about 10°. Where the shelf and the
Hse
sitt meet at the margin of the shelf there is a well-developed
terrace (64).
Typical of the West Greenland shelf, as of -other
.regions, is.a .system of longitudinal and transverse trenches-
thét"dividé its mass (2, 32, 52). The large blocks of the
shelf are depressed to varying depths., At the latitude
_ BsL(/uh CH—«’-V\:/MN} —El“ . . )
of the=Grceniand:&anaﬂtan~s&&}—the margin of the shelf lies at
a depth of 150-200 m, in the region of Disko Island it is at
a depth of 400 m, and south of the sill, at 200-=250 m,
The continental sl pe of GTee land, from the southern
')\ - ‘7‘(/"\/ L \L)k_
-end of the 1sland to the.; Green&andueaaaé&an~si%}; is:high and
.steep (up to 15-20°), Along the ledge of the continental slope,
H3€
where it meets the sill, there is an exten81ve depre351on Wlth

. a depth to 900 m (Fig. 1, 3; profiles 1, 25 8-13).
The East Greenland shelf resembles that of West

Greenland (; 2, 25), but it is much more depressed‘ilts edge
1iesAmainly at depths of 250 to 400 m, Depths in the basins

-of Iongiﬁudihai and transverse trenches reaches 500—900 m.

29




14

The continental slope of East Greenland has the
shape of a=massivé ledge, whose southern part is heavily
broken up (Fig. 1, 3; profiles 6, 7). The angle of the
slope averages 6-8°, but in some parts reaching depths of
1,000~1,500 m it reaches 18-20° (6).

This brief review of-the'bottom morphology of the
Northwest Atlantic shows that aloné with différences in the
structure of the shelf in the various regions there are features
common to the entire shelf. The large relief forms often iﬂdi-
cate a direct regional link with the buried)structures of the
adjoining land areas, which in some places can be traced also

within the continental slope. The similar structure of the

_Northwest Atlantic shelf undoubtedly reflects the existence

:during_the-pastfof a sidgle relie f-forming factor. A typical

feature of the entire shelf is the system of longitudinal and
transverse trenches that cut up the shelf and that typifly the

morphology of regions subjected to Quaternary glaciation.

Bottom Geomorphology

#Mbrbhostructure and Morphoscuipture'pf the Bbptom,

Their Origin and Develbpment

_ On the basis of geological and geomorphological data
thé ﬁ$;£hwest Atlantic shelf is to be divided into two morpho-
structural types: (1) the continental shelf in the region of
the Canadian-Greenland Shield -- the regions of Labrador,

Baffin'Island, and Greenland; (2) the shelf in the area of




. are the trenches of the Gulf of Maine and the Gulf of St. Lawrencas.

15

Paleozoic folding -—~ the regions of Nova Scotia and Newfoundland.

The shelf in the regions of Labrador,‘Baffin Island
and West and East Greenland represents a denudation plain
developed on Precambrian structures of the shield in the course
of its lengthy continental development and subsidence beneath
the sea level during the inundation of the land. The base of
the slightly undulating plain of the shelf off Nova Scotia and
Newfoundland is provided by submerged Paleozoic folded struc-
tures, eroded to a considerable degree and overlain by a
Mesozoic=Cenozoic mantle (Fig. 4).

The morphostructural features of the-shelf are sore

‘distinct in the regions of Nova Scotia and Newfoundland, where

“the_macrorelief of the bottom is controlled by the original
relief of the submerged Appalachian structures,

The position of the large uplifts and'negative_
relief forms of the shelf points to a direct.link with the
Caledonian structures of the continenﬁ. According to geophysical
data, the uplift under Sable Island (51), situated on the outer -
bért'of the Nova Scotia shelf, as well as a large fracture
extending from the Bay .of Fundy .to Newfoundland (29), possess,

. like the large features of the shelf relief, a northeastern

strike, typical of the terrestrial Appalachian structures.

Apart from the longltudlnal rellef features, the

Nova Scotla shelf has transverse features, the largest of whlch

The .St, Lawrence Gulf trench is laid down along fracture lines




énd“fgllows ﬁhe course of a pre-glaciation river (63).
The second trench appears to have an analogous
origin, Although thess fractures do cut through longitudinal
structures,they may be.of approximately the same age as the
latter, Transverge structures are also known in the Appalachian
system on land.
Seismic studies have shown that the Newfoundland 30
shelf is a structural extension of the Appalachian'folded
system (60), This is also indicated by the morphology of the
shelf. | |
The morphostructural features of the shelf are even

more distinct toward the northeast and southeast or south of

the island, where the shelf (G%&nd Bank) has a general dépth of
less than 100 m and is undoubtedly a part of the heavily
denudated land, further scoured by glaciation during a lower
sea level, when the bank may have been a single whole with

the island. Relief forms indicating a connection bétween the
structures of the land and the shelf are broad valley-like
depressions along the extensions of the southern béys of
Newfoundland between the Grand Bank and Gfeen Bank, and between

Green and St. Pierre Banks (2, 24). Among such forms' is also

the hollow along the eastern shore of the Avalon Peninsula, All
of them retain the northeast strike typical of Newfoundland,

“Northeast of Newfoundléhd, along the strike of the

island's Appalachian structures, the shelf strip is submerged

more deeply than in the southern and southeastern sections, and

-
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Fig, 4. Tectonic scheme of the Northwest Atlantic.

1 ~~ Canadian-Greenland Shield: & == on land; b == on the

sea bottom with a continental-type crust; 2 —= region of
Paleozoic folding ‘in Nerth America:. & == on.land, b -

on the -sea bottom with a continental—type crust; 3 --
system of the Mid-Atlantic Ridge (modern mobile belts):
a -- North Atlantic and Reykjanes ridges, b == buried
range in the Labrador Basin ; 4 -=- Cenozoic effusive
mantles; 5 -- sea bottom with transitional type of

‘erust; 6 -~ sea bottom with ocean~type .crust; 7 -- frac- .

tures and faults on land and, presumably, on the sea
bottom (exhibited in the submarine relief); 8 -- axes
of uplifts of Appalachian structures. on the shelf;

9 -- margin of glaciation. S -

-
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separates the Grand Bank from the Labrador shelf. Here the
;érgin of the.shélf is situated at a depth of about 400 m,
The transverse trenche . in the shelf, and also the shallow
parts of the banks of. Belle Isle and North Newfoundland, as
well as a terrace or. the continental slope on the northeastern
extension of the latter, are situated at thei extension of the
island structures .and have the same strike, Theﬁbanks on the
shelf undoubtedly correspbnd to.the higher position of the
submerged Appalachian structures of the island, while the forma-
tion of the terrace on the slope is due to.the disturbance of
the flexure of the continental slo;é by a fault. Small steps
on the continental slope are also observable north of thé
terrace. Transverse trenches in the shelf relief represent
a monphological ekpression of E?oughs and deprgssions-along
fractures subjected to river and laﬁer to glacial erosion.
A similar structure is also known on the island itself (17).
The banks and trenches in this paft of the shelf-
represent, essentially, reflections of the‘ipngitudinal struce
tures of the Appalachian system, bﬁﬁ as the geﬁeral strike of
the shelf at Newfoundland changes Abnuptly.fnomwarnoﬂthéastern
;to a north bynnqrthwesﬁern'dne, they are cut short by tﬁé.piane
‘of the continental slope and appe&f\Sn the sﬁéif as transverse
.relief features. The céntinentéiiélope cuts through'tﬁe Appa;
-léchiaﬁgétfucturés at the protrusion of the Northern Newfoundland
Bank in the region of the terrace and farther norfh, while

fartﬁérJSOuth it runs at an'acute*éhgle to the former. The
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slight gradient of the slope in the'southern part of the
Northern Newfoundland Bank may possibly be due to the sub-
mergence of the limb of one of the Appalachian fwlds, similar
to what is happening on land, where the eastern slope of the
Appalachians dips toward the ocean and is overlain by the
deposits of the Atlantic Coastal Plain. In the region of the
terrace and farther north, i.e., where the conpinenpal slope

_runs across the strike of the Appalachian structures, it is
much steeper,

In the area of the Canadian and Greenland shields
in the regions of Labrador, Baffin Island and Greenland,

.we find as distinct morphoStructurai.elements large longitudinal
and~transverse~depressionswinwthe shape of submarine trenches
that cut up the relief. If on the-shelf in the area of Paleo-
zoic folding large features of the submarine relief correspond
to the strike of terrestrial folded structures, we find that
in the area:of the shield such a relationship is difficult to
establish,aapart from the large transverse depressions existing
on landS;nd traceable on the shelf. |

Inthe ‘Labrador region-a large 1ong1tud1nal trench
is found in the southern half of the shelf. It extends south-
~ ward onto the Newfoundland shelf, where it cuts buried Appa-

lachlan structures; it is therefore younger than the latter.

In the northern part of the Labrador .shelf the longitudinal
trench gradually peters out. Along 1ts extension there are

several relatively shallowydepressions. A nearly'continubus




depression, which is only occasionally interrupted by uplifts
'in individual shelf blocks, extends along the coasts of West
and East Greenland.

The formation of large longitudinal depressions is 32
being ascribed to discontinuous dislocations accompanied by |
an increase in differentiating movements along the land-sea
boundary during Alpine tectonogenesis. During the arched uplifting
. of terrestrial blocks, radial fractures might also have.been.
laid down (4). This could have led to a revival of older
dislocation zones, Lines of radial fractures are filled by
many of the coastal fjords, which extend into the shelf in the
shape of transverse trenches.

Large longitudinal and transverse depreSsiOné are
typical of the shelf in areas of past and present glaciations.
They are known along the coasfs of Norway, Spitzbergen, and
the Antarctic. Deep longitudinal depressions in ﬁhé shelves
of all these regions are situated along high, mountainous
coast lines that bear traces bf'Being uplifted during post-
glaciation time,and thése depréssions separate the inner part
of the shelves with an uneven relief from the relatively level
- outer part. The generdl patterns of the shelf’structure of
glacial regions demonstrate thé egérmous role of the Quatefnary
icesheets in the formation of their relief. Such a negative
' fact as the lack of analogous features in the shelves of non=
glaciated areas {50) may also be taken as an indirect confirma-

 tion of this statement. The loading effect of thick continental
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ice can to a certain extent be correlated with the effect of the tectonic -

factpr. With a density of the sub=-crust material of 3.3 and that of the
ice of 0.9, the ice load was bound to cause a depression and, therefore,
its removal was bound to produce an isostatic rise of the earth's crust,
corresponding approximately to 1/3 the thickness of the ice. We know that
the glaciers of the Antarctic and of Greenland are isostatically comp en-
sated (8, 40, 41). |

We also know that the Canadian Shield (like the Baltic Shield)
experienced an uplift during pre~glacial time as well, i.e., an uplift
not related to glacial loading. Consequently, the glacio-isostatic
movements turned out to be superimposed on inherited tectonic ones (i3).
Fluctuations in the area and thickness of the glaciers during the Pleisto~
‘cene undoubtedly led to the repeated revivgl of tectonically produced
pre~glaciation depreselons laid down during differentiated movements
along the continental margins.

The formation of a broken-up relief on the interior shelf of
the Antarctlc is being ascribed to its recent freelng from ice and young
disruptive dislocations in that area (14).

Reviewing the origin of the iohgitudinal depressions in the
shelf off Scandinavia and .Labrador, Holtedahl (AS) notes that they may
Ee of Pleistocene age. The contrastlng relief in the reglon of the longl-
tudinal trenches and the coastal part of the shelf appears to have a more
recent, post-glaciation origin., This folloWS from a comparison of the
morph010gy of the bottom and post-glac1at10n movanents of the land margins.

In . glaciated regions, the inner, coastal part of the shelf,
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because of the abrasive~accumulative action of the sea during post=-glacial
tlme, is usually-more levelled out than the outer part (3). In glaciated
regions, on the contrary, *':v coastal part of the shelf is heavily
broken up. This confirms onee more the.role of recent movements in the
| formation ofithe differentiated relief of the inner shelf of glacial
regions, There appears to be some sort of inheritance of the primary-
"structural relief in the inner“pan£~oflthe shelf, causedby fraptgnes at
the land margin during Tertiary time. To some degree this relief could
be preserved owing to the protective icé cover. The time difference be-
tween the freeing from ice of the inner and outer parts of the shelf,
during the degradation of the ice cover (about 10,000 years ago), could 33
not have been great. The outer part of the shelf now lies at dépths be;_
yond1£he:reach'oflactine abrasion, andtits'relatively level surface is
mainly inherited. Additional levelling of this part of the shelf may
have taken place during lower sea levels. The rise in the level of the
sea and a shift in the zone of wave action led to a levelling of the
immer part of the shelf as well. The low rate of abrasion of resistant
crystalline rocks and, perhaps, a femporél gap in this process, could not’
cause. such .a great difference in the deéree of levelling between the inner
‘and outer parts of ‘the modern shelf in the region of the Canadian—
\Gfeen}nndAShield. .This once more confirms the conclusion that the
Shélf fepresents an nlreaiy heavily denndated depressed portion of the
. land, undlsturbed in its outer part, and that the broken-up rellef of the .
ﬂinner ‘'shelf is due to a bresk<up in a fracture zone. . \

Bottom profiles of the reglons of Labrador and Greenland show
g.that the interior slope of the longltudlnal depre331on (on the land 51de)
is much steeper than the outer one, it rises by ledges that are further e

broken up, and it undoubtedly contalns outcrops of bedrock A" similar

ﬂ’asymmetrical profile is also found in the 1ong1tud1nal depression on
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the shelf of - Bastern Antarctica(lh). Typical is the bottom profile in
the West Greenland region, where we‘can dbéerve the contact of the ice-
levelled slope of a transverse trench and the heavily cut up slopeof a
longitudinal trench (Fig. 1, 3; profile 10). The young features and the
sharp difference in relief at the contact of the transverse and the longi-
tudinal trench indicate post=glaciation dislocations in the area of the
longitudingl depressien,

L} ;
PaTin- Crita\ cm.—l 1se

morphology at the latitude of the .Gréenland=-Canadian—sild, where there are

Evidence of post-glaciatign movemjnts is also found in the bottom

large depressions at the juncture of the gii; with the shelfs of Baffin
Island and‘Greenland. At the mérgin'of thevwest Greenlénd shelf,iwhere it
meets the gggﬁa there is a fairly broad terrace. It extends along the
outer part of the shelf=and‘is separated from the éurféce of the.baﬁks by
"a lédge with a height of up to 150 m. The terrace could have developed

at a lower sea level during the.Pleistoéene, during a period pfeceding
the post=~glaciation transgression, when icesheets covered nearly the entire
modern shelf, and the ledge of the terrace corresponded to the position
of the shore line. The surfaces of the banks have a more varied micro-
relief than the terrace. The abrasive-accumuiative level ling -of the banks
began later than that of the terrace, during the withdrawal of the ice
and the rise in sea leﬁel. The start of the post-glaciaﬁion tranégression
apparently also marks‘the roiling of the rock fragments on the shelf,

3 fock fragments of igneous and metamorphic £ocks and sedimentarydr0qks

6f the diamictite t&pe, of Paleogené“age. Samples of tﬁése wefé Broﬁght>

up near the terrace on #kecBananaBank (52). - -




A large and undoubtedly tectonic depression which extends along .
"~ the ledge of the contlnental sﬁope %ff Greenland, enters into the shelf
' «flin = l.uJ'\, any ise
where it joins the -Gueenla .d-Canadian-sil} and divides the terrace into two
'parts. The terrace is considerably deformed. The northern part of the
terrace is submerged more deeply, its outer margin is situated at a depth
of 300-360 m, while the margin of the southern half of the terrace is
situated at a depth of 250 m, i.e., the shift amplitude of the surface of
the formerly undivided terrace on either side of the depression attains
50-110 m. The fact that the depression at the ledge of the continental slope
is not compensated by sediments is ev%dence of re eqp or renewed movements
LT - 'Tf-«’—lulwhj 81
in the area of the juncture of the -Greentand=Canadz—siit and the CGreenland
‘#» - - shelf, The movement affected the adjacent part of the shelf and deformed

the. sbrasion terrace on its margin -and it also formed a ledge (fault)

-with a height of 500-600

wh*ch 1] nowiobservable in the bottom relief

Ti*u f (\m t3e
nd=Ganadian-sill from the Greenland shelf.

;.H
and which separates the - o1t

Thus it happened that during the levelling of the shelf by exogenous
.processes during post=glaciation time its relief was also rendered more
complex by endogenocus factors. | |
The post-glaciatien uplift of the land and the sea level proceeded

at a considerable rate, being retarded non-uniformly. The rate of the

;.riee‘of the land (according to radiocapbon dating)»in Eést'Gfeenland and

Labrador, 6,700-9,000 years ago, was about 6~9 meters per 100 years; during

the next 3,000-4,000 years it dropped approximately to 0.6-<0. 9 meters per 100

years, and later to approxlmately 7 centlmeters per 100 years (62, 67, T1).
The rate of the rise of the sea level,.lh,OOO-é,OOO years ago, was one.

meter per 100 years. About 9,000 years ago, the sea level was 15 meters




ERE
‘ ' ‘ lower than now, and.about 5,000-5,500 years ago, about 3-4 meters higher.
{ ' The most recent investigations and calculations show that the maximum
rise in sea level during post-glaciation ﬁime could scarcely have been
more than 120-135 m (26, 57, 65), whereas éncient shore lines in glaciated
regions are lifted to a height of 200-300 m, and sometimes more. Thus,
during the general rise of the land and sea level, there occurred an
~ uneven relative rise of the land in glaciated regions. This rise in the
land, with a shelf that remained relatively stable, was bound to be reflected
in the submarine relief, increasing its variety along the weakened
fracture zone within the shelf.

One of the additional factors contributing to the greater con-
trast of movements between the rising land and the shelf appears to have
been the loading effect of the seabwater'stratum on the margin of the

submerged land. No data exist as to the qualitative, let alone quantitative

assessment of this effect, but we are justified in raising this question (35).

It is assumed that in order to attain an isostatic equilibrium.
there occuré, in the region of uplift, a spreading of subcrustal material
(37), or else the uplift is compensated bx»an inflow, by a shift from the
region of subsidence (41). At the same time the région of the shelf,
during the rise of the"lénd and the degradation of the icesheet, was sub=-

- jected to the action of a new exogenous factor -- marine transgression, .
caused by a rise in sea level, In other words, on the shelf the ice loadlng
was replaced by water loading, which obviously must have a cer#ain effect on
the stabilization of the shelf relative @o ﬁhe rising land.':Thgﬁaction :
of this loading must apparently continue until some compensation level is

attained, and it must be determined by the degree to which the earth's crust
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is capable of adapting to néw,.changed cohditions disturbing the preﬁiously
exisﬁihg state of iéostatic equilibrium. The same type of effect is pro-
duced by the loading of fr _zuented materiai carried into the sea during the
denudation of the rising land. The mechanism of this process is bound to
be the same as with glacial loading.

We do not, unfortunately, possess sufficient reliable data on
the minimum dimensions. of an-icesheet. capable of effecting a depression in
~the earth's crust. Such an icesheet would presumably have a thickness of
1 km and é diameter of about 500 km (62). According to other data, even
a glacier with a thickpess of a few hundréd meters produces excess stress
in the earth's crust (9). With an ice density of 0.9 and a seawater
density of 1;03, a ZOOﬂﬁeter.layer of shelf w;ter must produce a. load
corresponding to a glacier with.a thickness of about 230 m. <Consequently,
Weight of the shelf water together with that of the water on the continental
slope adds to the influences affecting the various movements along the
land margin, especially where a dislocation zone already‘exists within
the shelf, and contribute to the rejuvenation of the submarine relief.

| The post-glacial uplift of the Goasts of North America and
Greenland proceeded unevenly. In the Nova Scotia region it is wegk.
The zero isobase runs through the Nova Scotia Peninsula énd the island
of Newfoundland. On -the coast of Labrador the uplift aﬁtgins lOQ:m; de~
Acreasing toward the northeast of the peninsula. The upiift of Baffin
Island appears to have been independent. ihe east coast of Greenlgnd
is raised more than the west éo;;t:(ZQ). A certain connection is ;g;
servable between the degree of uplift éf ﬁhg land and the dépth of the

shelf: the greater the height of the rise of the land block, the more
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depressed is the shelf and the greatervthe depth of the longitudinal
depressions within the shelf. Lesser depths and smoother shapes characﬁerize
the depréssions in the region of Nova Scotia and south and southeast of
Newfoundland. The position of the shelf surface at approximately the
same hypsometric level on either side of the transverse trenches of Cabot
Strait and the Gulf of Maine points to a lengthy relatively stable condition
of the region,. even though it was: subjected to an earthquake in'1929 whose
epicentre was located in the upper part of the continental slope at Cabot
Strait. The relative stability of this region is also confirmed by level
observations (28, 44).
| Therefore, the flooding of the shelf in this area is due mainly
+o a rise ih~sea level in post=-glacial time, |
More .distinct are the .depressions off Labrador, and»eVen~moré
so.aloné the coast of Greenland. The great gen@nél{depth of the shelf in
thése regions :1s- apparently due tb a conjugate, compensatory depression of
the shelf relative to the glacio-~isostatic rise of the land. ' The highefn
position of individual shelf blocks against the background of a general
submergence is:iprobabl& due to regional effects. Along the coast of
Labrador a lonéitudinal depression is more distinct in the southern part
of the shelf than in the northern one.»i'
| The Canadlan Shield, which as a whole is of pre~Cambrian orléin,
consists of parts of different ages. The lesser variety in the northern
part of the shelf is apparently due td;tpeven block‘movements\of_the. |
Shield and tﬁe reduction in the rate of'post-glacial uplift ﬁoward theln
northeast of the penlnsula. | o

A highly broken-up relief is found on the shelf off the west

© and east‘cggﬁys of . southern Greenland, The narrow shelf at thls part of
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Greenland, cut off by the steep, stepped continental slope, was apparently
subjeéted to heavy break~up during differentiated movements along the
land=-sea boundary. The cuubrasts of the tectonically caused break-up of
the shelf may have been reinforced later on by glacio-isostatic movements
of the coasts and shelf as well as by water and ice erosion. Later on,
the freeing of the Greenland shelf from the ice mantle, which still covers
the island, contributed to the preservation of the differentiated relief,
large depressions, which are typical of the shelf and the cbntinental
slope off Greenland.

The transverse trenches of the shelf are mainly of tectonic
origin. In the.regions of Nova Scotia and Newfoundland their origin is
»connected»with longitudinal and transverse fractures of the Paleozoic
folded base. In-'the area of the Canadian-Greenland Shield, all large
tnenchesv(at Lébrador along the extension of Hamilton Inlet and at 56°
lat., on the West Greenland shelf at the bay of Julianehaab, etc.) are
located at the exﬁension of fjords laid . down aléng terrestrial~ffacture
lines, and their tectonic origin is also beyond doubt.,

The large fractures on land-are obviously older than the
longitudinal depression of the shelf and (many of theﬁ, at least) may be
of Paleozoic age or older. For example,“g fracture at 56°Vlat. in Labra-~
Ador, associated with.whiéh ié»a large traﬁé%erse trenéh in the sheif,
divides rocks of the Canadian Shield that are of different age but on
. @he whole pre-Cambrian. Small transverse trenches may beldue to radial
fractures, approximately of the same age as the 1ongitudinal‘depre55ion.
The transverse trench of Disko Bay was apparently causéd by fractureé of

Tertiary age. On the east coast of Greenland, one of the fjords laid down
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along a tecﬁonic valley extends onto the shelf in the shape of a longitu;
dinal trench rather than a transverse one. We see here a situation opposite
to the one noted in the region northeast of Newfoundland. Because of the
relationship between the strike of the coast and the shel f off Newfoundland,
longitudinal structures find their morphological expression in transverse
features, whereas off Greenland, transverse structures are expressed longi-
tudinally. This would.seem to emphasize once.more their relationship and
tectonic nature, rather than the excavation of the trenches by glaciers.

Ice scouring turned out to be merely superimposed on depressions created
previously by other forces.

A1l transverse trenches on the shelf, regardless of age and
structural characteristics, share morphological features: smoothed lateral
slopes, gentle sills in their mouths at the shelf margin and deep basins
vhere they join up with longitudinél‘trenches. The similar morphologies
of transverse trenches indicate that similar factors were at work on them
during Quaternary.glaciatioﬁ. The smoothed sides and bottoms of the ...
trenches may have been scoured by the ice during a lowering of the sea level,
when the trenches served as channels for the runoff and the meltwater from
the icesheet, as may he seen in some parts of the Greenland coast.at the
present time., . Flint (42), who considered the origin of the 5asins and
_éills in the mafginalnpaftsdof terrestrial fjords, ascribes it to over- .
deepening of the bottom by glaciers.- P. A, Kaplin (18) believes that
the overdeepening of the fjord bottoms is malnly tectonlc, belng caused by
faults along the coast durlng the free rise of the land relatlve to a
stable shelf.. It seems that both of these factors were at work on the shelf.

The overdeepenihg of the bottom at the juncture of transverseand longitudinal'
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trenches on the shelf could be due mainly to tectonically and glacio-
isostatically conditioned movements alopg fractures on the margin of the
submerged land. At the confluence of these trenches, formed before glacia-
tion, more favorable circumstances arose for the accumulation of great ice
thicknesses which, in turn, led . to heavier scouring and, therefore, con—
tributed to the overdeepening of the glacier beds.
nﬁenylemﬁillsmat_the,mquths of transverse trenches also seem to
represent traces of glacier action. They could have been formed where ice
flows descending along the trenches reached greater depths at the shelf
margin., This led to weaker scouring of the trench bottom, as the ends of
the gleciers began to float and broke off, forming icebergs. At the same
time there could occur the accumulation of detritus at the margin of the
-trenches. ‘Beneath-a-thin-layer:of modern deposits on the:sills we- often
find dark, dense clay, which has been determined as glacial (50). Thus
the location of the sills may indicate approximately the outer Eoundary
of the Quaternary icesheet.

Transverse trenches usually terminate at the margin of the
shelf, -Alohg the coaets of Labrador and Greehiend, 1arge trenches; often
in the'shape of deep suemarihe canyons, extend also on the continental
slope. Their connection with the shelf trenches, laid down-along frac-
-tures, cleariy determines the primary-tectonie nature of these canyons
(Fig. 5). Small canyons, furrows, and fissuﬁes cut up the slope along the
-southeaetern extension of the G:and Bank. Their upper ends break up the
mérgin of the bank surfece. It ie pessible‘fhat they.afe predeterﬁined by
structural characteristics of the rocks that\make up the shelf.',This does

not exclude the erosion of the canyons by glacial meltwater in the past,
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with a lower sea level and suspension streams :in a submarine position.

During post-glacial time, the large.structurally produced forms
ol the shelf relief (merphostructures) turned out to be within the sphere
of action of marine (exogenous),relief-forming processes. A migration of
the zone of wave action during the post-glacial rise in sea level contributed
to a certain abrasional-accumulative levelling of the relief of the sub-
merged: land-margin. The degree of this levelling depended on the rate of
land uplift (shelf submergence) and the sea level and, therefore, on the
rate of shift in the wave-action zone, the resistance of bedrock, the
presence of unconsolidated deposits, etc.

In:the regions of lLabrador, Baffin?lelend and Greenland, which
~experienced'aneonsiderablejpostéglacieilrise of the land*messiﬁs, the
abrasional-accumulative levelling .combined with ofher exogenous, relief-
forming processes did not lead to a substantial change in the structurally
conditioned relief features of the inner shelf. We note only a partial:
efosion at a certain level‘in small crests which add variety to the larger
features of the submarine relief, Little abrasioe is also evident in the
structural reélief of the bottom northeast of Newfoundland..-

In the region of Nova Scotia the abrasional-accumulative level-
llng of the 1nner part_.of the. relat1Vely stable shelf is more distinct.
The surfaces of the uplifts == the banks -— s1tuated in a longltudlnal -
ilntra-shelf depression, are at approximately the same level as the
surface of the outer parts of the shelf This 1nd1cates their abrasional
erosion during the rise in sea level and the flooding of the land margin
in this region. _
| The fact that in some placee small undulatlons afe preserved on

the bottom of the 1ntra~shelf depression is due to their more rapld removal

from the wave-actlon zone, and the accumulatlon of sedlments only partlally

“contrlbuted to a levelling of the bottom.

A
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Considerable abrasional-accumulative levelling occurred in
the outer part of the shelf, The distinct margin of the shelf is apparently
due to additional abrasicual seouring of the shelf at.a lower sea level.
The flat surfaces of the bank-uplifts in the outer shelf (Grand Bank,
Belle Isle, NorthemNewfoundland Bank, banks of Nova Scotia and Greenland) also
owe their levelling, without doubt, to the action of abrasional=-accumulative
agents. The typically flat surface is - also found on the top of Flemish Cap,
althoﬁgh this bank, as a whole, is dome-shaped. The fact that these processes
were also at work in the Newfoundland aree‘is indicated by the surface of the
Grand Bank, which cleanly cuts off the tops of underwater canyons on the
continental slope. Also of abrasive origin are the low ledges (5-15 m)
at depths of 200, 250 and 300 m, that make up terraces on the shelf in
the area of the-Banks of Belle Isle and Flemish Cap. They may contribﬁte
to the chiange in the rate of post-glacial rise’ in sea level., As the sea
~ level rose, the shelf was levelled by abrasion near the structural upliffs 39
along the submarine land margin. The subsequent shift of the wave-action
zone led to the erosioﬁ of the tOpe of these uplifts. The terraces on tﬁe
surface of Belle Isle Bank on the side of a longitudinal trench indicate
an ingressien of the sea along the depressions in the shelf, while the
bank could have risen in the shape of a 1ow island. The deep present position
-~ of the abr381onal ledges on the shelf may be due to 1ts general sub31dence,
c0mb1ned with the post-glac1a1 rise of the land. | ‘

On the whole, the fairly leVel surface of the shelf is - often
g differentlated by microrelief in the shape of narrov’” depre531ons, grooves,_‘f
small hillocks and ridges of various orientation. Small, narrow grooves or

furrows and depressions alternate with flat, level portions, whose surfaces
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cut off, as it were, the upper parts of the transverse profile of the
negative features. Such a combination and distribution of microforms.
seems to emphasize once more the participation of abrasgion in the levelling
of the shelf surface., The hills and ridges, or at least some of then,

were built up by the glécial action; others may represent abrasional
remnants (2, 32). It is difficult to classify them on the basis of
existing data.

The existence of fairly coarse-grained sediments -- sand,
sand ooze_(éoarse siltstone) =~ on the outer shelf points to continuing

evorking of the glacial deposits on the shelf by waves and currents, and
1o a ceaseless 1eve11ing of its surface. That storm waves act to a depth
of up to 100 m"is indicated by thé'crushing of the shell valves in the
-shelf. sediments.

Naturally, marine relief-forming processes act together, so that
no distinct boundaries exist between morphosculptures of different.origin.
The existence of larger-grained sediments and the greater depth of their outer
boundary at the shelf margin and on the upper part of the continental slope
may be due to a certain influence of tidal and constant currents. Constant
currents, which in the region of Labrador and Newfoundland have a speed of
18~33 cm/second, and_at EasLﬁGreenland 7-14 cm/second (5, 46), are capable
of effecting considerable erosion énd of removing fine-grained sediments to
greafer depths. ;pe presence of oozy sand (coarse siltstone) on the

Ea:;‘i ‘Cgbuwlaml f\i“:e‘ e e . )
Greégiaﬁd-eaﬁ&éian—srii'also.1ndlcates the influence of the Canadian current
upon the top surface of the.giiir This natural process, it seems, is: now
beginning to be strengthened by human action, in the shape of intensive

trawl fishing on the:shelf. Direct observations with submarine instruments
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Fig. 5. Caption on page 35.




Caption for Fig. 5, page 34.

Geomorphdlogical scheme of the Northwest Atlantic

Land: Morphostructures: 1 =-- high lava plateau; 2 =~ block
ranges and highlands; 3 -~ denudation plains and hillsj; 4 =-- block~folded
mountains of medium height; 5 == stratified lowlands; 6 ~- icesheet.

Sea_bottom: Elements of geotecture: 7 =~-~ boundary between sub-:
marine margin of continent .and continental slope (shelf margin); 8 = boun-
dary between continental slope (including continental foot) and ocean bed;

9 == boundary of Mid=Ocean Ridge. Morphostructures: 10 — subhorizontal
plains of the shelf existing in-sﬁbsided:denudational and glaci§1 p%gins (a),

athin~ (e nlzi
including the inner shelf with rejuvenated relief (b); 11 —— Gre g s

~~sub§é§éne—s£&&3 12 «= longitudinal and transverse ﬂrénches and hollows in the
‘shelf 13-=- ledge-of the continental slope (a) and continental foot (b);
14 ~= block ranges; 15 =~ basins in the zone of the continental slope; 16 -=
subhorizontal abyssal ocean plains; 17 =-~ rift zone of the Mid-=Atlantic
Ridge (a) and its slopes (b). Individual features: 18 —= abrasional steps
(terraces) ; 19 == abrasionél ledges; 20 -~ tectonic ledges; 21 —— canyons

on the'coﬁtinental slope; 22 == Mid~Ocean Canyon; 23 =~ depressions (axes

of depressions); 24 -- seamounts.
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of the action of bottomitraw Ehow that they produce considersble bottom
erosion. The mass of Zggg;gxhdep051ts stirred up by the trawls is further
displaced by waves and currents. Even greater may be the effect of deep
trawling on the continental slope, where the sediments are more fine-grained.

A considerable relief-forming role in the transformation of
sculptural features is being played by tidal currents. This can be seen
clearly in the Nova chﬁia region, where\inxthe Bay of Fundy the maximum
height of the tide reaches 15~18 m. Georges Bank, situated on the outer
part of the shelf, represents a barrier to thé tidal waters entering the
bays of Fundy and Maine. Sand ridges, which are typical relief features
on this bank at depths up to 50-80 m, are drawn out in.the direction of
the tidal wave. The formation of these ridges is being ascribed to the
working by ‘tidal currents and waves of accumulations of glacial. (water= LO
glacial) deposits on the bank., The speed of the tidal currents over the
shallow.portions of the bank averéges 2-4 knots (1-2m/sec), but during
hurricanes the current reaches speeds of up to 20 knots.(59). The action
of-strong'currents and storm waves effects a»constant transformétion and
shifting of the sand ridges, which also contain d‘ep‘osits of graveli and
pebbles. (33). From surveys conducted at different times it has been

established that during the last 25-28 years the ridges have been moved

: approxima?e%y 300 m to the west (66). Thevﬁhshing of the trench extending

ﬂ‘ .
from theéB;y of Maine and crossing the shelf by strong tidal currents

- is hindering the accumulation of fine sediments. The bottom and the sides

of the trench are covered with gravel and ﬁebble déposiﬁs with small

- boulders. This mantle of coarse deposits preserves the trench from

-heavy water erosion, but the tidal currents prevent the_formaﬁion of an

accunulative morphosculpture in the trench,i The erosional action of the
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. tidal currents also produces the placemeht of the coarse gravel and
pébble deposits in the narrows of Demmark Strait at the bottom of the
valley between the Greenland and Iéeland shelves (1, 25).

A quieter hydrodynamic enviromment, water circulation with
reduced speed in the depressions within the shelf create conditions for
the formation of morphosculptures of the accumulative type. The shelf
trenches are filled with fine sediments, whose accumulation leads to the
complete or partial obscuration of the originally uneven bottom. The
bottom of the trenches in the Fast Greenland region is less levelled by
accumulationy the trenches in the Labrador, Newfoundland and Nova Scotia
regions are more levelled., Echo sounding in the Gulf of Maine often
registers a M"double bottom'" -~ lenses of unconsolidated.deposits that
fill out negative features in the submarine relief, The.fine.sediments
in the trenches may be carried in either from the land or from deposits
in the outer shelf, A part of these sediments settles within the shelf,
another part is carried beyond the shelf to great depths and contribﬁtes
to the accumulative levelling of the continental slope, its foot and the
bottom of the ocean bésin. Additional and, in some localities perhaps,
predominant factors in the formation of’the-mquhosculptqre of the sea
bottom at great depths outside the shelf are slumps or landslldes of
sediments and their removal by~s££gegglg;tgiiws. This is conflrmed by
the character of the bottom deposits at great depths, where we often ob-
serve the interbedding of coarse and fine sediments. In the area of the
continental slope and its foof theré originate inclinedAaccumulative -

plains with various degrees of levelling. Distinctly observable is

-
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the fairly flat inclined plain on the continental slope in the area of the
Northern Newfoundland Bank. TIts inclination is 1-2°. No such levelling
is observed oh the contineuval slope off Labrador and Greenland.

In the area of the continentalvslope there are usually preserved,
along with accumulative levelling surfaces, large tectonic features of
the original relief which,‘it seems, are not everywhere overlain by a
mantle of unconsolidated sediments.

In the Labrador and Newfoundland basins abyssal blains are being
created due to non-wave accumulation. Depending on the original configuration
of the bottom, their relief is either hilly or almost completely level,

The inclined plains of the continental foot an& the abyssal plain of the
Iabrador'Basin.furnish oﬁe of the examples ofAnon4correspondence between
_mprphqlogy“andlabyssalistructuneshon;thezsea;bottoﬁ, In respect. of struc-

ture the inclined plains on the continental foot are situated~in the ' 41
area of a trough in the crystalline foundation, filled with sediments

(16, 43), while theAébyssalAplain of the Lébrador Basin is formed on a'

buried mountain relief.

“Development of the Northwest Atlantic Ocean Basin and

Origin of the. Shelf

' The morphostructural characteristics of-the continental shelf
of the Nortﬁwest Atlantic show that thé shel I represents a submarine_part
of the land.and that its origin is due to the subﬁergence of £he land ;éﬁ§ed
by the overriding action of tectonic forces during the deepening of the
Atlantic Ocean Basin. Geophysical investigations in the Northwest Atlantic

“have established the structure of the earth's crust in the areas of thé_
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shelf, the continental slope and the ocean basin. Typical of
the shelf is a continental type of crust. Crust thickness in
the shelf . is of the same order as on land; along the United
States coast it amounts to 30-35 km, On the continental slope,
toward the North American Basin, the thickness of the crust
decreases and the graniteAlayer gradually disappears. At a
depth of 0.7-3 km the thickness of the crust amounts to 9-18
km. In the North American Basin, at a depth of 4 km, the thick-
ness of the ocean crust is 4-10 km (11, 43, 56). -

A distinction has been revealéd between the structure

of the crust in the southern and northern parts of the North-

west Atlantic Basin. ©North of the 50th parallel the thickness

of the crust increases, and in the Labrador Basin it reaches

15 km (12). 1In the Labrador Basin, investigators have discovered

a buried mountain range, which along the periphery of the basin

is coveréd by a sedimentary stratum of 4;5 km, while in the

axis of the basin it rises almost to the surface of the bottom (53).

It is noteworthy that the bouhdary between the bottom

-sections with différent'crustal structure appears to run along

a latitudinal trough observable in the bottom relief at 52-53°
lat., traceable from fhe margins of Caiedonian and‘Hercynian
folding in Ireland westward through the Mid-Atlantic Ridge

approximately at 42°30' west longitude. The trough is more

evident at the juncture of the Reykjanes and the North Atlantic

ridges which represent parts of the Mid-Atlantic Ridge, The

trough is determinable. by the abyssal structure of the crust and




40

an increase in the thickness of Quaternary deposits. The trough

is a surface feature corresponding to a fault zone along whose

axis the Reykjanes and North Atlantic ridges are displaced
in relation to one another by approximately 370 km (21, 58).

On the American coast of the Atlantic Ocean the strike
of the trough is marked by the fractures of the Newfcundland
Appalachians' and: the fracture between the Canadian Shield and
the Appalachian Caledonian rocks that divides the island of
Newfoundland from the Labrador Peninsula. This fracture con-
tinues in the shape of a transverse trench on the Newfoundland
shelf as well; this shelf forms a broad protrusion into the
ocean. A small missing link of the trough would seem to be
‘hidden in the depths.of the Labrador Basin, |

‘NOrthéast of the island of Newfoundland the‘Newfoundland
Appalachians descend beneath»the seallevel. The position on the
bottom of the Labrador Basin'has not been esﬁablished.A'The ex-
tension of the Appalachians should perhaps be sought nof in

the Caledonian rocks of Northeast Greenland but in the direction

of their strike at the juncﬁﬁre of the ‘North Atlantic and the
Reykjanes ridges., Notable differences in the morphology gnd

' seismicity of these ridges (16, 70), their displacement along

a latitudinal fracture may indicate differences in the nature 42

and age of the ridges. At approxlmately the same 1at1tude we

note an eastward bend in the burled mlddle range of the’ Labra-
dor Basin and perhaps its juncture w1th the Mld—Atlantlc

‘Ridge (30, 53). It is not excluded that in the past the area
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of the juncture of the Reykjanés and North Atlantic ridges was
a fairly complex mountain e with varying ages. | N
At the same time a similarity has been established be-
tween the geological structure of Newfoundland on one side of
the ocean and Scotland, the Hebrides and Ireland on the other
(15, 61).
Thus the latitudinal trough extending between .regions
of Caledonian and Hercynian folding on opposite sides of the

Atlantic appears to be an inherited structure that developed in

the Paleozoic., What forces and when divided these regions which

-are at present separated by the ocean basin? Was it because of

“horizontal movements (drift), submergence of the land in the

Oounse»wadevelopment,[—sic;7 deepening of the Atlantic .Ocean
bésin, or because of a combination of horizontal and vertical
movements? The answer will probably be provided by future
investigations, |

An analysis of the geological history of North

America and Europe during the Paleozoic points to the presence

of continental links between them, to the existence of land
in the northern part of the Atlantic., The ocean basin, as we

know, intersects the continental structures of North Ameﬁica

~and Europe, and its age is established as Late Mesozoic-

Cenozoic. The northern part of the ocean is the youngest,

where the land was apparently preserved to the end of the

Neogene (4, 15, 27, 31’ 47, 49)'

West of the ocean the spreading of the North American




continent through the link-up of its_pre-Cambrian core with
Paleozoic laﬁd was replaced at the end of the Mesozoic by a %. f$
process of break-up and ~ubmergence. The Triaséic on the eastern
coast ®f the continent is represented mainly by continental strata,
the Lower Cretaceous sea occupied only the southern portion of
the coast, but the Upper Cretaceous transgression was much more
extensive: (15).. During the Cretaceous, it seems, Greenland began
to separate from the continent (17, 19). The presence of
Cretaceous marine deposits in the region of Disko Island, which
overlie foundation rocks, shows that the Cretaceous sea extended
nprthward between Labrador and Greenland where it apparently

" linked up with the waters of the Arctic Ocean and, along the
weakened zone of the Capadian Shield in the area of Hudson Bay,
it penetrated far south into the western part of the North
American continent (28). During the Alpine tectogenesis there
occurred the activation of the uplift of the Canadian—Gregnland
Shield, the rejuvenation of the Appalachians, the break-up of
the Canadian Arsgtic Archipelago, which was undoubtedly accompanied
by a subsidence in the area of the ocean basin. Considerable
outpourings of basalt in Iceland, along the east and wést éoasts

of Greenland and on the southeastern extremity of Baffin Island

appear to have been the result of. this pfbcess.

Geophysical and geomorphological data give evidence of

fractures on the flooded margih of the land caused by thé sub-
sidence of the foundation, of dislocations of the flexure of

the continental slope by faults., A series of struc@ural terraces
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and ledges are situated on the continental slope off the

‘east coast of the United States, where the slope surface in-

tersects Cretaceous and more recent strata gentiy inclined
toward the ocean (36, 43, 54). Differentiated movements in
the rigid structures of the Canadian-Greenland Shield were also
undoubtedly accompanied by series of large stepped faults and
lesser types of differentiations along the coasts of Labrador
and Greenland. Evidence of this may be found in the large
longitudinal depressions on the shelves. The Labrador shelf
is depressed along a fault line. Large depressions at the
shdulder of the continental slope off southwést Greenland and
'Baffin Island, not filled by -sediments, .give evidence .of
recent - disjunctive-dislocations -in.that region, '

A latitudinal fracture between regions of‘Paleoéoic
folding on opposite sides of-the ocean may perhaps divide
parts of the North Atlantic of different age. South bf the
latitudinal trough, in an area with a typically oceanic crust,
oceanic conditions apparently.exiéted earlier than the subsidence
of the land to the north. The similarity‘beﬁween the marine,
littoral and continental pre-~Paleogene faunas of Nova Scotia
and Newfoundlana, on the one hand, and Ineiand anﬂ Sbotland;'on

the other, points to possible migration paths of this fauna

" along the southern coast of the North Atlantic land mass. (15),

i,e,, to a possible boundary of the land mass approxlmately '

in the latitude of the trough. Remnants of this land mass may

perhaps be found in the chain of shallow sills between Greenland

43
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~and Iceland, Iceland and the British Isles (27, 48), the

, bas
submarine--height—ef Rockall kv etc, The absolute age of the
¢
granite in the  Rockall Nﬂkheigh%-and the British Isles shows

that they are coeval (50-60 million years, according to Miller)
and belong to the Middle Tertiary, when this part of the Atlantic
was apparently part of the European comtinent (21), 3Iceland may
also be regarded as a part ofi the more extensive submerged land
mass of the Nofth Atlantic. The peculiar Icelandic crust, diff-
erent both from the continental and the oceanic ones, may per=-—
haps be due to its location in a seismically active zone, where
the structures of submarine sillgf%orn apart by the Mid-Atlantic
‘Ridge, and the transformation of the continental crust of the
island base (48). | |

Some information as to the time of the separation of
the land mass in the western and eastern parts of the North
Atlantic may be obtained from biogeographical dafa,'based on the
analysis of the freshwater fishes  of the river systems of Europe
and North America, The similarity between families of fresh-
water and migrating fishes in both continents points to a faunal
exchange between them, .Such an exchange presupposes the existence

" of a perhaps not complete but -direct contact between the river

basins of Norfh America and Europe. The area of contact between
;the-river basins of the Paleo-Hudson and éf the Paleo-Rhine

could have been Iceland. Biographical-[TEic_7 anéiysis shows

that the contact between them continued to the end of the Miocene

and the start of the Pliocene, when the éubsidence(of the land

(RS et Y ew e R . o e e oS R o e s mS
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in this region separated the habitats of the freshwater
fishes (22, 23).

The time of the deepening of the Labrsuor Basin may
be determined approximately from the thickness of the sedimentary
stratum. We know that the rate of sedimentation differs greatly
from place to place and that it is usually higher near sub-
-merged land margins; it is<a%so gpeater‘in=respect~of;giacial
and iceberg-type sediments than others. The average rate of
sedimentation is 1-3 cm per 1,000 years (10), but in some places
it greatly exceeds these averages. Along the coast of California
the modern rate of sedimentation averages 2.6, and that of thé
late glacial ones, 16.9 cm per 1,000 years (68), i.e., it ex-
ceeds,the,modanp:by;awfactor-of 6.5. In the North Atlantic we
can observe 20 to 30 fluctuations in the rate of sedimentation,
it varies from 1.4 to 41 cm per 1,000 years, and possibly even
more (15, 55).

The accumulation of the thick stratum of sediments
in the Labrador Basin apparently took place at a much higher
rate than in the North American Basin as -a whole, where the 44
sedimentary stratum averages 1-1.5 km, During.the Pleistocene

the rate of - sedlmentatlon could have been much greater because

v

CL\S 1< malena

of the removal of masses of -fragments from Labrador and Green-

land by contlnental ice and glacial waters and its depos1t10n

in the narrow space of the basin, Durlng glacial time we note
Cuutichy

the 1nten51ve development of suspens1on-stpeams which dep081ted

thick beds of coarse—gralned»sedlments.v Undoubtedly, the runoff
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of gl@CiFl meltwater contributed to the widespread development

‘hrNJJ cwrrends . - . N
of turb:&—stri?mS'ln the Labrador Basin and to its filling.
Mcen

Slides of .medern sediments with a thickness of up to one meter,
observable on the continental slope, may have been even more
common durimg the past, .

The rate of sedimentation was uneven;‘but if we assume
an average rate of 30~40 cm per 1,000 years (0.3-0.4 mm per
year), it follows that the subsidence of the basin bottom and
the accumulation of 4 to § kilometers of sediments occupied
10 to 16 million years (Miocene-Pliocene). The reliability of
this calculation is much reduced becaﬁse of the lack of data on
“the ‘actual rate of sedimentation in tﬁe Labrador Basin., If we
also take -into account the compacting of the sediments. (10),
we must assume that our figures are too low, and that the accu—
mulation of the sedimentary stratum in the basih began much
earlier, |

In connection with the abyss#l structure of the
Labrador Basin revealed by geoﬁhysical investigations, our
attention is drawn to the mid-~ocean ‘canyon which traverses the

basip from north to south. An analysis of the morphostructural
4characteristics 6f‘the basin botfom permits the fairly reliable
assumption that the origin of the canyon is qonnected with a
submerged mountain relief (34). Thé,central position of the
canyon on the bottom corresponds to tﬁe position of the axial
zone of a mountain fénge buried under the sediments. The

canyon apparently follows one of the central intermountain
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valleys and is thus a surface reflection, on the modern

bottom, ofva nearly filled valley in the buried mountain

range. Its preservation én the basiE bottom is apparently .
due to the action of suspension-gggzams. Information on
similar morphostructural features of canyons in the North
American Basin, where geophysical investigations have revealed
aybngken n§$i¢f'hidﬂgn(pndér‘segimentss§4§0, confirm ouy theeory

concerning the origin of the mid-ocean canyon in the Labrador

Basin,

The ‘modern submarine relief -of the Northwest Atlaﬁtic
represents a certain stage in thevdevelopment of the continen-
tal shelf, the cbﬁtinental slope and the bottom of tine ocean
basin., Quaternary giaciation and post-glaciation rise of the
land have left a substantial 1mpr1nt upoen the morphostructural
appearance of the shelf in this region. The act1v1ty of |

xogenous rellef-formlng processes durlng post-glaciation .
'tlme did not lead to the destruction of the morph0structura1
characteristics of the continental shelf, which indicate a
genetic link bétweéﬁ.land and shelf or{ﬁhich originated during
| its‘formation. With the slow, mainly positive movements'in
the region of the .North American Platform and ass001ated
movements of the submarlne marg;n of the land, w1th a const;ht
\activipy of the ocean, the development of the bottom rellef

of the Northwest Atlantic is still continuing, -
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