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ABSTRACT

L3
o
- o

* LY
A detailed bathymetric, seismic qgg,sidescan surve§ in a

- b}

v -]
small intercanyon area of the Nova Scotian continental slope

° N ©

‘reveals a complex surficial morphology. On the upper slope, large.
- 4

“‘$§2aie slumpfhg has left a steep 150 m escarpment, below which a

N
ol

chaotic mass of slumped debris has accumulated. Large coherent °

blocks of sediment up to 50m thick lie within the debris resultigg
& L -
in the characterisé&cally irregular relief of“fﬁe upper slope. In

’ the mid-slope area, the relief is less; mass-movements on the scale
o

of tens of metres control the morpholog&, resulting in a disjunct

o » , -

system of hummocks and depressions. An erosive channél, someﬁgb’m
deep and 1 km wide traverses the upper and #iddle slopes, rapidly .

decreasing in depth and width below 800 m water depth, where it
ciossés a broad depositional lobe. EE? lobe is simdklar in profiie . s

and dimensions to the suprafan of a small submarine fan and is
thought to have been deposited during an early stage in the channel
development. A small part of the study area shows a very smooth

morphology and has been largely unaffected by destructional processes,

Detailed textural amalysis indicates that surficial sand at

the shelfbreak and on the upper slope is in equilibrium with the
modern current regime. Active sediment transport of sand in susp-

ension is dominantly alongslope with a small, but important downslope

“« -

component. Finer sediment remains in suspension for longer, periods
[4 -

and is finally deposited in quieter downslope environments.
A\ L}

Gravity and piston cores indicate that this sedimentation

pattern has remained essentially similar during the last 18,000 years.

&

=



o

- related to .the meso-scale morphology of: the area, Gravity-driven

¥

xiid

~

As a result, the Bhst-glacial stratigraphic sequerice is very uniform

over much of the Nova Scotian slope., Sedimentation patterns in the

R . ¥
late Wisconsinan were, in contrast, very complex and weré largely

s *
processes of slumping, debris flow .and turbidity flow were important

and resulted in a greater variety of sediment faciles. . ¢

- F.
& ins
Distinct facies associlations are define&\ggf the upper slope,

4
H

middle slope and channel margin / depositional lobe environments.

- I3 | LI
Mid-slope Hummocks and depressions also show distinguishable facies

associations which are thought to reflect the differential f£ill of

the depressions, by morphologically diverted turbidity currents. These
N - “

facies associations are probably applicable to other destructional

slopes. The area iaycclose to ‘the late Wisconsinan ice margin; it

%

is not clear whether this ilce margin had any significant effect on

the types of facies developed.

’
@ ey
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CHAPTER 1

.
°
. N 7 e a

\‘ 7 < " INTRODUCIION e

Ay

GENERAL . !

o
- o

,‘ k3
- 7 + 3
The continental slope marks the transition from shelf to -deep .
¥ * s Q
basin environments. Most sedimentology texts do not give very

~

comprehensive treatment to the slopeﬁenvifﬁnment (sece for example
Friédman and $anders, 1978} Blatt et al., 1980; Reading, 197&?, largely

rqflectingmthe wide gap of knowledge concerning'the‘slobé. Relatively

few studies of ancient sediﬁgqtary sequencés hdve specifically con-

cfntrated on slope enviro?meﬂts yéiper-et éi.h 1;76 and Carter, 1979 v

are notable excéﬁtions). Modeéﬁ slopes have“recegtly become the focus
4 »

of considerablg interggt, partly out of scientific curiosity,'bqv

greatly stimulated by the exploration for oil and gas on the outex
~ ? -

continental.margin.  This interest is shown by the proliferafion of

3

siggdgia énd_related volumes om. the outer mérgin and on slopes in

~

[N

particular (eg. Stanley and Swift, 1976; Bouma et al., 1978; Doyle and
Pilkey, 1979). Such volumes illustrate the wiﬁe'range of structural,

morphological and sedimentélogicai settings which are included under

- > N

the general umbrella of the term "slope".

STRUCTURAL AND MORPHOLOGICAL SETTINGS

s

Emery,(1977) distinguished six types of continental slope in the
Atlantic Ocean (Fig. 1-1). Types A to E are associated with passive
marging. The early rifting stage:of a margin will produce a block-

0 s
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Figure 1-1. Structural settings of, continental slopes of the
- Atlantic Ocean (from Emery, 1977). Types A to F
explained in the text. )
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faulted margin which is mantled by sediment (type A).. Progradation °

of the margin by, deltaic or shelf sediments will result in a smoother
slope with a’characteristic sigm51d31 geometry (type B). Erosion of

CTE Y

the slope face by mass—wastlng processes .may truncate the progradational

unlts (type C) and leave’a steeper slope—face. DeveIOpment of shelf-
edge cemented calcareous reefs (type D). or 1ntrusion by: evaporlte or

mud diapirs €type E) can completely delfy the generalised, sequence of

s

development from types A to C. Emery's type F slope (rather 1nadequéte1y)

a

incorporates convergent margin setplngs. N

o

More detailed treatments of the development and structure of

»

,eastern US and eastern Canadian slopes are given by Schlee et al, (1979)

*

[y

and King and Young (1977) respectively. . Both recognise that slopes ..

undergo phases of (a) c0nstruct£bn,‘where outbuilding of the continental

. »

margin progresses, and (b) destruction, where mass-wasting,” canyon-

cutting and other erosional processes truncate the basinward-dipping
' )
strata.from a previous constructional phase.

1
a

From a glance at a bathymetric map, the slope off eastern Canada can

be divided into dissected and non-dissected regions. For example, the

o 3]

Nova Scotian slope is dissected by numerous canyons at its northeastern
and southwestern extremities, while a relatively narrow zome in the
centralvéection is largely undissected by largefscale morphologié;l
features (Fig. 1-2). This thesis is concernmed with this central
smoother area. After more detailed study, it becomes clear that the
apparently undissected slope is by no means smooth and featureless.

Rather, sﬁaller—scale, but complex morphology may be present in some

places. ,

(v



Figure 1-2.

Bathymetric chart of the Nova Scotian ‘eontinental
margin (from Canadian Hydrographic Service,
Chart 801). '
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’Fumeron oceanographic processes have been cited as potgntial controls
. ) -

SEDIMENTARY PROCESSES

-
a

L3 M * y’
Sediment tramsport and deposition on slopes is poorly understood.

Sur%&Fial sediments on mOSt slopes are fine~-grained, silt and clay

fbeing the dominant.size~fractidns (Kelling and Syanley,l976). Most .
- - o
workers ascribe this characteristic to hemipelagit degosition (eg.

IS

Doyle et al.’, 1979) giving the impression that coarse sediment bypasses *

the slope via canyons.‘tihus turbidity currents are not generally

thought to be important to continental slope deposition. GCoafse sedi-
ment at the shelf edge may be transporte& short distances downslope by

the (somewhat nebulous) process of "spillover" (Stanley et al., 1972).

o A

Stanle? and Wear (1978) recognised a textural boundary on the uppex—

slope, which they termed the "mud line" and interpreted as a boundary .
&

between zones-of mud erosion and mud deposition. The dynamic con~

ditions causing such textural patterns have not been determined although

’

°

A

and Wear, 1978; Southard and Stanley, 1976).

n

on sediment dynamics (Stanley

Mass moﬁeﬁents in the form of siumps, slides énd debris~flows
are widely acknowledged as important slope processes’(Nardin et al.,
197é; Moore, 1977; Embley, 1980; Embley and Jacobi, 1977). These Q}
‘movements can range from very large,scale (Jaco?i, 1976) down to

LY
relatively small scale (Field and Clarke, 1979).
P
THESIS OBJECTIVES v )

The initial approach to this thesis was exploratory, with a

leaning towards stratigraphic and paleo-oceanographic problems. Two

-

. .

o o
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study areas were selected from the undissected slope area (Fig. 1~3).
No data was previously available from theé& study areas and the only
previous work on the Nova Scotian slope was by Silverberg (1965) and

Stanley et al, (1972) in the area off Sable Island Bank. Preliminary

investigations (partly summarised in Hill, 1979) in the two study ,

'\

areas (Fié. 1-3) produced several results:

r i_ .

T

(a) Stratigraphically, the Holocene and latest W}sconginan
sediméntation was quite un%form, but 3}der sediment was very difficult
to correlate due to small-scale facies changes®and sequence discon-
tinuities.

(b) Sedimentary processes were evidently more diverse in the

Wisconsinan and involvad coarge sediment transport.

(c) The Scotian Gulf study area (Fig. 1-3) was substantially

—

more complex morphologically, than expected and contrasted in this

‘respect with the lower relief Western Bank area.

" >

These results ind%gated that the Scotian Slopé‘did not fit into
previously existing models of slope sédimentation. Detailed strati-
graphic and paleo—ogehnographic studies would clearly be imposs%ble
without better control on morpﬁology and sedimentation. The gub-
sequent study leading to this thesis: therefore concentrated on the
relationship between morphology ;nd sedimentation. Threé ﬁain
projects were undertaken:

(i) To survey in detail the Scotian Gulf area in order to

delimit major morphological features.

Ir
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Figure’ 1-~3.
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(ii) To determine the important sedimentary probésseé active on

the slope at present and during the Holocene and late Wisconsinan.

i3

(iii) To assess the factors controlling sedimentation, particu-

e

-
larly morphology and glacial/postglacial conditions.

REGIONAL SETTING

[

©
b

. Many good reviews of the geology of the southeastern Canadian

2

continental margin are available (Stow, 1977; Alam, 1976, 1979), so
this section will concentrate on the marine environment adjacent to

the study area. ' - o

v »

The Scotian Shelf

The Scotian Shelf (Fig. 1-3) is wide, varying in width between

125 km in the west to 230 km in the east. King and Maclean (1976)

1 1

divide the shelf into three zones: an inner zone of rough topography,

a central zone of isolated banks and intervening basins, and an outer
- Y

zone of wide, flat banks. The surficial sediments.on the shelf have
been mapped in detail using echograms and bottom samples (King, 1970;
Drapeau and King, 1972; MacLean and King, 1971). 1In all cases the

bottom sediment types or "map units" informally defined by King (1970)

& <

were used. .
. 1

The inner and central zones of the shelf are covered by varying

amounts of till, some of which, King (1970) inéerprets as Wisconsinan
end moraines. Till deposited from earlier Pleistocene glaciation(s)
extends below the surface to near the edge of the shelf. The bank

areas and much of the inner shelf are covered with well-sorted sands

-
’

e S
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and gravels (Sable Island sand and gravel, Map Unit 8), which are
interpreted as transgressive basal deposits. Surrounding the banks °

and in the Scotian Gulf (see Fig. 1-3), a second sandy unit outcrops,

distinguished by its more skewed (fine~-tail) grain-size distribution
(Sambro Sand, Map Unit 6). The Sawbro Sand also occurs in a bank sea~
ward of.the outermost banks, to the edge of the mapped area at the

100 m isobath. However, King (1970) states that the boundary between\

these two units is obscure and could not be defined on the basis of
the criteria used for other areas covered by the map. Elsewhere, the

Sambro Sand appears to grade into the till, suggesting that it is a
reworked derivative of the latter. King (1970) implies that the Sambro

i

Sand is relict.

) . .
It is difficult to assess the relationships between King's till,

Sambro Sand and Sable Island Sand and Gravel units. 'They are similar

in mineralogical composition and it is reasonable that both.the Sambro

1

Sand and Sable Island Sand “and Gravel units are derived from the till

?

during post-glacial transgression. However, the boundaries of the two

reworked units appear to be distinctly depth-related whith suggests
either an adjustment to the present energy regime, or different
histories of reworking during the transgression.

©

Currents with near-bottom velocities up to 110 cmshl have been
documented in the Scotian Gulf and correlate with strong offshore wind
3

events. Reworking of till may therefore be an important contemporary

, . brocess on the outermost shelf, even at depths gﬁéater than 100 m.

King (1970), however, notes that at the edges of some basins, the

Sanbro sand is laterally equivalent to the Emerald Silt Unit which

<

.

T e, L
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clearly underlies modern LaHave Clay (Map Unit 7) in the basinal
é}ea§. Nevertheless, as the till source is likely to be similar in
composition across the shelf, i? is possible that similar:sand units
with simiiar c;mpesition and echogram properties would be produced at

different stages of the transgression.

I3

-

There is some evidence therefore, that sand transport and rework—

ing is possible on both the shallow bank areas (étanley et al., 1972),

®

and the deeper areas e.g. Scotian Gulf, of the Scotian Shelf,

K}

Pbysicai Oceanography

g
ot -

o

hY
The surface circulation (Fig. 1-4) along the southeastern

Canadian margin is dominated by three main elements: the Gulf Stream-

r
.

Waterg the Labrador Current Water and the Slope Water,

o
4

1) The Gulf Stream Water - . .

+
< Al

The Gulf Stream System is a major component of North Altantic

Ocean Circulation. According to Stommel (1965) most of the water which
enters the system is watér previously driven from the east by the
trade winds, in the North Equatorial Current. ﬁ%rthington (1976) , who
used a more complex five-layer quel for:the North Atlantic, disputes
the importance of thi§/;urrent as a contribution to the Gulf Stream
system, The surface circulation is seen by Worthington (1976) as an
essentially closed (if eccentric) anticyplone, restricted to the

southwest portion of the North‘Atlantic. A second, smaller gyre is

postulated in the northern ocean which carries warm water further north.

¢

-+~
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Figure 1-4,

Major elements of the surface circulation in the
Northwest Atlantic Ocean (from Robe, 1971)., -~
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The Gulf Stream is a complex system, of variable temperature and

.t

salimity and of essentially‘geostrophic flow (MclLellan, 1975, p. 71)
with a velocity structure that is known to be highly complex. Impor-

tant considerations are that it is warm (22°-24° at its core) and

occasional large-scale eddy—-s‘exuctzures {rings) are known to transgress

across shelf areas of the castern U.S. (Fuglister and Worth:mgton,

@

&
1951) and Nova Scotia (Gatien, 1975)% - . .

-
~ . B

2) The Labrador Current Water T

Robe (1971) identified two watermasses associated with the v

Y

Labrador Current between’Labrador and Newfoundland:

-

(a) Labrador Current vfai:er (LcwW) . .

~(b) Labradg;r Current Core Water (LCCW).

o
¥ [}

- N 2

N

Their }eﬁationships are shown in Figure 1-5, the LCW being all »

mixtures of LCCW and North Atlantic Deep Water. The core water consists

N

of water derived from Hudson B/ay and Baffin ﬁay which joins in the

v »

Davis Strait with the warmer West Greenland Current water. This join

is more in the nature of a confluence than of mixing and at around

the latitude of St. John's, Iqewfoundland the current splits again into

a colder inshore brancli which flows across the Grand Banks and partly

mixes with Gulf of St. ].L.a;vrence Water before crossing the Scotian . "
Shelf, and a warmer ‘offshore branch which follows the slope contours .
around the Tail of the Grand Banks to the Scotian Slope. The LCCW is

very cold (-0.8°C to —11.820) and relatively fresh (32.9 ©/oo to 33.1

0/00) whereas the LCW in general can be as "warm' as 4°C and as saline

S 2

e

E
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Current Core Water (LCCW), North Atlantic Deep Water
(NADW) and Labrader Current Water (LCW). Labrador

- Current- Water is defined to include LCCW but exclude

NADW (from Robe, 1971).

»

36.0



e = A

L,

17 ,

«
T,

€

as 34.8 ©%/oo. Major seasonal fluctuations in volume tramsport are

-

dBcumented for the Lahrador Current Water (Robe, 1971).

A notable characteristic of the Labrador Current Water is its

relatively high dissolved oxygen content. In the Labrador Sea,

3

values as high /as 9.0 ml/1 are recorded (Worthi;xgton and Wright, .
- / N

1970). r/ - E

3) Slope Water

>

As it flows around Newfoundland to the Scotian Shelf area,

N

surfgce warming and mixing with the Gulf Stream Water and deeper North
Atlantic Central Water (NACW) modify the Labrador Current Water. The

mixing product is known as the Slope Water (McLellan, 1957).- Gatien .

1

(1975) distinguis}led two parts of the Slope Water, based on detailed
temperature and salinity data: Warm Slope Water and °cald.er L "b;:ador
Slope Water (Fig. 1-6). The Warm Slopc; Water is a mixing prolt of °
LCW and Gulf Stream Water. It is well mixed (dissolveci oxygen is

reduced to 5-7 ml/1) and extends to 300 or 400 metres depth. The

@

Labrador Slope Water is a mixture of LCW and NACW; it occurs at up
to 100 metres depth on its western margin and it directl'yv\overlies

the continental slope bottom down to at least 1200 metres (Fig. 1-7).

Flow in the Labrador Slope Water was observed by Foote et al.
(1965) to be somewhat irregular, involving a generally westward drift
with conqiderable “fluctuations over time scales of several days.

i .
Using mogred current meter arrays and meteorological data, Petrie and
] .
Smith (1977) studied these fluctuations in detail and comncluded that
)J Y

H
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Figure 1-6.

138

v
S S

Salinjity-temperature plots for four horizontal sections

across the Scotian Slope at 50 metyres depth. At this

level, the Slope Waters are mixing products of coastal

Water and Gulf Stream Water. At greater depth, the

Labrador Slope Water is related to the North Atlantic '

Central Water.
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meteorological foreing was an important enexgy source for such motions.

.. Longer period motions were also iuvestiélted by Petrie and Smith (1977).

Striking reversals in current flow direction were observed over a 33

day period (Fig. 1;8) along the azimuth of the local isobaths. 1In

¢

addition, marginally significant correlations between deep water off-
shore (ie. s&uthward) flow and westerly (blowing to the east) storm

A

winds were ohserved. . -

Late Quaternary Events

v
9

Over recent years, important advances have been made in®the

Quaternary stratigraphic framework QF the eastern Canadian margin.

The cores used in this study are not thedght to penetrate sediment
‘ ’ A2 »

older than late Wisconsinan, so that the following will summayise the

present knowiedge of the glacial, sea~level 'and watermass histories

for this period of time. .
{

(a) The Late Wisconsinan Glaciation -

Through.thié century, two schools of thought have, developed about
the extent of the Wisconsinan glacial episode (Ives, 1978). Thesé may
be termed the "maximum" and "minimum' modgls of glaciation. Despite
evidence to the contrary {Ives, 1957; Loken, 1966), the maximum model
(Flint et al., 1942, 1945; CLIMAP, 1976) was generally accepted until

recently., Grant (1977), summarising many years of work, called strongly

for a reversion to a minimum glaciation for the Atlantic Provinces area.

A nymber of terrestrial studies on Baffin Island (Miller and Dyke, 1974;

~

®
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Continuous vector diagram for currents at 1500
metres depth (approximately 62°W) on the Scotian
Slope, September/December 1968. Numerals indicate
number of days from start of record. Note the
current reversals between days 1:71 and 23. (From

Petrie and Swmith, 1977), , .
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. N
Miller, 1977; Andrews et al., 1976) and limited work in Labrador

(Ives, 19537) and‘ Newfoundland (Brookes‘,)1970) have documented the very
limited extent of ice during the latter half of the Wisconsinan glaci-
ation in the eastern Canadian arctic and subarctic. '.i?h\-most« detailed
work c;f Grant (1977) and evidence from the marine environment (Alam
and Piper, 1977; Stow, 1977) also suggest the minimum model. Glacio-
logical alrguments for an exténsiva late Wiscoqsin ice sheet :m this
region (e.g. Hughes et al., 1977) have not been widely ggﬁépted.

.

H N \ 4
The important points about Grar,t's interpretations are as follows:

\,

1 Highl?,nd ice sheets existed over qua Scotia\, New Brunswick
and Newfoundland, each separate from the other and from the main
Laurentide n?:ce-sheet, except‘ for a probable connection with the
Newfoundland ice-sheet across the Strait 'of LBel]e isle.

2) The; Gulf of St. Lawrence may have been free of ice for the
late Wiscon;inan event, although a glacier may have extended along the
Laurentian channel as far as C‘abcb)t Strait during an earlier Wis:consin
stade.

3) The Scotian Shelf was free of grounded ice seaward of the

’

nearshorges moraine complex identified by*Kin’g (1969).

4) The Grand Banks area was also essentially clear of grounded

W
ice,

b). Sea Level

N

Traditionally,  the maximum late Wisconsinan sea-level stand on

the Scotian Shelf is considered to be about 110-120 m between 19,000
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and 15,000.y7s. B.P. (Stamley et al., 1968; King, 19703 Stow, 1977).

These values are largely based on the remarkably consistent pOSithH

K
catt » o
et
o
.

At
s

Some doubt has been thrown upon this.figure by th@-theoretical model—~
1iné of Quinlan (1981; Quinlan and Beaumont, 19813, based on minimum

e

ice~thickness assumptions. Quinlan's modgls are largely suﬁgpr%ed

back to 14,000 yrs B.P. by the accurate relative-sea level data of"-

*Scott and‘Medioli'(1979, 1980) from Northumberland Strait, New Brunswick

and the neafshore zone of mainland Nova Scotia., However, no data is yet

available on the Scotian Shelf itself.

In trying to reconcile his model with the established 110-120 metre

b
stand, Quinlan suggested that earlier melting, several thousand years

prior to the 18,000 yr B.P. start of his.model, and/or melting: of mors

*

distant ice, either from Antarctica or globally, might explain the

:nisfit. Ice sheet reconstructions (Hughes et al,, 1981; Robin, 1977) and

r

other geophysical models (Clark and Llngle, 1979) do not support the

extra melting required so that Quinlan (198l) conceded that the land-

o

based data of Scott and Medioli (1979, 1980) and thus his relative
sea-level: model were in disagreement with the 110-120 metre stand of

King (1970) and others.

a

The problem has rather impé?tant implications to the slope as .

s

sea-level lowering would have resulted in significant shoaling and

{ .
emergence of the otter-shelf banks (Fig. 1~9). A sea—level‘lowering
gf'lZO metres (Fig. 1-9a) wguld cause the emergence of all the outer

shelf banks leaving onl& the Scotian Gulf and the The Gully as narrow

)
w P I
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Effects of sea-level lowering on the continental

margin of Nova Scotia,

bot'tom:
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seaways. Quinlan's maximum lowering of 70 metres (Fig. 1-9b) would

only leave Sable Island and Banquereau Banks exposed. Oceanographic

¢

processes dinvolving cross~shelf mixing and fine sediment tramsport

are clearly dependent on which scenario is closest to the truth.

‘(e) Water Masses

[l

There hav; been considerable recent advances in the interpretatiéns
of surface sea—temper;ture using oxygen isotopes and biological transfer
funct;on analysis of planktonic foraminiferal species and assemblages.

" These have led to increased sophistication in paleujoceanographic Te~
construction (e.g. see CLIMAP Project Members, 1976 for 18,000 yr B.P.
map). The use of benthonic foraminifera for botéomrwater reconstruc~
tions is 1eés advanced, but recent work (Streeter, 1973; Lohmann, 1978)
has demonstrated that certain benthonic assemblages seem to correlate
well with certain watermasses. Streeter (1973), Schqitker (1974) and
Streetir and Shackelton (1979) have used this re%ﬁtionship to interpret

[

w |

variations in North Atlantic bottom watermass digtributions through the
- /

last 120,000 years.

"

The essential conclusion of these authors was that Atlantic deep
circulation betweeﬁ 70,000 ard 18,000 years‘%gp was significantly
different from the present circulation. This difference is explained

by the restriction or disappearance of the North Atlantic Deep Water

« Schnitker (1979).

More locally, various forms of evidence (Fillon, 1976; Alam,

1979) point to a "cooling-event" around the eastern Canadian margin
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beginning be,tween( 4,000 years B.P. and 6,000 years B.P. (Alam, 1979} »
or as late as 3,500 years B.P, (Fillon, 1976). Several authors have
suggested that this .event was the initiation of the cold Labrador Cur-
rent ov‘er the Labrador Shelf (Fillon‘, 1976) which was absent during
the pre{;ious glacial period. Alam .(19 79) sug';gests that only the cold

component of the current was absent so that although the Labrador

Current was flowing prior to 6,000 years B.P., it was in fact signifi-

q

cantly warmer than at present.

EQUIPMENT, MATERTALS AND METHODS

[

1) Acoustic Survey

The GLORIA IT long range sidescan sonar system was made available

>
for a short survey by D.G. Roberts of the UK's Institute of Oceanographic

Sciences. The system operates on the same principles as conventional
§

Y

sidescan sonmar, but has a total swath raflge of up to 50 km (Somers

et al., 19°78) . Both transducer and receivers are housed in a neutrally
buoyant tow-fish which was launched from a hydraulic platform.
Technical details of GLORIA II are to be found in Somers et al. (1978).
In the study aréa, the profiles were run with a 20 éecond sweep speed.
The data is taped,, then feplayed onto photographic paper in "a
facsimile machine, of-the sort found in newspaper offices for receiving

S

pictures over the telephone lines" (Somers et al., 1978). These

S oo

sheets-are then rephotographed onto 35 mm film in a special purpose
anamorphic camera to give an undistorted sonograph. The anamoxphic
1]

ratio is determined by the ship-speed across the bottom. For the
o

AG
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X

purposes of this study, photographic prin}:s were then developed on a

scale of 1:50,000, for direct comparison with other data plotted on.

this scale.

Operating on a frequency of 7 KHz or less, the theoretical limit
"of resolution of GLORIA is of the order of 10-20 cm. This would indi~ :
cate that bottom features in the scale of latge bedforms would be

- ) r AY
detectable as differences in record texture, It is not at present
‘. +
possib/le' to use this ‘capabilj_ty and experience tells that an actual

resolution of tens of metres is more reasonable.

4

- @

The identif::Lcation of features on GLORIA records is very sensitive
to the angle- at which the beam illuminates the seafloor. Thus different
profiles show ‘up different features. It is imperative that GLORIA is used
in conjunction with other systems so that fea.ttures identified from

GLORTA records can be groundtruthed.

During the GLORIA survey, a bottom-penetrating acoustic profile

“was obtained using a small capacity airgum.

Sparker seismic profiles were obtained in co-operation with the
Nova Scotia Research Foundation Corporation, using its deep-towed bottom
profiling system: The _syste‘m uses a 300 to 7,009 KHz gparker sound
source with a 200 joule output, firing at 250 to 500 milliseconds. The
towfish, containi’ng sparker, hydrophone and depth transducer is auto-

matically depth compensated; it was towed at a depth of 100 metres and

_ at a speed of 45 knots. Penetration of up to 100 m s was obtained.

B

E
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n

Resolution of the)system is in the order of 1 metre.

Echo-sounding profiles were run using a 12 KHz broad-beam pro-_

filer, with hull-mounted transddcers and trax(x/ggeivers.‘

¥

Névigation for the early cruises (1978-79) was by Dececa and
-Satellite only. The Decca system is somewhat inadequate for the scale

‘of survey undertaken (average line-spacinf 1.5 to 2 km). Later cruises

e

ased -the newly established Loran C 5930 Chain which cprovides good

coverage for the whole Scotian Shelf and Slope. Positioning was much

improved (theoretically repeatable to within 90 metres) and in good )

agreement with satellite fixes.
L 4
u{\ §

2) Sediment Sampling 4

&Y n [ -
o

Surface samples in sahdy areas were collected using Van Veen
(27 samples) and Shipek (27 samples) grab-samplérs. Where the sand
contained a substantial gravel fraction, neither corer performed well

although, in.general, the Shipek gsampler recovered larger volumes

0f sediment. . b I
A total of 41 gravity cores, 35 piston cores (with gravity trip- /
5 cores) and 6 box cores were obtained. A Benthos 3 inch I.D. gravity /

corer and an Alpine 2 1/2 inch I.D. piston corer were used. The box~
corer was made at Bedford Ingtitute of Oceanography. Long cores were

cut into 1.5 metre lengths and stored until splitting. Details of

the samples were presented in Table 1~-1. ~*

.OU
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(a) CORES

CORE _NO.

PR REERERL R R E B vavansuwn

SKMPLE NO.

78-005-3
7180057
78-005-8
18-005~9
78-005-10
78-005-11
78-005-12
78-005-13
18-005-1%
78-005-15
78-005-16
78-005-17
78-005-42
78-005-41
T8-005~44%
78-005-45
78-005-45
78-005-41
78-005-34
78-005-55
718-005-56
18-003-57
78-0Q5-38
78-005~59
78-005-75
78-005-76
78-005-77
78-005-78
78-005~79
78-005-80
78-005~-81
78-005-82
78-005~83
78-005-85
78-005-92
78-005-93
78-005-94
78-005-95
718-005-96
78-006-1
78-006-2
78-006-3
718-006-4
78-006-5
718-006~6
78-006-7
78-006-8
78-006~9
79-002-2
79-002-4
79-002-3
79-002-6
79-002-8
80~004-15
80-004~16
80-004-19
80-004-20
80-004~22
80-~004-22
80~0064-23
80-004~24
80-004-28
80-004-29
80-004~-60
80~004~61

IYer

R e e N e T e e L R A T L L L R
<

NQWQXOD WD

LB L EL LR E L LY

LAT_(*N)

" 42%45.55

42%46.48
42°45.50
42°44.00
42°42.30
42439.46
42°45.16
52°47,9%
42%49.63
42%51.22
42°52,66

. 42°53.40

F3

42°%47.50
42°50.00

"42°52.50

42°33,40
42355.70
42°55.40
42°54.8
42°54.8
£2*55.0
42°54.3
A2°54.4
42°54.1
§2°55.0
42°53.9
42°53.75
42°53.4
42°54.0
42°41.5
42°23.3
42%44.6-
42%45.5
42°46,2
42%46.2
42%44.9
42°43.8

42°57. 4
42°57.4
42°57.9
42°54,99
42°55.27
42%43.58
42°51,09
42°53.22
42°52.99
42%46.5
42%44.3 -
42°42.5
42°41.4
42%37.61
42°53.0
42°42.5
42°43.0
42°43.0
42°43.3
42%43.6
42°40.7
42°41.9
42°46.0
h2%44.6
43°12.3
43°10.8

o}
TABLE 1«1
A

LONG (W),

£3°30,59 700
6393010 500
53°30.06 600
63°30.10 800
63*30.00 900
62%15.09 1400
62°16,45 1200
62°15,12 1000
62°24.60 900
62°15.17 800
62°15.50 700
62°15,20 600
62°07.04 1000
62°06.50 500
62°06.90 800
62°06.80 700
6206, 50 595
62°06.50 500
62°12.4 495
62710.4 500
62°09.0 502
62°08.9 550
62°10.8 550
62°12.2 550
62°06.4 550
62°08.9 - 600
62°10.5 593
62°12.1 €05
62°14.6 550
6§2°23.0 1000
63°23.6 980
63°22.7 800
63°23.0 790
63°22,7 600
63.26.4 602
63°26.4 706
63°26.8 £10
61°53.0 300
61°53.0 300
61°53.0 340
61°49,48 700
61°50.47, 684
61738.17 1698
6143, 44 987
61°44,82 800
61°44.10 194
63%25.0 602
63°24.5 798
63°25.0 920
63°24.5 1000
63%25.0 1400
63°29.3 622
§3°28,8 950
63°27.1 866
63%26,0 856
63°25.2 886
63°30,2° 820
63°30.0 1004
§3°22.0 1020
63°27.0 600
43°22.0 800
60°59.5 492
61°00. 4 648

[

1.05
1,26

1.16
5.02
5.69
3.59
3.8
0.45
3.72
3.37
4,16
5.46
5.56
4.02
5.31
6.12
324
L.74
£.,35
5,01

P .
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G = Gravity Corwa

(b) GRAB SAMPLES

78-005-1
78-003-2
78~003-5
7%-005-6
78-005-18
78-005+1%
18-003-20
78-005-21.
78-005-43
16-005-4%9

. 78-005-50

°

ome (V) VATRR DT (m)
» 53°09.9 §1*00.5 775
» 43*07.6 $1°00.9 9%0
4 43°04.2 61°06.7 108
b 4 43°02.3 61°03.3 1%
» £3°09.3 61°09.73 1350
? 43°10.0 61°0%.0 *30%
? 30
P o A2%3.2 6€3°22.08 790
? 42943.15 63°21.29  +1]
? 33
b . 280
» 740
r\ 7%
' I ’n
| S 1245 4
b 4 80
? 628
P w Pintou Cores
43°00,00 63°30.00 165
42°48.20 63°29.75 250
42°47.20 63°30.00 383
42°K6,48 63°30.10 %00
42°54,%0 62°15.70 A9%0
42°55, 10 62°16.10 »s
42°56.20 62°15.50 298
£2°57.20 62°15.10 198
42°36.40 62°06.90 393
42°57.40 62°06.80 290
42°38.40 62°06.80 200
42°55.%0 62408.80 450
42°33;:4 62°10.3 %50
42°33.2 62°11.6 430
42°42,3 . 63°22.0 400
42°48.1 63°23.0 200
§2°48.7 63°23.2 252
&2%49.6 63°23.5 > 198
A2°8).6 63°23,5 198

A
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3) Laboratory Methods : .
zn N . s '@ v '
Each core f&ri,ls split and x~rayed, then described usix{g visual and

" Z~ray deiteria. Colour was determined using the Roeck Colour Chart dis~-

v

tributed by the Geological Society of America. For further analysié‘,

o

sub-samples were removed from the cores and grab-samples. — ° o

LN 5 . « Sa

o

Grain-size analysis was performed by standard dry sieve and

v

‘pipette methods. Heavy minerals were separated by petrogrgghic ex—

~

amination using tetrabromoethane (R.D. = 2‘.97‘:;11: 20°C). Clay minerals
frcvxm the <lu fraction were analysed by X-ray diffraction, using the

method outlined in Piper (1976). o o ’

(v
W

Foraminifera were separated from the sand fraction by flotation

in carbon tetrachloride (RD = 1.58 at 25°C). Planktonie foraminifera

* were sieved out (using a 180y sieve) of the separated fraction. No

l
«

size separation was used for benthonic foraminifera studies, but

splitting of large samples, using a Soiltest sgmple‘ split{:er, was oftem”

- v +

necessary. ) ‘

fa
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CHAPTER 2

°

Y

SLOPE MORPHOLOGY

INTRODUCTION -t . -

=N
3

e 3 .,

e
For an adequate sedimentological model to be ‘established for any * :

A
v

particular sedimentafy environment, it is vital to relate depo-

°
o

sitional processes to geomorphological features. Recent studies of

continental slopes have begun to demonstrate a wide rangeg of mer— !

d -

phological types.. A basic division between constructional and de-

structional ‘types (Digtz, 1952; Rona, 1969) is useful zFig. 2-1), Con~-

structional slopes are characterised by continuity of reflector%@between
- ©

the shelf and slope, indicating progradation of the margin. Destruc-

PR - &

hd [

tional slopes are generally steeper and show zones of chaotic reflectors
and one or more large-scale discontinuity. King and Young (1977) give
several examples from the eastern Canadian continental margin and

demonstrate that a margin can undergo several phases of alternating

construction and destructiomn.

S

* L3
B £

Morphologically, constructional slopes appear relatively simple, . -

E .
although this may be mainly because of ;he lack of det;iled studies on/ \\ >
this type of slope. Much more interest has been taken on various \\
aSPects of destructisnal slopes, in particular, mass-movement and N \
ch;nnel~features. ’

L
T

Mass movements (slumps and slides) simblar to subaerial land-

slides and related features have been recognised at various scales K

\
v °
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Figure 2-
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by construction
Rona, 19693 King
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justration of the
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tional slopes {after

and Young, 1977) .

g



“n

.
»

on continental slopes,from hundreds of kilometres (Gulf of Cadiz

.

margin, D.é:ckoberts, persg., comm.) to less than 500 metées (Field and
Clarke, 1979). Evidence from the ancient record (Laird,, 1968; GCook,
1979) suggesté éﬁat smaller~sgale slumps\nnd/slides, beyond the réso-
lution of most acoustic systems, wéuld be prasent. Slump slide
features are largely responsible for the large-scale eroéion of des—

tructional slopes and their chaotic appearance on seismic pruﬁ@les.

L]
v -

Erosion by canyons and turbidity-current chamnels is also an
3 i R -
important process on continental slopes. McGregor et al. (1979)

demonstrated that an aﬁparently 'scalloped” upper-slope morphology can
be formed by tributary-channel erosion. Detailed correlation of re~'

flectors is rquired’to distinguish inter-channel ridges from slide-

» i -
blocks of superficially similar appearance (McGregor and Bennett, 1977;

1979).

In this study, the morphologically complex Scotian Gulf area (Fig.

1~3 ) was inveséigated in detail, using 12 kHz echo-sounder, GLORIA
% . -
long-range sidescan sonar, air-gun and high-resolution deep-towed ’

-

sparker selsmic records. Relatively little survei‘work was carried
out‘on,the Western Bank area, mainly for logistical reasons, but some

. - ) !
high-resolution ‘seismic profiles were, obtained in the area. - Survey

»

lines are shown in Figures 2-2 and 2-3. Navigation'ﬁrio; to 1980 was by

Satnav and Decca and since 1980 by Satnav and Loéran C. The

'
v -

resolution’ of the Decca navigation is very poor and it was necessary
to smooth the tracklimes. The gubsequent Loran C navigation is much

better (accurate to within 200 metres or so) and indicates that th"lhip

P

o
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[13

Figure 2-2.

e

Location of survéy lines in the Scotian Gulf area.
Solid line: V~fin seismic profiles; dashed line:

GLORIA and air-gun profiles; dotted: 12 KHz echo~
sounder profiles. ) .
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Location of V-fin selsmic Qurvey lines
Western Bank area.
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was generally able to maintain a steady course even in poor weather .

conditions. Where available,cross-overs were matched and the older

\

lines were shifted. In the case of the deep~towed profiling system,
the fish tpw-length was assumed to be at a horizontal distance of 500

metres from the ship unless otherwise noted on the record.

b

BACKGROUND

The deep structure of the continental mdrgin off Nova Scotia has
been the subject of extensive investigation by C.E. Keen and co-workers

at Bedford Institute of Oceanography. The boundary between oceanic

Nt

basement and continental basement ptcurs in a zone approximately 70 km

' wide near the slope-rise boundary |(Keen et al., 1975). The sediment

piles overlying basement vary in‘ﬁhickness from about 5 km, at the
shelf edge to nearly 8 km helow tLe base of the slope (Keen et al., 1975).-

The oldest ‘sediments recovered from boreholes off Nova Scotia are .

o

Triassic and Early Jurassic in age (Jamsa and Wade, 1975) and consist

of red shales, limestones and evaporites. Overlying these are a thick

sequence of Jurassic, Cretaceous andgTey}iary clastics and limestones
showing various .phases of transgression and regression. The Quaternary

is represented by a shelf-edge accumulation of glacially derived clastics,

u

.reachiﬁg up to 1500 metres thicknes;htJansa and Wade, 197%) and repre-

senting extensive outbuilding of the margin as a result of high rates

of glacially~derived sediment supply.

G

Although most of the post-Paleozoic sediment accumulation has a
éimple, flat-lying structure, King and MacLean (1970) and McIver (1972)

recognised 1érge—scalé intrusion (pieréement) features within the shelf

A}
L4
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.and rise sequences, which were interpreted as salt diapirs derived

from Triassic and early Jurassic evaporites. The diapirs caused folding

of overlying rocks in a distinctive zone beneath the continental rise

E

fr&ﬁ thaiLaurentian Channel in the north to N&ftheast Channel in .the
south, named the Sedimegtary Ridge Province by Jansa and Wade (1975).
The outer edge of this zone is very regular and corresponds approximately
to the 4000 m bathymetric contour, while the inner edge is irregular

and in places underlies the upper slope (Jansa and Wade, 1975).-

THE SCOTIAN GULF AREA

Air Gun Record

Profiles A~A', B-B' and c-c' (Figs. 2-2 and z-ziﬂ) run obliquely
down the slope. Up to 1.5 seconds of penetration was achieved, which
probably includes most of the Quaternary section and perhaps the topmost
Tertiary (Jansa and Wade, 1975). No good candidate foy the strong
Pliocene reflector of Jansa and Wade (1975) is seem. The section can

be divided into four main units (Fig. 2-5).

UNIT A
f’::? - v
s The deepest reflectors (below 1 second penetration) dip gently

southward and are either ‘flat-lying or slightly undulating. They are
apparently continuous across the whole area, although they canmot be

traced individually across this distance.

3
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Figure 2-5. Schematic illustration of the four seismic units
identifiéd from the air-gun records shown in °
Figure 2-4, '
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UNIT B

s

Directly overlying these deep reflectors is a unit of folded akd

®
\
distorted reflectors up to 0.6 seconds thick. In places, the foldin

appears coherent, but in general only discontinuous, steeply-dipping

= ¥ i
reflectors are seen.ﬁ;hhe unit pinches out in an upslope direction.

UNIT C. .

©

This unit consists of strong, continuous reflectors which appear

. horizontal or dipping upslope in pfofile C-C', suggesting a strike

parallei to qhe‘ship's track and a true dip of the unit to the southeast.

L

It apparently onlaps and partially drapes thé~rough surface of the

underlying folded unit.

N -

UNIT D

> <

.The reflectors of Unit Drare irregular and discontinuous in the

v

upper-slope region, but become more coherent downslope. They appear to

- I

have a disconformable relationship with the -underlying unit and there
are suggestions of minor disconformities within Unit D itself. Just
below 1000 metres.wéter—deptﬁ in both profiles (Fig. 2-4), there is a

region of elevated, irregular topography, with approximately 100 metres

v

(maximum) félieﬁ.

. vy,

Tﬁere are two possible intrepretatighs of the folded reflectors

It

of Unit B and the elevated surface featu}es‘of Unit D. In profile
8o ] .

< A-A', the nature of the disrdpted reflectors,.just below the surface

]

v
.
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feature, suggests diapiric intrusion of salt or shale from below., The

& o

location of these structures is ver§ close to the outer margin of the
Sedimentary Ridge Prévince and some of the deformation may be associated
with diapiric processes. However, the reflectors of Unit A bheneath

Unit B are not substantially deformed, so that intrusion frog below is
unlikely: Thus for a diapiric méchanism to be viable, cither the salt or

]

‘ shaie'originated within Unit B or was intruded laterally. Shales make ’
up a large part of the pre-Miocene Te;tiary sequence (ﬂardy, 1975) an&
although little published information on the early .Pleistocene sequence

" is available, it is likely that mud is a primary component of slope
sediments at least in part. However, most diapiric features on the

shelf and in the Sedimentary Ridge Province are from much deeper sources;

and it seems unlikely that such young sediment would have been sufficient-

ly loaded to cause diapirism.
. %

®  The alternative explanation for these features is that Unit’B rep-

rgsents a period of slumping which causgd the deformation. The weége:
shape geometry of the Onit (Fig. 2-5) would be compatible with this
explanation. Upslope-dipping reflectors are commonly seen ang may be
explained by subsequent infilling of small basins formed by slumped
blocks. The elevated feature at the surface may itself be a slump-~
or slide-block. Apparent folding of reflectors beneath the features
may be merely velocity effects as seen less markedly elsewhere in the
profile. The locations of the slide-blocks may be related to the
maximum thickness of Unit B. The southeastward dip of reflectbrs_

within Unit C suggests that Unit B thins in that direction and is a

ridge-like feature, which partially-controls the present-day bathymetry.

8 ¥

o



Thus, @ slide originating on the upper slope may have been arrested

by a decrease in slope-angle over one of these slump-controlled sub-

" bottom ridges.

¢
-

i -
The present day regional morphology of the slope is clearly seen

P '

to be the result of substantial erosion of the upper slope with de«\

position (partly as slumps andﬁslides) in downslope areas.’ Some of the

¢
- [ -

upper—slog%iﬁrosion may be concentrated in channels. .
Fh
Bathymetry, , “ . .

-

The bathymetric map (Fig. 2—6Z»has been constructed from the echo-
sounding and seisiic~lines shown in Figure 2-2, and four sounding-lines

completed by the Canadian Hydrographie Seiv@ce. There is much bathy-

metric variation on the scale of 10-20 metres relief and 500 metres

. s o b

horizontally which is beyond the resolution of this map. HoweVer, the

map shows the general features of the bathymetrﬁ quite well.

. . . . . ‘
The shelfbreak is clearly-defined at 250 metres depth Fﬁd the
uppermost sln%éias on average 5.0°, The ave;agq slope decreases in the
downélope direction to é.Z° at 900 metres. At the base of the steepest
part of the siope (500 metres) is an area of higher t@gn average relief,

which shows up on the map a& an area of irregular contours. Two ridge~

like areas of-approximately 0.5 kmg are defined by the.contours and a

[

similér.broader area to the east is apparent. A well-defined valley-like

feature emanates from this area of high-relief, but from the contours,
it does not apparently continue Eglow 950 metres. However, careful

examination of the 12 kHz profiler réeords suggest that it does continue

~

P

. S



&7

4
S

«
oy



200

300

700

800

900

1000

1100

1200

48

v

-
.

.

.
—"‘
,
e

i

.

“
~

S
g
o
.
A
- .
.
.
” ¥
- 0
¥ - .
-
8
“
f
. - .
. }
—
v *,
. -
PR
& .
+ L
- i -
-
.
.
'
- v
" -
B
. L
e -
~

«

TS SRS



o

southward as a smaller-scale gully.

In the southern part of the area, the contours swing from a
broadly W-E orientation in the west, to a more NE~SW direction inothe
east. ‘Also in the south, there is éQidence of other ridge~like
features between 1000 and 1200 metres. One, in the southwest, is weli—
de?ined and corresponds to the elevated feature in air=gun profile C-G'.
The more easterly ridge is not well-defined, but to the north of it is

an area with a slope angle as low as 2.2°.
3 S
The 12 KHz echo—souﬂder profiles (Fig. 2~7) illustrate the changing
character of the slope from west to east. Profile D-D', across the “
central part of thé'study area (Fig. 2-2) is steep .and concave in theu
north, but becomes-;roadly convex to the south. Lines E-E' and F-F',
on the other hand, have overall, more concave profiles. Both profiles

E~E' and F-F' also cross the valley-feature which can be seen to be a

well~defined incised channel.

1

It is interesting to ndéé the relationship between batﬁ&matry and

the deeper structure. The broad bathymetric bulge in the southwest

_corresponds to the sffilar feature ip sub-bottom unit C (Fig. 2-4).

This itself is related to onlap of the slumped Unit B. It appears that
the large-scale bathymetry of the slope is partially controlled by the

locations of large early Pleistocene slumped masses., .

Interpretation of Specific Mqrpholog}cal‘Features from GLORIA IT Sidescan

and High Resolution Seismic Profiles

Using all the data at hand, and in particular, the GLORIA II record

| 9



Figure %—7.

12 KHz echo-sounder profiles run perpendicular to
the slope contours, Scotian Gulf areads .
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and the deep~tow seismic profiles, a number of specifiec morphological

features can be recognised. They are shown odﬂFigure 2-84

The GLéRIA IT survey was run along t?ack-lines A-A', B-B' and.
C-C' (Fig. .2-2). A different aspect is presented by each of the
records, which are shown in Figures 2-9, 2-10 and 2-11. The accompanying
line-drawings are objective representations of features on the records. °

Occasionally, different features on separate records overlap which

4
f
i
¢
i
1

suggests either some system artifacts are present or that the navigation

[ T

is inaccurate. The survey used Satnav kavigation and a speed of 8 knots

maintained, so that navigation problems should be at a minimum,

—n ma

3

GLORIA records are best interpreted in conjunction with other data.

ey B

In' this study, good bathymetrie control and high-resolution seismics are
oY =

used as _control. Several important morphological features have been

P

recognised. : .

p
(1) UPPER SLOPE ESCARPMENT

» 12

On GLORIA profiles B-B' and C-C' (Figs. 2-10, 2-11), a straight
to sinuous line (a) marks a boundary between a featureless part of
the record to the north and a patterned area to the south. This
feature is located just south of the shelfbreak and corresponds to the
steepest part;yfthe slope. The air-gun record (Line B-B', Fig. 2-4)
shows it to be an escarpment-like feature; truncated reflectors indi-

-

cate the erosive nature of the escarpment. . ¢

On profile B-B', the escarpment appears to curve round to the

south (Fig. 2-10). This is confirmed by the presence of the dis- .



3

Figure 2~8., Morphological features of the Scotian Gulf area.
(a) Upper slope escarpment .
(b) Zone of high relief hummocky topogfaphy
(c) Upper slope slide blocks o
(d) Lower slope slide block(s) ™
(e) Larxge debris flow toe
(f) Comstructional slope channel

~
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Figure 2-9,

ta

[

Features traced from GLORIA profile A-A', 20 second'

sweep gives range of approximately 12 km each side
of track-line (marked by arrow).
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Figure 2-1Q.

N

Features traced from GLORIA profile B~B'. 20
second sweep, starboard record-only. .
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2~11. QEscarpment feature traced from GLORIA profile C-C'.
20 second sweep, starboard record only.
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tinctive scarp on the seismic profiles I-I' and J~J{ (Fig. 2-14).
The same feature can be seen as far south as profile M-M'. (Fig. 2-13).
The nature of the seismic profile above and below the escarpment is

very different. To the north and west, the bottom is smoother and

the sub-~bottom is characterised by continuous parallel reflectors,

while below the escarpment, the bottom is hummocky on a scale of tens

of metres or greater gPd reflectors are discontinuous (Figs. 2-13, 2-14).
Prominent sub~bottom'reflectors can be traced fgpm upslope of the

escarpment to beneath the scarp surface.

o

(2) UPPER SLOPE AREA OF SLUMPS AND SLIDES

Just below the escarpment is an area of rough, hummocky relief
characterised by a high density of hyperbolic returns (b, Fig. 2-8).
It forms a narrow zone'a§ the base of the escarpment and is crossed by
profiles G-G', HrH'“and J-J' (Figs. 2-12, 2-14). Similar chaotic
bottom characteristics are generally ipterpre;ed as the products of
slumging and mass-movement ‘processes (eg. Pamuth, 1980; Damuth and
Embley, 1981). The location, just below the rvelatively steep escarp-
ment adds weight to the argument for a slumped origin of this rough h
topography. '“

- %

Within the slump mass and further downslope are a nunjfer of blocks -

- -3

with positive relief and greater acoustic penetration, showing regular,
N J
parallel sub-bottom reflectors (eg. c, Figs2-8, 2-14) vwhich are often
t © - »
tilted and/or slightly folded (Fig. 2-14). They have dimensions in the

order of 20-50 metres thick and 500 metres wide. Some have well-defined

. A

st sy S NS

Fw !

- 2
£ [PRLawr S -



Figure 2-12.
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(in back pocket). Line drawings of seismic profiles
G-G', K-K', Q-Q', R-R' from Scotian Gulf area. For
locations, see Figure 2-3, Profiles arranged geo-
graphically with most northerly profile at top.



Figure 2~13.
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(in back pocket) Line drawings of seismic profiles
1~L', M-M', 0-0', P-P' from Scotian Gulf area. For
locations, see Figure 2-3. Profiles arranged geo~
graphically with most northerly profile at top.
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Figure 2-14. (in back pocket). Line drawings of seismic profiles .
H~-H', I-1', J-J', N=N' from Scotian Gulf area. For
locations, see Figure 2-2. Profiles arranged geo~
graphically with most northerly profile at top. -
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bases. Un the GLORIA Il records, a number of irregularly-shaped,

strong~reflecting areas can be identified (see especially ?}g. 2-9) ¢

which ars likely related to the blocks identified on the\reismic records.
seismic records

Where they correspond closely to positive features on the

or to bathymeiric features, they are shown in Figure 2-% \c}. It should be

. re-emphasised that these GLORIA reflect¥ons may not represrnt the true

outlines of the actuad blocks. R

\

Thege features are interpreted as coherent slabs of copnsdlidated
» X .
sediment which have slid into or with the main slump mass. |It is not

clear whether the blocks slid indqﬁéidently or with the wPO:E mass, but

#e narrowness of the slumped zone suggests that the comple

.t ) "

features observed 1s best explained by a number”of smaller s iug

ty 9f-

events rather than one large slump. The slumped zone represeAts the -

accumulation from these events at the base of the escarpment.

¥

(3) LOWER SLOPE SLIDE COMPLEX AND DEBRIS FLOW ) -

Y -

*

. * e\

Featureg similar to the blocks described above are also present
on the GLORIA record to the south in wdter deptil of 300 to 1200

metres, (d, Profile A~A', Fig. 2-9). Most of the featu}es-lie in a
AY

zone which®s almost ggrallel to the ship's track and}must therefore

-

be regarded with suspicion as potential artifacts. However, the.
' Y M

features themselves are irregularly-shaped and not oriented parallel to N
the' track. , Furthermore ;. some correspond very closely to bulges in the’

H
~

bathymetric contours in that area.

¢ -

“u
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No seismic lines run through the southwest corner of the area,
but a 12 KHz echo-sounder profile (S-S') across the features is shown
. in Figure 2-15. The GLORIA features can be seen to reflect the surface of
a uistinctive block some 7 km x 3 km size, with a stepped upper
surface and a very steep downslope termination. The profile is typical .
of §1ide masses émserved from othgﬁuslopei (Embley and Jacobi, 1977;
Field, 1979; Mullins and Neumann, 1379). The upper end of the feature
is crossed by the sei;mic line R-R' (Fig. 2-12) in which the steep
sides and flat top are very apparent. The record is poor, but ugde-

@
formed reflectors can be made out within the block.

»

4

Just upslope of this large slide blocé on profile S-8' is a
smaller, low~relief feature (E, Fig. 2-15). On the seismic profile
P-P' (Fig. 2-13), this feature -is seen to be lobate innggoss~section,
hcoustically transparent and have very small-scale surface roughness,
\\)J T resulting in irregular hyperbolic returns. The feature has the

a appearance of a debris flow (Embley, 1980). It does not seem to

o
7

zbﬁ associated with the slide blocks along the line of profile 5-5',

o

being apparently separated by a small distance. However it seems

P "likely that there is 'some relationship between the two features in terms

év

of source and age.

" BN ’ .
"'\ (4) THE MAIN cgaiNEL SYSTEM

)

oo, ; o

- Running through the central part of the study area is a well-
: o

defined channel (Fig. 2-8)." “It can, be seen oﬁ,oné'ELORIA*profile

(Fig. 2-10) and most seismic profiles (Fige.' 2-12, 2-13). In its

g ubper feachesg"the chanmel is clearly incised, wiée‘(¥ 1 km) and deep‘
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Figure 2-15.

of the slide block (see P~

12 KHiz echo-sounder wrofile S-S* which crosses a .

large sdide block near S'. Note the steep toe
and undulating surface of the hlock. <The convex-up

profile of a large debris Xg.\. (E) 1s*seen upslope
P Figure 2-13). -
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“

(- 50 m) with a flat bottom and a distinct thalweg in mid-section
(K-K', Fig. 2-12). .As it progresses downslope, the channel decreases
in both depth and width. 1In the midslope region, the channel margins
dre levee-like (I~L', QfN‘), but these are difficult to distinguish
unequivocably from uneroded slope or élide—blocks. Only in'profileﬂ
M-M' does the channel ‘margin show the thickéninéfof the :éflecturs

that is ‘characteristic of levee;. In places, the internal oréanisatign'
of the channel margin is complex with several erosion surfaces being
apparent (N»N‘,“Fig; 2-14). Probably, the channel margins are as
susceétible to slump-erosion as any other part of the slope, but de-
positional rates are high. True levees may never be formed, rather the

channel margin maybe the site of alternating deposition and mass- }

wasting resulting in the complex structures observed. .

Also in the midslope region, the channel is incised into a broad,
flat or slightly hummocky area, characterised by strong surface reflecm -
tors and strong, discontinuous reflections in the immediate sub—bct;om.~
In places, this broad surrounding area could be mistaken as part ogithe
maiﬁ channel as it has well-defined margins and a flat or very slightly
hummocky bottom (Profile N~N', Fig. 2-14). Elsewhere the maégins are
less clear and the bottom more hummocky (Profile LTL', Fig. 2-13). This
suggests that the surrounding a}ea is not part of the actugl channel,
but is perhaps periédically an a:;a of turbid?ty current activity.

The margins of this "flﬁodrplain"~1ike valley are controlled ﬂy sluﬁp

and slide{deposits.

L3
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S

In the southeast of the area, the chanmel decreases dramatically

in size to around 15 m depth and less than 500 m in width (Fig. 2~16).

(4

The profile; )bec‘omes V—sﬁaped, (although this ma): be 'in part due to side-
echoes) a‘ind the surrounding area is again characterised by strong dis-
continuous sub-bottom re,fleqtor; near the surface; At greater'depth in
the-sub~bottom (within 20 msecs} strong reflectors are common, some of
which ‘may be buried channels (Profiles 0-0' and Q-Q', Figs. 2-13, 2~14).

Echo sounder ‘profiles show that a small channel continues southward out

hd Y

of the study area,
.t “

@

From the cfecreasé in chammel dimensions and nature of the bottom

.

and sub-bottom reflectors, it appears that the southeast part of the

- ¢

study area is the, site of substantial deposition. This corresponds to
[ v w .
the area where the contours are deflected northeastward slightly

(Fig. 2-6) so th\at the g:hannelo encounters a relatively steep dropl -
followed by flattening of the slope below about 900 metres. Deposition
resulted as the slope flattened out and both the seismic ﬁrofiles (0-0'
and Q-Q') and the contours suggest that as the channel size dedreased,

a small depositional: lobe was built up. .

«
‘ L3 -

4 The jobe has similar characteristics to the suprafan of a sub- :

marine fan {(Normark, 1970), having a broadly convéx upper surface with
f * k]
strong, irregular near surface reflectors ard.suggestions of buried

4

+ ¥ channels in the subsurface (Fig. 2-17). The dimensions of the ,

¥

;Lol;e, in terms of relief and area, are also similar to suprafans of -
small submari;xe fans, eg. Navy Fart\(qumark, 1970). A small channel n

" feéture,, appears on an echo-sounder profile in the very south of the
- K & - -

»

- [ 4

-
-
-
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Figure 2-16. Variation in main channel dimensions (to scale)
measured from seismic and 12 KHz profiles.
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Figure 2-17. Llne drawmng showing detail of seismic line Q-q'
) over the depositional lobe, Scotian Gulf area.
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" studv area,suggesting that the channel now crosses the depositional
study

lobe and carries on downslope.

@

" -~

%

As mentioned, the 1ocations6£ the depositional Xobe £s related
to the local flattening of the slope in the southeast corner of the *

study area (Fig. 2~7). Altﬁough it is possible_ﬁhat this bathymetry is

e

related to a local slump-secar, it is more 1ikel; the result of the

undulating regional topography which itself is controlled by the early,

a

Pleistocene sub—bottomlunit§ A and B (Fig. 2-5).

The GLORIA recoxrd (Fig. 2-10) suggests that in its upper reaches,

the channel is fed :from the west by a number of tributaries, One

-

major convergence is suggested between profiles L-L' and N-N' (Figs.,

-

2-10, .2-13, 2-14) and several smaller ones further upslope. The nature : :

of these tributaries is highly variable and a number of examples are

shown in Figure 2-18. ’

. L2l 3 -
On the upper slope, where the topography is very rugged as a
result of slumping, small chamnels have developed between large slide—

blocks and slump-masses (Fig. 2-18 (a)). They are recognised by the

Very strong returns from the valley—bottams, which (allowing for side~

éf echges)‘have narrow, flat bottoms, probably £illing an original v-shaped »

&

n: pro%ile. Further downslope, the tOpographyaéggomes gentler, but valleys

I3

are often flat~bottomed with strong bottom reflectors being characteristic

of the floors (Fig. 2-18 b). These low-lying areas seem to have been

? a

filled with seaimenff The ,large "“tributary" seen on the GLORIA record

.

between profiles I~L' and N-N' is shown in Fiéure 2—181(c)3 The

profile L-L''shows a definite, éharp, aéymmetéical depression, bounded
P2
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Figure 2-18.

CHANNEL ¥

Line drawings fram upper—slope seismic/ profiles,

showing details of valleys between slide blocks,
Scotian Gulf area.
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L]

\\M\gggoqe side by a pogéibla slide block and on the other by hummocky
slumped material. The near-surface sub-bottom reflectors are dis—

con%inuéus and relatively strong, especially in the deepest part.

This last-described feature is difficult to interpret. The GLORIA
record doeg suggest that it is a large tributary which joins the main
channel a little further downslope (Fig. 2~-10). However, the vailey
is clearly related to the slide blocks which Pound it and takre is no
seismic evidence which confirms that it is a continuous channel. The
evidence presented above suggests that Fther tributary channel paths
arg, controllgd by slump masses and slide-blocks. This is probably also
true din this last example. Although the channel may not now be active,

°

it may have acted as a sediment conduit in the past.

(5) CONSTRUCTIONAL~SLOPE CHANNEL

L]

In the west of the study area, where the slope has: been unaffected .
by siumping (Profiles J-J', L-L', M-M', Figs. 2-13, 2-14), a small con-
structional chamnel (f) is present. The channel has built up sub-
stantially (50 msecs) by levee accretion. Wedging of ggflectors be-
neath the present éﬁannel suggest that it was constructed over a smaller,

a

"pre—e%isting leveed channel. The downslope continuation of the channel

v

below profile M-M' is not known, although a small chanpel-like featusg

is seen on the west of profile P-P' (Fig. 2-13).
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The Nagg;e of the Mid-Slope Area: Erogsion vs Deposition

"

o

»The mid=slope area (between 600 m and 1000 m) has a very irregular

meso-scale topography which is the result of erosion and redeposition,

, mainly by mass-movements. The main channel divides the‘study area into

two regions whose morphology are thought to have evolved separately,

o
i

- a

. West of the main channel, a distinction can generally be made’be-
tween areas where erosion has dominated and areas of deposition. Profile
I-L', for example, shows a distinct "zone of removal (cf. Damuth and

Embley, 1981) between two blocks with undisturbed parallel reflectors.

&

» <
It is difficult to.trace reflectors across the eroded area but the

- “

erosion surface” appears generally concave. Profile M-M' is similar in
this respectt but the hummocky tbpography is less steep and more sug-
gestive of deposition." §ub;bottom reflectors are more easily traced
across this profilg+and suggest that substantial erosion has taken place,
with thqureatest removal from the c;ntral part of the profile. The
hummocks , whi;h have a};elief of betwee d 20 metres, have smooth
éurf;ges and are generally transparent gxcept for a thin region of
strong reflectors at the surface (Fig. 2-19 a). It is suggested th;t

° - ? %

the hummocky topography has been modified by subsequent deposition,

» which smoothed the irregulax, eroded surface.

x
*

i Profiles in deeper water, (N~N', P-P', Q-Q') suggegt that deposition

is the dominant control on the morphology. The general morphology is

f more convex than in upslope areas; the apparent concave profile of line

Q~-Q' is due to the crossing of the large slide-block in the west. The

*

e e
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Figure 2-19. Line drewings of profiles from the mid-'-slope area

(a) erosion dominant (b) deposition dominant.
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F4

hummocks appear %eat in places on-a well-defined, near-planar

surface (Fig. 2-19 b) and have smooth upper surfaces. Most are trans~

pdrent, but some have parallel or hyperbolic internal reflecturs. The

-

¢ [

hummocks in these profiles are Interpreted as small slide-blocks and
slumped masses, deposited after removal from the eroded upslope tbgion.
The large debris—flow/slumpwmass described previouslv in this area is

seen in profile P-P', . |
- /

/

Profiles along lines running almost perpendicular to the slope
show evidence that large-scale slide-blocks may underlie much of the
study area (Fig. 2-20). The seismic profiles gaown in Figure 2-20
are located along the margins of the study area. However, sigilar
features’can be seen on echo«sodhder profiles which run downslope in the
west of the area (eg. D-D', Fig. 2-8). It is likely that much of the

a

meso-topography is related to these larger slides and their slide scars.

East of the main channel, the slope shows mainly erosive charac-
teristics (P;ofiles K-K', L~L'),.except where the channel dies out and
has built the small depositional lobe (Profiles #0' and Q-Q;, Fig.
2-12, 2-13). Even'in these areas, small-scale slump erosion has

taken place (Profile 0-0').

. Summary: Morphology of the Scotidy, Gulf Area '

&

4
The regional bathymetry and erosion by mass-movements appear to

n‘{(, -

exert first-order controls on the slope morphology in the Scotian Gulf

area, which is summarised in a block diagram (Fig. 2:21). Slumping has
’ > },

[PEREEEE o
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Figure 2-20. Line drawing of downslope profiles from,
outside the Scotian Gulf study area as defined

by Figure 2-2.
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Figure 2-21. Schematic block diagram illustrating the main mor~
\ phological features of the Scotian Gulf area.
Vertical scale much exaggerated,
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oeccurred on a range of scoales below the steep escarpment located about

L]

1 km below the shelfbreak. Individual slide blocks and slump-masses are
irregular and variable in size. In one zone, Just below the esearpuent ’ .

large, dincrete blocks with considewrable vertical velief (> 40 metres) °
- . N ‘\ )
arc idontified. These congrast to the low relief, more tabular slide’

R ‘ .
blocks in the mid-slope and lower slope aveas, N o

- Ry
Py

[

Slump and slide-blocks control the meso-scale morphology. In crgss-

section, the surface of the slide-blocks are irregular. Some inter— -
. e
block areas may have become active, continuous chamnels which supplied | ‘
~
the ‘main channel system in its upper reaches. . 2 e
. e

2 Q ’
kY
o b

As the main-channel progresses downslope, its dimensions gradually

decrease.- This may be the result of the decrease in slope in the oL

&
j

"southeast corner of the area. There is strong evidence that

'

built a small depositional lobe in this area. This lobe may still be

v

partly active, but the channel now crosses it and tontinues downslope.

o

the chamel

s

THE WESTERN BANK AREA .

e -

: The morphology of this area was not studied in great detail. The i

high resolution seismic profiles (Figs. 2-22 and 2~23) were run in 1978

using Decca Navigation. Figure 2-24 summar}ses the main morphological

featpges of the area identified from these profiles. -
LI

©
v v

The Western Bank area has a lower relief than most of the Scotiapfh
Gulf area, and the eastern part is characterised by a flat undisturbed

bottom. To the west, a number of low-relief (>.20 metre) etosidhn

)

surfaces are apparent (Y-Y', 2z-2'). In cross—sgctioﬁ (U-U'), these
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Figure 2-22. (in back poeket). Line drawings of seismic profiles
v-u', ¥~V', T-T' from Western Bank area. Tox
locations, see Figure 2-3,
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Tigure 2-23.. (in back pocket). Line drawings of seismic profiles
\ W-W'y ®X', ¥V~¥', Z-%' from Western.Bank area. Tor
' _ locations, see Tigure 2-3.
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" Figure 2-24,

i
v

l

Skétch map of morphological features in the Westemn
» Bank area. |
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features have a dictimer clump-sear mowphology (=) afd the clumped
materdial {y) can be seoen on the profiles further downslope (U-T°,
¥-V"), No echorent slide-blocks are obscrved in any of che profiles.

o * £
The upper slope shoys a low, humvocky zolicf with lov acoustic
o Y
penctration. The hummocks are irzesular and thelr origin is unknoui.
e ° >, 4
v f
!
. .y |
In vhe west of the area, g 50rmetre deep incised channel ecrosses
. . r e
profile Z~%4'. The up~ on ﬁownglope convinuation of the chaanel commot

»
n

ng of the channel suggest thac it dio

]

be documented, bu¥® the dimensi
probably a major feature. The| channel-bottom ic very flat (Z-2'),

and although the bottom wetura is Bivong, suggesting o ecoarse £ill,

flat sub-bottom reflectors are|seen beneath it. The,fill iz probably .
s z
no more thdn a thin lag layer overlying a near-surface ervosion surface.

&

Lt
%

& ’ LY
Unfortunately, not enough time was spent in the Western ‘Bank ares

to allow more d%tailed interpretations. lHowever, the survey does
3 [

indicate that the Scotian Gulf] area is pot necessarily typical of the

t -
incercanyon areas of the Nova Scotian Slope. Avsas of subdued and almost

*
X
zero relief are also present.
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Stanley, 1976) are important in

o 3
e

fivst crder transport and depos
M » ) s(
major aim was co decide if it i
19
i i
procaecsesg, such ag turbidivy cu
(:) - ~

catastrophic evenvs, such as ve

nificant reeurrence intervals,
g

Alternatively, ave the textures

! °

¢ graphic events with a frequency

monitored by conventional curre
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+ DATA

Fa

Sinéé December 1975, a pry

o

<« "

o »

.

. .poerly uddorstood em most concimehtal marginc. Qualitative modeis

- - » a ' ) o '
been little-success in developing quantitative models.| Thus, it has

‘ “ M provided access to data covering the two yeav period, December-1975 to

. .«
) . CONITLFORARY SEDIIENT DUNATIECS .

- ~ %

1 -

a
Tronaport of gedimsnt acrosg the shelfbredl: and on the slope is

~ .

* .

/ emist for clopevards transport of bovh fime-grained sediments (MeCave
- 9

1972) and sond-sized material (Stimley et al., 1972) . but there haos

IS .

o

I
been impocsible tofdetermine which of the mony possible procesces (ege.

z

waveg, curvents, wides, internal vavegs see review in Souvhard aund

. °
J his envirvomment. This chapter attempis

an analysis of quanuvitative hydrographic and textural darva, to determine

1

o

jti@nal patrerns and processes. The
necessary co invoke catastrophic -

rents generatad aik the ghelfbreak, or

- @ 0
ry large storms with geologically sig-

¥

to explain the observed texmtures.
o

consistent with vransport by oceano-

of hours or months, which can be A

nt meters?

cramme of continuous curreht monitoring

!

o has been in progress on the NoJa Scotyian shelf and slope by B. Petkie

1

' and P.C. Smith of the Bedford Ins%ibute of Oceanograpliy. They ﬂave
W \l '

v

q

>
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January 1978, Curvenc meger avrays were deployed ot chelf, cheli-
/ ° it °
Yreak and slope locations in the SecoZian Gulf avea (Pig. I2-1) with

»

o

individeal meters ac meas-sunfaoco, near-botudn and various intermedlate

2

positions (Lively,.1979), Temperaturve aud conduciivity (salimity) v

readings vere taken concurrently and all data vere averaged over ome
° n

hourly periods. Only data from the bottom cuvren moLers are-presented

‘3

here os they pertain to botiom sedimenc movement. Baslc mooring data
for the three sites are shown in Table 3-1. The meters were deployed

at ppproximately 20 metres above the, seafloor, which in all cases was

withia the bottom mired-layer (Table 3-1), as determimed.from CID

3}

‘profiles. o

LY
Bottom sediment samples were taken with Van Veen and Shipek grabs
from a ship located by Lboran € and satellite navigation in the Scotian

o

Culf and Western Bank areas (Fig. 3-1). DBelow 500 metres water depkh
in both areas,-gravity-core top samples were used. Recovery .from the
¢ I

grab samples wag variable., Samples containing substantial am‘d‘i.‘mts of
gravel were often relatively small in volume, indicating only shallow
pxa:ﬁetration. Very small samp].;s and other samplés where washout was
o

suspected were rejected on a’qualitative,basis ,‘ g0 that onl¥ samples

)
o

which could be reasonably assumed to be representative of the botvtom .

surficial gediment were used in the subsequent analysis. Even so,

3 !

statistically significont amounts of the gravel fraction were not
r EL] 0 . »
obtained. Grain size onalyses weve conducted on the sand fraction

using standard, calibrated sieves at 1/4 phi intervals, ‘after wet

sieving to remove silt and clay particles. The fine fractions of nuddy

1
Y

samples were analysed Dy a pipette method. o

q L
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Mooring data for the three current meters used in

the study. Thickness of bottom mixzed-layers egki~
mated from vertical salinity-vemperature profiles

only.
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Figure 3-1. Location of surficial sediment samples (a) Scotian
Gulf (b) Western Bank. Triangles: grab-samples;
dotg: gravity and piston-cores; CM: current
meter. Bathymetry in metres.
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CURRENT METER OBSERVATIONS :

. (a) Shelf- " " T X

- ’4 4 -
The current meter lotated 20 metres above the bottom in 170 n@ B
., . .
. 'water (M-A in Fig. 3-1) shows a general eastwai drift of bottom waters

u

, with a long period og}:illation between northeastward and southerly daily

motions. Petrie and Smith—(1977) demonstrated: that oscillatim;s with la

K3 o ®

period of less than ten days correlate with wind stress variations °
4 & - !
measured on nearby Sable Island, and can be directly attributed to.

iIfle1:&:(;’rologic:atl forcing. Longer period motions do not- correlate with - '
'u N * P B

wind stress eveénts; their origip is thought to be related to the prop- ° I

' agation of topographic Rossby waves (Pétrie and Smith, 1977; Louis |, )

A L3
Al a

et al., in press)s

-
— ¢ L3

- 9
g

High cdrrent speeds are associated.with wind forced events which
L %

occur predominantly in the winter months.. Peak daily velocities reach

»*

values as high as 60 cm L during the winter, but during summer, they

rarely exceed 30 cm s—l (Fig. 3-2). Some very large events appear “on

the recrd during the winters of 1976 and, 1977 (Fig. 3-2). withguxrgnt C ?
4 - ‘ s ’ v, = -
velocities exceeding 100 cm s 1 in a north to northeastward dirgction.

3

The events are short-lived (generally 24 to 48 hours) but the high

. Speed motions are maintained through at leagt 100 metres of water . ¥
® ‘ .
columh. These motions do correlate with, slightly higher wind stresses; R ¢

] + * \

the water at lower depths move onshore (northward) during westerly )
(eastvards) winds. They are probably the results of large-scale water-
mass balancing imposed'on the complex bathymetry of the Scotian Gulf

area (B. Petrie, pers. comm.). i \

" .
- &
- . ¢
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Figure 3-2. Current meter records for three stations shown in
Figure 3-1(a). Readings were averaged at hourly

. intervals. (a) Shelf, (b) Shelfbreak, (c) Slepe.
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(b) Shelfbreak and Slope . "

A [
¢ -

Motions at the shelfbreak (CM-B in Fig. 3-1) and on the slope

(GM%C‘%n hig. 3-1) are dominated by strong currents parallel to the

o

coftours (Fié. 3-2). Long period reversals of the current are typisal
although net drift is to the west in the Scotian Gulf area as would

be expected from thelﬁater mass distribution;\\ggak velocities of between
30 ‘and SO‘ém s_l are characteristic of these strong motions at the

shelfbreak and 15 to 30 cm s-l on the slope at 700 metres water d{pty
]

| 4

(Fig. 3-2). Superimposed on the current drift is the effect of “the

semi-diurnal (M2) tide. This causes most of the short period vari-
. %
ability shown at -all stations in Figure 3-2. During the long-period

strong flows, the tide merely interferes to produce-slight modulation

3

of the current amplitude. ﬁhen flow is minimal, the tide can dominate
the water motions and current vectors follow an ellipsoidal pattern,
similarato other tidally domin&ted seas (eg. North Sea, ﬁCCave, 1971).
Current veloéities during these periods are substantiaily lower,

. v
generally less than 20 cm s 1 at both locations.

°
a -

The very strong wind-forced motions, obseryed on the shelf, do not
correlate with highei bottom~current velocities either at the shelf-

N + i
break or on the slope. ﬁbwever, strong near-surface currents flow to

the south (offslope) at the shelfbreak during these events.

3

GRAIN SIZE DISTRIBUTION - .

o

Methodology

°

®Various methods have been used to aid the interpretation of grain-

'



96

o . N
Y t

“size distributions (Biatt et al., 1980, p. 43 ffl: Most make the

assumption that a size distribution closely approximates a Gaussian “
distriQutfon when plotted on a logarithmic size scale. Several moment

- - &
measures around the distribution have been used to measure deviation

from the Gaussian model, to outline trends and to distinguish environ-

3

ments (Folk, 1966). Other workers have used probability graph pdper to

distinguish several lognormal sub-populati?gs within a single sample

(Visher, 1969; MiddIeton, 1976). Others again, however, have suggested
that the distributions may be better described by combined logarithmic ,
tails (Bagnold, 1937; Brandorff~Nielsen, 1977; Bagnold and Brandorff-

% 4 *

[

Nielsen, 1980). : .

,
’ oA

@ I the light of these differing opinions, great care iz requiréd
when making quantitative compagisons between gize distributions, as the

parameters used may vary aggdrding'to the assumptions made. The inter— ,
g . ; >

v ~on

. pretations here are based on the following methods of analysis. The

~

size distributions were first plotted on.Gaussian probability paper asn
cumulative fféquency curves (Fig; 3-3), Most curves consist of some
straight line segments, suggesting approximation to Gaussian sub-
pop%lations. However{ in the tail regions% significant déviations
from the lognormal distribution are often observed, which suggests that
.the Gaussian assumption may not be valid for at least part of the
distribution. This is no surprise as some depositional models dg not

. %
b
predict Gaussian behaviour (eg. McCawv

wift 1976). Generally, the

3

central regions show the best adherence to the Ga gian model.
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.

cumulative curves where the sieve calibration indicated intervals were

~

non~-standard. These valugs were psed in graphical dissections of the
| v

®, n

t - 1’ N [
*edrves following the method deset¥ibed by Dalrymple (1977). Reasonable
, ! s . . -

fits could be obtained ih‘the central regions (Fig. 3-4), but problems

I s ¥

were encountered with many of the tails as expetted from the probability

- g

plots. A-seécond dissection method.was therefore used. As the central

-

subpopulation is almost always the best sdrted .and the most 1ognofmal,
pop £ y ed I

©

8o *

it"was extracted first, rather t%an start at the tails as in Dalrymple's

a

method! The talls were sub§§§ugntiy replotted by simple subtraction

from the lognormal models of the central subpopulation (Fig. 3-3).

o

the best—-fit Gaussian dissections were used) and that the central sub-

population is near Gaussian. The straight-Aline plot of this subpapu~-
lation suggests that this is close daathe truth, and when the s%bpop-

¢ ulation is very.well sorted, the overlap with other populations is

minimal. An advantage of this method is that it does not force a

k u

h Gaussian model on either tai}‘when‘there.does not appear to be any
justification for it dn the probability plots. However, evé; foreing
the Gaussian model onto %he central part of the curve is probably
partially in error. For ome thing, there is no direct information on

. the nature of subpopulation overlap. Some%of the odd shapes in the
£ine tailkéubpopulations (Fig. 3-5) may be artefacts of the method and
suggest fgat the central subpopulatioﬁ is in fact truncated at its fine

s

end.. The method is useful for indicating the tri-modality of the size



s 100 :

Size distribution Of samples from the Scotian Gulf

area, dissected according to the method of Dalrymple .
(1977), assuming Gaussian subpopulations.’ Broken o
lines indicate significant non~fit to Gaussian model.

e
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SR UL S : :
distributions using minimum asgumptions, but the results should-not be N
) ) .
treated too literxally. 2 -
- w
3 ‘
- “ Y

. X .
Interpretation of Size Distribution

L2

S k3

Trimodality in sand samples from various ,&environments has been .

recognised in several other -studies (Visher, 19693 Méss, 1‘972; iddleton, -
19%)6; Dal%ymplga, 1977) but agreement .is not unanimous on the dynami.c
irrx‘;t;hérpx:eta..tion of the individual subpo;:ule}tions(. rI?erhaps the most wi"fiely
accep;ged ir;terpretation of trimodality is that of Middleton (1976}, who
felt thdt the subpopulatior:s represent‘é.d bedload (coarse tail), inter- .

‘mittent suspension (central subpopulation) and suspended load (fine
L =2 Q. -y

o

tail). Essentially, our data support these contentions. The erosion -
and suspension criteria fgr sand size qugirtz particles have been well .
e

establci;.?shed experimentally (Fig. 3-6). At the Scotian Gulf shelfbreak

Ty

(250 m) the central subpopulation has a distinct mode at close to 2 phi -

, @
-4

(Fig. 3-4). If this size was carried in suspension, a shear velocity

-

would be capable of eroding ‘and tramsporting, in bedload, partiéles a

little larger than 0 phi, which is, reasonably consistent with the size

a 3

distribution of the coarse tail/, although some coarser clasts are - “\)
»

»

present and the gravel fraction is statistically mrepresentat?ive.
A shear velocity of 2.6 ¢m s~1 is close to the values obtained
/ . )
directly from current meter velocities during maximum congditions, when
a reasonable drag coefficient (CD = 0.003) is askumed (Table 3-2). Using
the coarse tail of the central subpopulation to give a shear velocity v

estimate as suggested by Middleton (1976), requires higher values in

the order of 5.5 em s-l. Howeve¥, such a method is prone to considerable

»”
3

k4 k3

"

-
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Figure 3-6. #riteria for initial movement (Shields) and sus—

pension (U, = w) of quartz grains in water at‘20°C,
plotted on phi size scale, aftexr Blatt et al. (1980),
p. 103. Dynamic settling applies to graing coarser
than approximately 3 § (where the two lines intersect),
which must pass through a bedlead traasport phase be-
fore final deposition. Finer grains undergo passive

settling, directly onto the bed, with no bedload
phase.
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Table 3-2. Estimates of shear velocity (u) from observed currents
and grain size distributions at the shelf break and
slope. Current estlmates. "u, (max)" = from maximum
observed currents; u*(Av. Max.)" = from est:Lmated
average of daily maxima. Grain size estimates: "ug =
w (mode)" = shear velocity obtained using suspension
crlterla (Figure 3~6) and the modal size of the central

b “® yell-sorted population; "U,(a)" = shear velocity from
. Shields criterion (Figure 3-6) using maximum clast s1ze
(at 1% probability level)
) :
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WATER DEPTH
{(Mstxes)

Scotian Gulf

250
300

500

700

El tern !-!!

TasLy 32

CURRKNT ESTIMATES
“‘ (m) II* (Av. Max)

[y

2.7 1.3
!
1.6 0.7

GRAIN SIZE ESTIMATES
u, =w = Shields
(fode) u, ()

E |

2.6 2.7
- 2.4 ) 2.7
1.3 2.2
1.2 1.4
<1,0 1.2
<10 _ ‘ 1.0
3.2 3.0

1.1 1.3

-

JAUN



.point whichever method is used.

, 108

error (Middleton, 19763 Dalrymple, 1977) being especially sensitive

to the amount of subpopulation overlap and the assumed population

.

proportions, not to mention the assumption of lognormal subpopulations.

Furthermore, it seems flore appropriate to use the mode of the sub-

o

population rather than the tail as it is a relativély well determined

v

B
-
o
e
- »

The fine subpopulations appear to be strongly asymmetric (Tig.

3-5) as predicted by the McCave and Swift (1976) model. The tails
fine from an apparent mode of between 2.5 and 3.0 phi in every sample

L}

abave 500 metrés water depth. This consis?ent value corresponds very
closely tb the size of particle that moves directly into suspensioﬁ

when eroded (Fig. 3-6) without a bedloaﬁ’gzageg which suggests a de-
positional mechanism for the ev?lution~of the separate subpopulations, -

from an original population moving as suspénded load. Particles .drop-

@

ping out of suspension, with size greater than 2.75 phi, must pass

-

through a phase of Eédiqif trangport before final depositign, whereas

smaller sizes will settle almost passivelyy directly onto the bed.

This can have two effects: (a) rates of transport decrease markedly °

a ' D

in the bedload phase, (b) winnowing.may sort size classes in the bed= -

load. One or both of these effects may cause the apparent evolution of

°

two subpopulations- during the depositional stage of sediment transport.

The decreased transport rate means that over any unit transport distance,
° - 1

, LS

‘bedload material becomes more concentrated as thg suspended fines are

hd L

motre rapidly transported away. Over a longer period,  wimmowing of -the
fines deposited along with the bedload, would impiove the sorting of "the

coarser population, making it more distinct from the fine population. {
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This interpretation of the fine tail subpopulation is supported by

1

+ ¢
the gnwnslope trends shown by the central populations. The central

-

mode fines in a downslope direction until about 500 m water depth (Fig.

¢

3-5). Below this depth only the fine taill subpopulation is signifi-
cant. The undissected curve of the 500 m sample still shows a distine—
tive kink at 3 ¢, where, as in coarser samples, passive settling takes o

over from "dynamic" settling. By 700 metres water depth, the mode is .

in the silt range, which suggests shear velocities of less than 1.0 cm
-1

s ~. This is compatible with observed current velocities at that i

=

depth (Table 3-2). i

z
.
¢ Kl

Samples from the Western Bank slope show a similar pattéin (Fig. R
. .

3-7) with two main differences: "(a) the subpopulations appéar to be.

better sorted, and (b) the central subpopulation fines to 2,75 ﬁhi at a

i

shallower depth (200 to 300 métres). The former may represent a dif-

.

ference in source material. King's (1970) map indicates that sand on

Western Bank is’better sorted than sand in the Scotian Gulf.,
L

'SEDIMENT TRANSPORT PATHS

Sources

a
¢ a

Distinct downslope trends in the two coarsest populations (Figs. -

LY

3~5 and 3-7) suggest that coarse sand and gravel is derived quite locally
, from the outer shelf. In the Scotian Guli, sediment textures are vari~-
7

able, poorly sorted and contain large gravel fractions (Fig. 3-8). Some

textures appear to be only slightly modified from a very poorly sorted

source material., One sample taken in this 4Erea contained a few gravel

, 3

= aaaky,
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Figure 3-7. Size distributions of samples from the Western Bank
area, dissected by removal of central bsubpopulations
as explained in the text.
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Figure 3-38.

1] 1} ) g L ] 1} o # |}

0 ! 2 3 4 5 6 T
SIZE(PHI)

Cumulative grain-size- digtributions of three
typical gamples from the Scotian Gulf shelf. Note
the variability ‘and poorly-sorted nature of the
sediments. ¢
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clasts in the grab jaws with stiff sandy, gravelly mud plasteﬁ?d on

the outside of the sampler (personal observation). These textural
properties and the hummocky nature of the sea bottom in the area sug-
gest that glacial till is preseht in the Scotian Gulf. In places; it

is very close to the sediment surface and probably covered with a thin

Ppurey

gravel lag. The large bottom current velocities observed in the

o

Scotian Gulf (up to 100 cm s—l) w0ula be capable of erosion.of th? till,
even with the protéctive gravel lag. However, these high velocities
are always directed onto the shelf and probably result in transport of
sediment into adjacentfqmerald‘Basin rather than onto the slope, The

a8

currents may,.however, expose and erode large areas of* till and

- -

partially sorted sand near ﬁ&aspelf edge, which may eventually supply

a

the slope. °

.

o
K3

Conditions on Western Bank are mot well kqownt Most of the bottom
is sandy (King, 1970) and relatively well sorted. Parts of the bank may
be relict‘kKing, 1970, 1979), but sand waves and ripples have been docu~
mented on other areas close~by (Stayley et ai., 1972; King, 1970) indi-

cating active sediment tranmsport on’ some areas of the banks.

-

It is likely that the coarser sand is supplied to the sl&pe from
relatively local sources on the shelf (Fig. 3-9). Transport probably
occurs acrosg the shelfbreak only during the more severé conditions of
strong flow (Fig. 3-2). TFine sand, on the other hand, is pfpbably
transporéed for a much larger proportion of the time, requiring relatively

low shear velocities (Fig. 3-6). Thus, sources of fine sand are po-

/zentially nuch less local. Heavy mineral abundances in fine sands



Figure 3-9.

113 .

-

E]

Map of "part of the Nova Scotian margin showing u,
contours derived from sediment texture in the two
study areas, and schematic illustration :of sediment
transport routes. a = coarse tail subpopulation
(bedload); b = central subpopulation ("intermittent"
suspension); ¢ = fime tail subpopulation (“continuous"
suspension). !
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suggest a shelf source (Hill, 1979)y but cannot be used more exactly
"

due to the complex heavy mineral patjtern on the Scotian Shelf (James,

1966). TFine sand and’mud is probably supplied to the slope along the

whole length of ﬁhe Nova Scotlan outer shelf (Fig. 3-9).

Transport and Deposition

*

The textural datacguggesté that san@ transport is dominantly in
suspens}an. However, the detailed interpretation of the separate
subpopulations suggests that different rates of net tranéport apply to
eaéh subpopulation. From the current data (Fig. 3-2) and shear veloéity

calculations (Table 3-2), it cin be seen that suspended transport of

medium sand-sized material can occur only during short periods of high

flow. As a result, medium sand transport is directed éssentially along

’

. . 5 . - .
isobaths with the strong flows. The current direction during these

periods are presumably variable over the short-term and would result in

~

some net transport of sediment obliquely downslope. Deposition of the

@

, ,
sand would be temporary in upslope areas where the current maxima con~

sistently exceed the suspension criterion. For any particular grain-
1

size, deposition would b§ greatest at the point where u,= w (suspension
criterion, Fig. 3~7), and less efficient bedload transpofi takes over
from suspended transport as the primary transport‘medhanism so that -
the transport rate for that grain gsize is suddenly reduced. Thus,
modal sizes should give a good indigation of the local maximum shear
velocity (Fig. 3-9). ‘ : ' .

LY

The finer sediment, which essentially makes up the fine tail
subpopulation, is suspended at lower velocities, and, consequently,

transport is much more continuous and efficient. Fine sediment

-



« 116
Ty

transport would follow the mean flow direction more closely. This is
variable over) long periods and sediment dispersal is essentially both

alongslope and downslope. Long-term averages of hourly current vectors

)

(Table 3~3) suggest that there is a distinct downslope component to the

average drift at the shelfbreak. Diffusive and density processes may

8

also contribute significantly to the downslope transport. Settling of

! 3

fines may occur ubiquitously during quiet periods, but can only be
permanent at a point downslope where the environment ig sufficiently .

1y

quiet to allow actumulation of sediment. ’

Effects of Topographic‘RDssBy Waves on the Slope

¥
L4

The correlation between texturally derived and current derived
shear velocities is.reasonable and suggests that the textural patter;
is a response to the normal current regime in the Scotian Gulf area.

The lack of current data makes it impossible to say whether exactly

the same processes are important in the Western Bank area. In fact,
;here are interesting differences between the two areas. Figure 3-9
shows the position éf shear velocity contours as derived from sediment
textural data in the two areas. Contours of the same value are found at
relatively shallower depth and the shear velocity gradient seems to be

higher in the Western Bank area. Although the shelfbreak off Western ..

Bank is also shallower, these are still unexpected results.

{

Recent data allow speculation on the problem. According to Louis
et al. (in press), the Scotian Gulf regularly experiences the effects
of Gulf Stream eddies., Most seem to form at around longitude 65°W and

impinge locally on the slope. As a result, topographic Rossby waves are

+

ey
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Table 3—§". Long term averages:of hourly current vectors, indicating
net drift directions as average vectors (from Lively,

19 79) - ¢
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a

“forméd on the slope which have an average period of about 20 days and
an amplitude in velocity terms of about 10 cm s—}. The current meters
at “the shelfbreak and slope of thé Scotian Gulf show the éffects of

b}

these waves for approximately 65% ©f the total 1.5 years of record
.

éxamined‘(B. Petrie, pers, comm,). Simple calculations (subtraction /

of 10 em s * from current velocities in the Scofian Gulf) suggest that
the shear velocity ﬁattern would be very similar in the two'areas if

the topoé&aphic wave effect were removed. The Western Bank area is
i

mueh further awéy from the map area of eddy generation so that the

tépographic wave effect would be considerably less important here.

This demonstrateé,that these results are only locally specific;
however, the mééhcds used would be usefully emp%oyed in other ;reas. i
More complex.studies could be attempted if detailed information on bottom
b?unhary layer dynamics and bedforms can be obtained. Sampling remains,"
however, a major problem, despite the fact that considerable efforts

' were made to use only representative samples. Not only are the samples

often small and possibly non-representative of the areal distribuiton

)

of sediment, but it is not known how much of the vertical sediment
column is being sampled, 'or when that material was deposited. The

sample could represent yesterday's event or an average of the last

@

hundred years of events.

[

Deposition of Muds below 600 metres Depth

. Most particles of silt and clay size eventually leave the energetic

upper slope system and are deposited somewhere further downslope.'

e
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Exactly where depends on three important factors: (i) the dynagié

- )

conditions at the sediment/water interface and in the\bgttom boundary
N\
layer, (ii) the settling velocity of the particle, (iii) the floccu-

lation state of the particle in the water column. g‘Q’

R ‘s . -1
Maximum velocities decrease downslope, averaging 10-15 cm s

at 1000 metres depth and less than 10 cm 5—1 at 1500 metres (Lively,

1979). With a drag coefficient of 0.003, a current speed of 39 cm s—l

should maintain particles finer than 6 $# in suspension (MecCave and

-

Swift, 1976), while coarséi particles will be deposited. Size analyses,
‘however, indicate that particles finer than 6 ¢ make up a substantial

proportion of the total sediment at depths much shallower than 1000

metres (Figs. 3-10). In particular, the clay content increases -

@

rapidly with depth beyond 600 metres. This can be simply explained by°
particle flocculation. Small particles, particularly clay minerals,

will form flocs with higher settling veloeities which can thus settle

¢

and deposit under more energetic conditions. N

°
® -

/
v .

McCave and Swift (1976) calculated rates of deposition for various
particle sizes settling from a dilute suspension. They considered
both th%.case of constant concentration (continuous replenishment of

the bottom layer) and that of an initial ‘concentration that moves away

v

from the generating area without replenishient. They suggest that the
latter may be applicable to shelf-edge suspension and slope deposition.
The calculations show that for a bottom boundary layer thickpess of

100 metres, the mean residence time of coarse silt (4~5 Jy‘particles

L e e



Figure 3~10.
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Proportions of various size intervals plotted
against water depth for (a) the Western Bank
area (b) the Scotian Gulf area. Note different
horizontal scales., " E
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