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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.

’
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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



°

20ou}

.,
TRAY
O LA
@

&

- e
?

o° 1,
20°s
Ay
A 2
z
40°5 2
b 4
. “> All underlain
by pre-rift and
. rift rocks
CONTINENTAL SLOPES F ‘
60°S - sl l” i - [ s : t
- ' L3 “ - ~
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).
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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,
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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

~
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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 .

B

. .

[P



) §

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
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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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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
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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-

'
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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.



e

o¥




gﬁx.l < ’ a
. B e
q ' 4 B T
o s
) -, = F
89 4
s -B
90+
Hd
= - =
5
. i3 501
3
w
. = i
S ol
=
=
-
(3
14
¢
Eal
7T 8
SIZE (PHD) SIZE (PHI) ‘
v‘i b 3 ? G
o ‘ . . T ’
, d ‘ '



b

l

’ l iy

.

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
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is in the order of 20 days, even at very low current veloclities.

This is “important for two reasonms. First, the dominant periods of
velocity flucuations at 1000 m are m;ch lower than 20 days, although
major chaﬁges in mean flow direction may occur at periods of 10 days

or so (Petrie and Smith, 1977). Settling from a single suspepsion
-event can therefore never continue undisturbed. The process must occur
in phases of resuspension and partial settling. BSecondly, a suspended

particle can be transported large distances even after it has reached

a site of sufficiently low energy.

f ‘s

This last point explains why the proportion of particles larger
thad 6 ¢ drops off so gradually below 1000 metres (Fig. 3-10). At’
1700 metres depth, the bottom sediment still contains 14 ©/o ~partic1es

of the 4~5 ¢ size range (although slightly less than 50% of this

a

fraction is of biogenic origin). If the bottom shear stress was the

9

only control on deposition, the size ranges should show more distinct

bathym%tric zones. However, McCave and Swift's*(1976) model is based
) \ \ .
on supply: to and concentration in the viscous sublayer. The settling
#
properties of the particles thus play a major role in the overall

depositional patterns.

Mud depositioﬂ on the slope is thus a complex problem. Predictive
models based on McCave dnd Swift theory would be possible if the
detailed structure of the bottom boundary layer could bebmodelled

. (in both space and time). Advances in our understanding of flocculation
might also be incoiporated into the model. Relationships have been

discovered relating the natural and inorganic modal sizes with degree

of flocculation and the modal size of the flocculation. (Kranck, 1975).

v
<

- ‘«»i;.iarg
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This would require detailed suspended sediment sampling from the bottom

boundaxy layer. ﬂ
LRecent %uﬁmarsible dives on the Scotian Slope .i.ndic?te ubiquitous

bioloé;ical activity at the sediment-water interface, including {requent

signsﬁ of active resuspensiop of sediment by fish and mobile benthos.
Not only this, but large burrow and mound structures are common and
create a bottom roughness with tems of centimetres relief. On the
larger scale of textural patterns, these effetts are probab)ly not
significant. However, in terms of the dynamics of sediment deposition,
the effects of high near-bottom concentvations of suspended sediment
and increased hottn‘m roughness may be much more significant.  lcCave
and Swift's (1976) theory, for example, is based on low cox;centrat;i.ans
of suspend;zd material in a thin wviscous sub~layer. Extrapolation?sto
high concentrations over a rough bottom would be very dangerous.

4



CHAPTER 4
STRATLGRAPHY

Preliminary stratigraphic interpretations were made on Nova,
Scotian slope cores by Silverberg (1965) and Stanley et al. (1972).
This éﬂapter aims to expand these studies and include chronostrati-
graphic information in the fomm ofwraﬂiocarban dating. In accordance
with the International Stratigraphic Guide (Hedbérg, 1976), a type
core (11) is designated for litho- and biostratigraphic purposes

(Fig. 4~1). The chronologic control is given by radiocarbon dates from
» ; ES
a number of cores, including the type core. No formal units are defined
&

3

here.

?i %
! A
LITHOSTRATIGRAPHY

«

Core sequences can be divided into two distinctive units:

[

2) An upper, olive~grey and dark yellow-brown mottled mud sequence

1) A lower red-brown to brown mud,witﬁ associlated silt, sand and
& 1 N

o

gravel beds,

\

4

n

These units can be-traced along the length of the continental

+ \ \

slope from the Scotian-Gulf area of this study to Sable

Island Bank (Fig. 1-3). The cores described by Silverberg (1965)

from the latter area appéars to show the two units, although the§

were not divided as such by him.

v (@)
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Figure 4-~1.

’
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-e

Type stratigarphic core (11) from the Westexn Bank

area.

I
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CORE I

127

olive grey bioturbated sandy silt,
A .

2¢

Dark yellow-lLrown bioturbated mud.

'

@b

»

Olive grey sandy silt.

2a

-

=

Il

Dark yellow-brown mud with thin laminae
and bands of olive grey mud.

.

101.5 cm, red-brown lamina.

lb

-

Red brown clayey mud. Mainly Structureless,
with oceasional fine laminae and
red/grey brown colour banding near top.

la

]
1
3

AT,

Brown, mainly structureless mud.

Erown to yellow-brown mud with sulphide
mottling.

4

¢

Brown mud with fine parallel laminations.



128

UNIT 1

¢ o
wt

) P eZa
The dominant , distinguishing lithology of Unit 1 is red-brown
to brown mud. Coarser beds are”a’common component, but these ate

very locally de'veloped and cannot be correlated between cores. .

The twb end-member Mmud lithologies (red-brown mud and brown mud)

N

often alternate. The red-brown mud appears to .dominate at the top

A

of the unit iy most cores but it.is completely absent from many cores

o

in the Scotian Gulf area. Unit'l is tentatively divided into two

sub—unitg (Fig. 4-1 )1 |
(b) Uﬁper dominantly red-brown mud sub-unit
(a) Lower dominantly brown hud.sub—unit.

The boundary between the two sub—uﬁits is transitional but is arbi-

1]

trarily taken as where red-brown mud first appears.
4 a

The apparent unit thickness is variable from core to core (Fig.
4-2) and the base is rarely penetrated. In core 66, the base is de-

-

fined by a distinct erosion surface underlain by stiff, buff-coloured
mud, but it ig very doubtful that the whole sequence of Unit 1 is )
present in this core. Variability within the unit is considerable

(eg. Fig. 4-2). Coarser beds.are more abundant in the excavated Scotian

" Gulf area than on undisturbed parts of the slope, where continuous mud

©

\

sequences predominate. -

UNIT 2 /

This unit consists of alternating intervals of olive-grey mud

N “

y

w

-

Lo
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SCOTIAN
GULF

-

[

lie | METRE

ta

o A
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Figure 4-2. Variation in Unit 1 sequence along the Nova Scotian
continental slope. See Pigures 5-1 and 6~1 for key.
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24

(subordinate sands) and dark yellow-brown mottled muds. The base is

—

defined as the first occurrence of the characteristic daxk yellow-brown

°

mottled mud lithology.® Bioturbation is pervasive throughout the unit

= -

e
" except in a few coarser-grained beds where laminae aré preserved. The
. i

@

unit cin be divided into four sub-units:
(d) Olive~grey sand and mud ’ ‘
(cf (Thin) yell&wishrbrown mottled mud C et S
(b) (Thin) olive grey silt oé mud '

(a) (Thick) yellowish-brown mottled mud

N A
n <

»
These units are cokrelatable over the Scotian Slope, from the’

@

Scotian Gulf to Dawson. Canyon, although Silverberg (1965) did not recog-
nize similar units off Sable Island Bank. Sub—unit (d) may consist, of
two beds, a surficial sandier bed and an underlying muddy olive-grey

>

bed.

- B}
+

o

The maximum thickness of Unit 2 in the study areas is 200 cm.
L3 -
The unit as a whole and individual sub-units vary in thickness over
short distances (Fig. 4-3). Unit 2 is eften partially missing in

piston-core tops, as a result of incorrect setting of the biston—corer,

but it generally varies between 80 cm and 200 cm in total thickness.

In the standard core, the unit overlies a thin red-brown mud of
Unit 1, but elsewhere it often overlies coarger-grained or slﬁmped beds.

This suggests that the base of the unit may be locally diachronous.

4

There is .a distinct coarsening trend within the unit, in the up-

slope direction, the sandy intervals of sub-units (b) and (d) being

=
¥ »
H
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-

- - v

[

Unit 2 members (a-d) in gravity cores from the
Western Bank area. Heavy stipple: olive grey

sandy silt; light stipple:

olive grey mud; dashes

dark yellow brown mud; horizontal lines: brown

mud (Unit 1). The black band in core 27 represents

red-brown gravelly mud.

1

.
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best developed above 700 metres (Fig. 4~3). The olive-grey sand sub-

a

units become more dominant and greater thickness variations are ob~

served between cores in the upslope area.

. @
Ad

BIOSTRATLGRAPHY

“

Biostratigraphic control is possible by the use of bent@gnic fora~

migifera to define assemblage zones. Five cores were subsampled for
foraminifera, including the type-core (il). Some of the data were first
presented in an unpublished report (Hill, 1979) where two distinct ,
benthonic assemhlages were idenE&ﬁied in the slope éores. Recent de-
tailed studies of Scotian Shelf fauna by M.A. Williameon and A.A.L. .

Miller have refined the taxonomy of some of the identified species.

»

LNevertheless, the assemblages remain essentially the same:

Assemblage A: Trifarina occidentalis - Bulimina aculeata ~

Bulimina exilis assemblage

Assemblage B: (Cagsidulina crassa - Elphidium excavatum forma

clavata assemblage

More complete faunal lists are shown in Table 4.1. Assemblage A

contains a diverse rangé of benthonic foraminifera, but is usually

dominated by Trifarina occldentalis. The assemblage is very similar
-
‘ to those obtained from surface samples below 700 metres (M.A. Williamson,
pers. comm.), Assemblage B containk several species also present in

Asgemblage 3, but Trifarinabor Bulimina species are absent. It is

generally less diverse than asgemblage A and in places two species,

Cassidulina crassa and Elphidium excavatum f. clavata, make up ov%il‘

iy
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?

Table 4-1. List of main species comprising foraminiferan assemblages
A and B.

3

to



ASSEMBLAGE A

& r
Common species:

Ot:he_;: species?

ASSEMBLACE B

Common species:

Other speciles:

TABLE 4~-1
{

|

i faring oecidentalis
Bulimina aeculeata
Bueecella frigida

Cibietdes pseudoungerianys.,
Pyrsenkoina fusiformis

Blphidiun’ excavatum £. clavata
Cassiduling crassa

Nontonella turgida
HNonionellina labradorica:
Pullenia bulloides

Saccammina atlantica

Bulimina exilis

Glandulina sp. .

Cassidulina erassa
Nonionellina labradorica -
Islandiella teretis /
Elphidium exdavatum f. clavatd
Globobulimina auriculata

Nonionellina turgida
Ctbicides pseudoungerianus
Bolivina spp.

Fursenkoina fusiformis

iy

.
t
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90% of the total population. .

The distribution of these assemblages in the five cores studied
is‘sho;n in Figure 4-4, Assemblage A is restricted to the top 20-50
cm of cores that show a complete Unit 2, while Assemblage B is present
in the.lower part of each core below that depth. The transition from
assemblage B to assemblage A is quite rapid (within 10 cm), and seems o
to correspond to the lithological boundary between sub-units (c) and
{b) of Unit 2 (Fig. 4-4). Silvérberg (1965) and Stanley et al, (1972)

recognised a similar faunal change at the northeastern end of the

Scotian Slope,

[y

Within assemblage B the pr0por?ions of certain species change
1significantly. The two dominant species, C. crassa and E. excavatum
£. clavata, together mske up over 70% of the fauna in the lower parts
of the sequence, but upwards show a marked decrease in relative abun-
dance (Fig. 4~5) as the assemblage becomes more diverse. Vilks (1931)
has recéntly drawn attention to a similar transition which appears to
be remarkaﬁly common. on the continental shelves of eastern Canada,

Denmark and Norway. In Vilks' cores, the initial abundance of E.

excavatum f, clavata is usually as high as 60% and is more than 90% in one

core, On the slope, E. excavatum f£. clavata is usually less abundant,

although the assemblage is dominated to a similar extent by the com-

bined members of E. excavatum f£. clavata and C. crassa.

'

This feature may prove to be a useful stratigraphic marker on the

slope. Similar transirions are seen in both t?e‘Scotian Gulf and the

Western Bank areas (Fig. 4~5). The dominance ?f‘gL excavatum £. clavata

\

A
Y
° |

sl
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Figure 4-4.

137

Foraminifera assemblages in five cores from the
Scotian Slope. Left column indicates lithostrati-
grgghic uit, right column indicates foram assemblage
(explained in text).
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Figure 4-5. Downcore variation of the foraminiferan species
Elphidium excavatum f. clavata and Cassidulina -
cragsa in two cores from the Scotian Slope.
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is greatex in the Scotian Gulf area than of{ Western Bank where (.’
crassa is more dominant. However, the sudden reduction in the two
species occurs close to the Unit 1/Unit 2 houndary in both areas and

the size distribution of individuals in the samples indicates that the

penthic fawnas are in place, rather than redeposited.

As Vilks‘(lQSl) points outs, a faunal change such as this can be
a uwseful stra%igraphic marker provided there ié)prcper‘understanding
of the cause of the change. Vilks accounts for the restricted '

Elphidium excavatum f£. clavata-Cassidulina crassa assemblage by a‘cold,

low-salinity coastal watermass generated at the!ice—front/ocean boundary,

»

A similar fauna on the slope would imply that this water ext%nded to the

shelf edge and then sank below warmer, 1ess—den§e ocean water and along

»

the bottom down the slope. This, in turn, could have major implications

o 4

»

to glacial paleoceandgraphy in terms of bottom water genmeration.
There is no supporting or conflicting evidence for this possibility, so
that it cannot be said at present that the faunal change is understood.

Both the intra-Assemblage B and the Assemblage B/Assemblage A horizons

: nevergheless appear to have potential biostratigraphical value. ,

* N N &

5

CHRONOSTRATIGRAPHY .

o & N

The core sequences can be placed in a‘’time framework by the com~

[y

bined use of absolute dating and the correlation of biostratigraphic ,

units with other studied areas.

»

Ten Gl4 dates were obtained from Scotian Slope cores and are

summarised in Table 4-2. All but'one were obtaimed from analyses of
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Table 4-2. List of Carbon-li date/s ‘on Scotian Shelf cores.
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Core

11
57
55
54
57
58
55
556G

556

«J TABLE 4~2

Interval (cm) Age (v B.P.)

58 5,050 £ 300
108 - 116 19,045 * ?gg ‘
133 - 149 28,000

80 - 100 18,860 = 860

* 150 - 190 18,790 & 840

80 - 100 21,355 + 880
262 - 201 28,000 #2500
18 - 39 8,280 %, 270

98 - 110 17,450 # 650
35- 57 - 9,920 * 310

Type

Carbonate

Org.
Org.
Org.
Org.
ore.
Org.
Oxg.
Org.

Org.

c

C

Lab Wo.
GX«5737
GX~6398
GX-7273
GX~-7452
GX~7453
GX~7451
GX~7769
GX-7767
GX~7767

GX~7766

a
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3

total organic carbon. One shell sample was also dated, but the
sample was small and its age must be treated with caution (Kreuger )

‘Geochron Lab(Report, G%-5737), The dated cores are shown in Figure 4-6.

. 'Estimates of the proﬁortidﬁ of reworked organic material in the datdd

samples, (from palynology preparations) are given in Table 4-3, courtesy

of P.J. Mudiel This analysis suggests that some of the older dates may

s o

be up to 5,000 years too old. The technique is semiquantitative and

s

in the prii!ss of development (P.J. Mudie, pers. comm.) but it is pres-

ently impossible to quantify the total error in the age of each sample.

A sensible approach, in this light, is to treat the radiocarbon dates
1Y

at face value, while keeping in mind the potential error.

The 21,355 &r date in core 537 may be seriously in error. The sample

» »

was taken across a lithological boundary which may represent a hiatus.

, . ¥
Thus, the youngér, overlying sediment may be up to 30% contaminated by

sediment of infinite radiocarbon age. .

®

Most of the piston cores appear to vepresent at 1east/20—30,000

H
years of sediméntation, thus extending back into the last glacial period.-

2

I£ viewed strictly, time planes appear to cross lithological and faunal

boundaries (Fig. 4-6). This is probably largely due to the dating |
>
errors discussed above. !

N °

The boundary between Units 1 and 2 seems to fall between 17,000
and 20,000 years B.P. (Fig. 4-6). 1In core 54, the top of Unit 1
superficially appears to be much younger than 18,000 years. However,

the sediment immediately overlying the dated saction in this core
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Table 4-3.
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i

Estimated contents of reworked ("dead") carbon in
the dated samples, with potential error in absolute
ages (courtesy of P.J. Mudie, Dalhousie University).

’

it



TABLE 4-3

o

CORE INTERVAL AGE (yr B.P.)  %REWORKED QUATERN- ERROR (Y* B.P.)
ARSH PALYNOMORPHS
A . 9
55G 98-110 17,450 10 800
556 35-57 9,920. 20 1,500 -~
55 17-39 8,280 20 1,500
55 80-100 18,860 50 5,500 ‘
54 150-190 18,790 80 * %10,000
57 ° 80~100 21,355 75 10,000
57 133-149 >28,000 90 -
58 262-291 «  28,000" 80 >10, 000

v



Figure 4~6.
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Carbon-14 dates (yrs B.P.) on cores from the Scotian
Blope. Date with asterisk is unreliable as it was
sampled across a possible discontinuity between .
Unitjs 1 and 2.

.o

g Woroet B



- g4 -

ey . =
.
-

&

kY @ - } .
. SCOTIAN GULF . ) WESTERN BANK
w54, 85 556 57 58 I 27
O ) ) ) o -I? n % y P c.:
¥ = [b'.'z". la,aaa TEJ'Q.gzo . .i;_ N P < | 2 ?
N 2] t = 21h :
2 & 20 1 . 2 r“b; a ale"" o r_a_'s.oso
a j » q
100~ @ {hesso | o graso !2!’355, ’ ms,000 | !
Eyaaooo )
lxa,':go 8 ; 1y i .
200- a5 1la . 1 — =
) . .
\ ! !ze‘ooo
3004 i
e Qg
400~ . . .
" i
5004




e

= 148

con;ists of sands, which were probably depositéd relatively rapidly.
Thus the age of the Unit 1/Unit 2 boundary may, in fact, be quite close
.to 18,000 years B.P. as in most other’cores. If extrapolated strictly,
the age of the boundary could be as old as 24,000 years B.P. in core

55, implyiné gxtreme 1ocai diachroneity. This is thought to be unlikely,
especiai&y gn v;g& of the large potential error. ;t is more reasonable
to consider the boundary to be synchronous within the younger range of

s

18-20,000 vears B.P.

3

Sedimentation rdtes in the core sequences are clearly not comstant,
especially in the Scotian Gulf area, as indicated by the numerous vari-
ations in lithology. Thé one finite date below the Unit 1/Un£t 2 boun@ary
suggests that the sedimentation rate wa; generally higher during depo-
.sition of Unit 1 t;an during Unit 2 (Fig. 4.7). Thi; is supported by

the less obvious signs of bioturbatlon and the more common preservation

of primary sedimentary structures in Unit 1.

—~ . ,
(;é;b—unit 1 (b) is often completelynabsent from cores taken in .

the Scogién, Gulf area. In some cores (eg. core 57), there are cbvious

discontinuities cidge to the Unit 1/Unit 2 boundary, which may repre-

sent eré§ion of sub-unit 1 (b). However, in other cores (eg. 54 and 53), h

sedimenyation of Unit 1 (a), seems to have been continuous until the

major boundary., The base of sub-unit 1 (b) has been dated’in core 58 at

28,000 years B.P.
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Figure 4-7. Plot of distance downcoxe against time from CM
dated core sections, Numbers refer to cores (see
table 1-1). Horizontal error bars refer to
analytical error (see Table 4-2). Vertical error

- bars represent length of core removed for analysis.
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COMPARISON WITH SHELF® STRATIGRAPHY
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a

Figure 4~8 illustrates the inferred stratigraphic® relationships

N
on the slope and compares them to core sequences studied by Mudie T

(1980) in nearby Emerald Basin. Mudie (1980) compared the sequences \
in two shelf cores (Fig. 4-9), one from the bottom of Emerald Basin \
(her core 20) and the other from the basin margin Cher core 8). The \

basin-bottom~gore showed an apparently continuous sequence with little

"5
Lithological variation except for a subtle colour change at depth. Part

‘of the top was missing (Mudie, 1980), but the sedimentation rate de~-

creased markedly after approximately 10,000 years B.P. Core 8 from the
basin margin showed a more distinetive lithological change from brownish

mud in the lower seven metres to grey mud in the upper four metres,

The cores both show §i$tinctive foraminiferal assemblages which
are quite similar to those found in slope cores. The surface layer in
both cores contains a modern assemblage (FP) which is diverse and domi~

nated by genera such as Bolivina, Bulimina, Cassidulina, Chilistomella,

° -

Globobulimina, Gyroidina, Hoglundia, Lenticulina, and Pullenia (Vilks
and Rashid, 1976). This assemblage passes dowpwards into a more re-

stricted assemblage (FN) characterised by Islandiella islandica

(?Cassidulina crassa), I. teretis, I. norcrossi, Globobulimina

auriculata and Nonionellina labradorica, In core 8, the brown lithology

is characterised by the E. excavatum f. clavata-dominated assemblage.

Carbon~1l4 dates on core 8 suggest thatsthere is a sedimentary

)

discontinuity at the boundary between the brown and grey units. This

'
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&

Figure 4-8. Stratigraphic summary of Scotian Slope cores and

‘ comparision to Scotian Shelf stratigraphy of Mudie
(1980). Hachured areas represent zones where
Elphidium excavatum £. clavata dominate the
assemblage.
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is further supported by discontinuity of pollen and dinocyst assemblage
zones in the core (Mudie, i980), The missing section probably repre-
sents the period from 7,700 vears B.P. to ground 13,000 years B.P.,
thus placing a limit on the age of the15rown unit, The base of core’20
is dated by extragolatiqﬁ;at approximately 14,000 years B.D. The
browgrgrey boundary may have been slightly time-transgressive, but its
aéé;can be estimated at approximately 12-14,000 years B.P. £rom these
data. This corresponds closely to an independent estimate of the age

S

for the Emerald Silt-LaHave Clay boundary (G.D! Fader, pers. comm. ) .
o I

[y
Y

The ﬁNéFP assemblage boundary does appear to be time transgressive

between the basin-bottom and basin margin (Fig. 4-9). 1In core 20, it

-

occuis,ap approximately 11,500 years B.P. while in core 8, it is dated
’ a

at less than 7,100 years B.P. This boundary represents the establish-

ment of modern conditions in Emerald ‘Basin and it is not unreasonable

to expect that these conditions were established earlier in the more

stable, deeper parts of the basin than on the shallower margins durkng

a marine transgression, =

@

The slope sequence appears to correalate quite closely with the

basin-bottom sequence.(Fig. 4-8). The B/A faunal transition occurs at

“around ii,OOO years B.P., very close the age of the FN/FP transition

in core 20. The base of the basin-bottom sequence is dated at around

-

14,000 years B.P. and assemblage PR does not give way to the restricted

’

Elphidium assemblage. It is possible that this assemblage change occur-

)

v

red as late as 20,000 years B.P., as on the slope, but in other Scotian

Shelf cores, the boundary is generally closer to 15,000 years B.P. (Vilks,

- Fe

™
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1981). Both faunal changes apparently occurred considerably later,
(by as much as 5,000 years), on the basin-margin than on the slope

(Fig. 4-8). ' SR

PALEOCEANOGRAPHIC IMPLICATIONS'

»

‘ It was not the intention of this thesis to collect data that give
direct paleoceanographiec information. However, the faunal data does

raise some intéresting problems on palevcenvironmental conditions.
L 9

a

Vilks' (1981) explanation of the environmental conditions which
L J

resulted in the restricted E. excavatum f. clavata assemblage requires

very cold, relati;rely fresh coastal water to dominate bottom waters on
the shelf. This is feasible when an ice front is located on the inner
shga@f, melting directly into the ocean. TFor melting to occur, surface

s

waters would necessarily be warmed, at least seasonally. f)eusity con-

. siderations suggest that for cold, relagively fresh water to overlie

~t:h€;lbottom, the shelf waters must either be essentially unstrafified
or have a much reduced surface salinity. This would be possible in an

ice-margin situation, particularly if external water sources are

% o

reduced. y .

[

]
+*

The¢ occurrence®of a restricted E. excavatum f. clavata assemblage

°
g

on the’ slope s*uggésts that this water may have. extended to the Lshelf—

LN

edge and sunk .down the slope beneath ocean waters. The S-T charac~
teristics of present-~day oceanic watermasses are shown in Figure 4-10.

¢
Both surface slope-water (C) and deeper slape water (E) have quite

&8 "
high densities (Gt = 27-27.5)., The sdlinity requjred for very cold

oty



water (-2°C) to have excess density relative to modern slope water is
in the order of 34-35 c’/cu::. It is possible that mixing of the coastal
water with offshore watermasses. quickly reduced the salinity across .

the shaelf but mixing would also have raised the temperature of the

: " £y 'S » . 3 *
more brackish water. Vilks' explanation for the restricted }. excavatum

f. clavata assemblagé requires substantially reduced salinmity (<32 ©/oo

is implied: Vilks 1981, Fig. 14). 'To allow water of this salinity to
sink down the slope, the slope watermasses would need te be less saline
‘andfor much warmer. It has been suggested, by Fillon (1976) and

Alam (1979) that during glacial periods, the cold-core

Labrador Current flow may have been substantially reduced by freezing in

the Arctic source areas. This might allow encroachment of Gulf Stream -

water closer to the shelf-edge. Hgwever, there is no evidence from

planktonic foraminiferal assemblages for warming of the surface water

.

over the slepe (Hill, 1979).

-

Another important factor in theé palecenvironmental interpretation
s
is relative sea-level. Estimates of' the last glacial reduction of
sea-level in the Scotian S5helf area range from 110 metres (L.H. King

and G.D. Fader, pers.. camm.) to 50~70 metres (G. Quinlan, pers. comm.).

£ -
One effect of a reﬁu’ctioxg of sea~level would be to expose laxbe areas

of the outer-shelf banks around Sable Island. The effects 6f 110

Do .

metres and 70 metres lowering of sea~level are shown in Flgure 1:9.' ‘

e

.Even with 70 metres lowering, large areas of Sable Island Bank and .

o

Banquereau Bank would be exposed or less than 20 metres deep. 'This
o

could have important oceanographic effects. ' .
‘ .

.
Aas
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An important process governing the distribution of shelf

o

watermasses is cross-shelf mixing between cold (-0.5 to 2°C) sub~-
surface water from the Cabot Strait and warmer (10-14°C) slope water in

- v

the Sable Island and Banquereau Bank areas (Houghton, et al.,

<

1978). 1If this mix:‘:ng is prevented or greatly restricted, the cold
Cabot St;:ait water would protrude further across the shelf. Only in
the Scotian Gulf area might cross-shelf mixing be significant. Them
effect of this'very cold (and relatively brackish (see Fig. 4-10)) water
*would be to reduce the amount of ice-margin melting and enhance the like-

lihood of sea-ice formation, especially in the northern part of the shelf

where even surface water mixing would be drastically reduced.

Present day-bottom-water in Emerald Basin has similar properties

to slope~water at about 200 metres depth and is tvhoughtg to be emplaced
into the basin during winter storms whe,»{t slope water intrudes onto the
shelf (Houghton et al., 1978; Petrie and Smith, 1977). Modern con- .
ditions were established around 11,000 yea%s B.F. and presumablj}, the
reduced sa\a-level prevented the intrusion / process before that time.

/ .

)

In summary, althou‘gh reduced salinities can be used to explain .

the presence of a restricted E. excavatum f. clavata assemblage in

Emerald Basin, it is very difficult to invoke the same hypothesis on

.

the slope. Water of salinity less than 34 o/0o0 could not sink -below

the oceanic watermasses to form a bottom-water om the slope. It may be

that other environmental parameters not considered here are more im- :
- ’

portant controls on the fauna. High sedimentation’ rates during glacid\l\

< -~

2 -
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Figure 4-10.
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Sal¥hity-temperature diagram with superimposed

density (O
E = Labrado

E) s

igolines, C = surface slope water
lope Water, D = Maximum density of

* water suggested by Vilks (1981) for assemblage
with Elphidium excavatum f, clavata predominant,
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periods come to mind as one possibility. Cross-shelf mixing and

s

. 1
slope water intrusions are important modern processes wiixich may have

been prevented by reduced sea-lewvel. This would have lld to corsider-
. \
ably colder shelf waters and probably seasonal ice«'co*x‘ on the .

Scotian Shelf. .
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CHAPTER 5 ’

ARGILLACEQUS FACIES

Fine grained sediments make up approximately 70% of the recovered
core. Facies are distinguished on the basis of sedimentary structures
and texture rather than colour. The main characteristics of each
facies are summarigsed in Figure 5-1, and typical textures shown in "
Figure 5~2. Teétures aré classified a;cording to Shepard's (1954 ’

nomenclature.

FACIES 1l: Mottled mud

This facies incorporates a range of mud textures from silty-clay to
sandy silt. [ts distinguishing characteristic is a patchy or mottled
&

appearance. The facies often appears homogeneous on visual inspection,

but the mottling is clearly seen on X-radiographs. In places, distinct

Y R

burrow structures can be seen (Fig. 5-3). One common biogehic trace is
N ‘identified as Zoophycos (c.f. Chamberlain, 1978). .It congists of

parallel-sided, subhorizontal burrows, often with crescent-shaped back~

v filling structures. The individual traces are part of a larger network

%

of "burrows, so that burrows are usually encountered in groups.

)y ) . [ L
' " 'NFACIES 2: Parallel laminated mud
Ta A - ! . ‘ ‘
3} _— This fac%es,consists ofamuds with even, horizontal laminatPons which ¢
o refl;ct a distinct grain size contrast bétween‘langge kFig. 5-4), The b ,
. .individual laminae vary in‘thickneiss from' thi'n to very thin (nomenclature- . . ;3
, ? > (t . o . ) %

- . 3
. : %
.
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Figure 5-1.
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Important characteristics of the argillaceous facies
(1 to 5). Ieft colum gives symbols for each facies
as used on core diagrams (Figs. 7~4 to 7-8). 1Ice-
rafted debris is common in muds (Facies 1-4) of unit
1, either as scattered clasts or more concentrated
clusters. Clast sizes rarely exceed 2 cm diameter.

- !

RN . o<
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1.

2.

3.

4'

S.

L

DESCRIPTION .

Mottled or patchy muddy silt
to clay. Burrow structures and
bioturbation common.

Mu th yery thin to thin
parallel laminpe. -

-

Wispy lsminated mud with
indications of ripple-drift
¢ross lamination.

Homogeneous mud, no visible
structures even in X-radiograph,

-

. Graded sandy silt toamud
couplets, .

. INTERPRETATION

Hemipelagic mud- deposited from

non-catasrophic processes.

a

Turbidite mud, El division

of Piper (1978). .

- -

liemipelagic mud deposited fyom
slow but heavily lnnggd current.-

¢

Turbidite mud, Ey division of
Piper (1978).

L

Turbidite deposit. Bouma D and
E divisions.

R
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hepresen;ative x-radjographs of Facies 2 parallel
laminated muds.
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\ of Ingr‘am, 1954)" and coarser laminae may be closely or widely separated.
. by finer‘mx}d' (Fig. 5-4). Laninae of the first type are generally

sharper wlulle those of the se.cond arc less claarly defined on X-radio-
. graphs (Fig. 5-4) In some cases, Fae:;.es 2 muds :Eorm f:.ning upwards
units (Fig.) 5~4),, although the same laminated lithology occurs in un=-

. graded beds of varying thickness. Bed boundaries,may°be poarly defined;.
the facies often grades into other facies at both upper and lower

4 0] S S v

boundaries.

LY

.

‘ FACIES 3: Wispy—-lam:fnated mud

* S
¢ °

<

Muds with very fine, often wavy lamination are assigned to this :

® -
"~ facies. Individual laminae are non-parallel, often showing micro-cross

- B -

lamination, giving the mud 2 géneral wispy appearance in X-radiographs
(Fig. 5-5). These structures are best, seen in-X~-radiographs of thin '
slabs, although th;ay are “detectable in thicker sections. The facies

_ may show distintt colouf ban:i:\”.ng but is more usually made up of a single

«

mud colour. Gradational contacts with ‘adjacent lithologies are typical

@ . )

. ’ and individual units may be many centimetres thick.

k-3
2 ¢

. - FACIES 4: Homogeneous mud

® : a 4 t
kS K] 7y 4 7

° Muds which show no internal structures, even in X-radiographs, are

placed ifn this facies (Fig. 5-6). Individual units are variable in

thickness, but generally less than 10 cm. Boundaries are usually
* » -
gradational and there is no sign that primary sedimentary structures

have been destroyed. - -

o s e
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Figure 5-5. iiepresentative x~radiographs of Facies 3 wispy-

) laminated muds. .
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5
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1

Representative x-radiographs of Facies 4 homo-
geneous muds.
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FACIES 5: Graded sandy-gilt and mud couplets

o

5

This very distinctive facies consists of basal sandy or silty

units which fine upwards into muds (Fig.5-7 ). Individuéi couplets

‘ range,from 0.2 to 5.0 cm in thickness ana haye sharp, often erosional
basesE(Fig. 5~7). The sandf—silt beds are generally poorly sorted and
may be lensold or discontinuous. Single, isolated couplets are some-
times partly destroyed by bioturbation. The brown/grey graded units
are sometimes ovérlagn by red mud to form distinctive bed triplets. The
red Qud is generally homégeneohs‘or mottle&., !

1

I

MUD TYPES, SOURCES AND TRANSPORT PATHS

Fud on the Scotian Sldpe dlso shows quite distinctive colour
variations by which the main stratigraphic units‘(see Chapter 4) are

distinguished. There is a continuum of mud*colours, from olive-grey to

red-brown, but four lithotypes have been distinguished:

%
L4

(a) olive-grey (5Y 3/2)

(b) dark yellow-brown (I0YR 4/2)

(c) brown (5trl3/4)

(&) red-brown (LOR 4/6) * /

The compositional range of these muds is small (Fig. 5-8) and
individual mud-types have gradational, overlaéping fields. The sand
fraction of ‘olive~grey muds is characteristically rich in amphiboles

and pyroxenes with respect to Opaéue minerals. X-ray diffraction shows
. k4

that these muds have relatively high (> 10%) montmorillonite content

»
AR

%

s
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- Figure 5-7. Representative x~radiographs of Faciegzé silt/mud

couplets.
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>

Heavy mineral, clay mineral and chemical compositions -
of olive-grey, dark yellow-brown, brown and red-brown

mud, types. Clay mineral prdportions calculated from

area of peaks on X-ray diffraction.pattern multiplied

by an intensity. factor (see Carver, R.E, (1971)

Procedures in Sedimentary Petrology, @ley—lnterscience,
New York, p. 548-551).
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(in the < 2 u fraction) and are low in total iron. Red-brown and brown

muds are petrologically indistinguishable from each other, but compared

&

to olive grey muds, are relatively rich in opaque minerals with respect

to other Lieavy minerals. They contain less thin 10% montmorillonite apa =
haye high total iron contents., ark yellow-brown muds have heavy ff

mineral, clay mineral and chemicd} compositions intermediate between olive -

- < b

grey and red-brown/brown muds. Thk correlation of total iron with red

colouration suggests that the latter isynoﬁamerei§ a reﬁlecg}ou of oxi~

3

o

dation state, but of primaQ%)iion content. .

oo

' Usfﬂk.(1977) recognised similar compositional differences in mud ’ .
lithologies on the Laurentian Fan and adjacent'continental rgse.

Paft%cﬁlarly; he noticed anrelatively highfmontﬁﬁrillonite contené in
his olive-grey facies, and goliowing Biscaye (1964z,ﬂsqggeste& a northern - .
‘source for the mineral. Recent gafh on the cll& minefalogy of Nova

o ua A

.

Scotian tills (G. Camp, pers. comm.) include samples with up to 25%
montmgrillonifelin the < Z ufraction. The distribution of montmorillonite-

rich tills on tﬂé Nova Scotian mainland is scattered, but these data

" suggest that local sources of montmorillonite do exist. Older shelf - .

till deposits may also contain. relatively high-amounts of wontmorillonite

derived from Mesozoic or Cenozoic coastal plain strata,

T 3 X ) \\ "
Heavy mineral data shows a broad similarity between outer shelf

sediments and olive-grey slope sediments. The heavy mineral provinces '

* on the ghelf .are Eomplex (James, 1966) and the shelf mineralogy south-

© west éwaable Island Bank has not been studied in detail. Howevef,

Stow (1977) recognised heavy minerl provinces within the olive-grey

" o
Y
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sediment on the eastern slope, similar to those on the adjacent shelf.
In view of this evidence and the textural continuity of olive-grey o
surface muds with the surficial bank sands (see Chapter 3), it is likely ‘

9

that the olive~grey muds are in large part derived from the adjacent
L 8

outer banks. ) \ i

Olive-grey mud, however, is a rathér ubiquitous surface lithology

.

‘ :]
over the shelf area including insﬂk{e areas (Piper et al., in prep.)

and mid-shelf basins (Mudie, i980). Piper et al. estigate that

approximately 507 of mud-sized sediment is lost from the nearshore zone.

Mgch of this probably accumulagés in the mid-shelf basins but'the net

3 4 *

cross-shelf flux of suspended sediment is not known. However, it is

B

possible that a proportion of the total modern supply of - ' .

sedimént to the deeper slope is derived from inshore, shelf and on-land

v
[

SOU¥Ces.

: b
The brown and red-brown muds are similar to muds described by
& .

@

many workers in the eastern Canadian offshore region. Red muds are
R s
seen as far north as the Northeast Newfoundland Shelf (Dale, 1979), on

the Grand Banks Margin (Alam, 1979), on the Laurentian Fan and the

1 v

adjacent rise (Stow, 1977),(in the Gulf of St. Lawrence (Loring and !

- §

Nota, 1973), on the northeastern Scotian Slope (Silverberg, 1965; Stanley

et al., 1972), in Emerald Basin (Mudie, 1980; G. Fader, pers. comm.) and

in nearshore basins (Piper et al., in prep.). A similar lithology was :

reported by Heezen et al. (1966) and Schneider and Heezen (1966) on

N .
3

the continental rise as far south as the Bahaqps. The source of the °

<
13

& ¥
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"red" sediment south of the Grand Banks is generaily agreed to be the
!

-

- ]
Gulf of St. Lawrence where Triuassic and Carboniferous red-beds outcrop.
Detailed minefalogy and chemical analyses alsO/sﬂggest a partiaxr

. Canadian Shield source (Loring and Nota, 1973). .

u

- »
. oo

On Ehe Scotian Slope, the brown and red;brown'guds are broadly

similar to Gulf of .St. Lawrence red muds. High opaque mineral and total

o 7 Al *

iron contents are characteristic of muds in both areas. Needham et al.

- (1969) have suggested that the presence of rewdrked Carboniferous paly-

*

nomorphs can be used as a Gulf of St. Lawrence source indicator.

* Carboniferous palynémorphs are found in brown, red-brown and dark °
. -

X4

yellow-b¥own mu%g}of the Scoéian Slope, but rarely in olive~grey muds

2 ) .
{P.J. Mudie, pers. comm.). . .

0

X
However, the Carboniferous basins 6f northern mainland Nova Scotia

r t ¥

are also potential sources of red sediment. Much of the red till found

v

along the eastern and southern shore are 1érgelyoderiVed from these

® 3 N

sources (Nielsen, 1976). The Gulf of St. Lawrence and mainland Nova
Scotia sources of red mud are probably indistinguishable mineralogically

or chemigally, but the two are significant because substantially dif-

3

ferent transport routes, to the slope are"implied. .
Undoubtedly, large volumes of red sediment were carried out of

the Gulf through the Laurentian Channel to the outbr margin in the

Laurentian Fan area (Stow, iQ77; Alam, 1979). Transport along the

slope by the paleofLabrador‘Cﬁrrent could then have acted to supply

the more southerly parts of the slope, either in a surface plume as

)

Fl

+
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n suggested by Alam (1979) or in’ the bottom turbid layer.

T
A second route involves glacral transport of red sqdiment across
mainland Nova Scotia, fdéllowed by cross-shelf transport and supply to .
» the slope. The red coastal tills of Nova Scotia characteristically over-

lie greyer tills which contain dominantly locally-derived debris. The

grey tills were inﬁerpretgﬁ by Nielsen (1976) as lodgement till while the )

g

red tills were more likely the result of melt-out processes, The bulk

of the debris carried in the ice was derived from Carboniferous basins

°
g1

of Nova Scotia and the Gulf, ﬁheg transported across Nova Scotia before
n < ‘_ .

being deposited by melt out at the edge of the ice sheet. Kiqg (1969)
has recognised an end-moraine complex on the inner Scotian Shelf and -

‘recent work (L.H. King and G.B. Fader, pers. comm.) confirms his

-

that the moraines represent the edge of the

n «

original interpretation

N
late Wisconsinan ice sheet. Certain nearshore basins contain several

L%

metres of red. mud overlying glacial outwash or till deposits (Piper

-

et al,, in prep.) which éuggest high rates of sedimentation just seaward

of a retreating ice-front (D.J.W. Piper, pers. comm,)

G

«

r
Most of this sediment was probably’ supplied to the ocean in sur-

1

face water suspension.’ Mudie (1980) presents some data which”supports

surface~water transport of brown sediment across the shelf. Two

3

4 o - .
cores (mentioned im Chapter 4) were collected from Emerald Basin, one /
from the deepest part (Mudie's Core 20) and the other from the basin
margin (Mudie's Core 8). A major difference between the two cores is

that the marginal core contains brown mud below a grey surface layer,

whereas at the same stfétigraphic level (prior to 18,000 yrs. B.P.),

.

o

(8]

s
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the basinal core contains only grey mud. Marine paulyynomorph and

- v

foraminiferan assemblages indicate somewhat different paleo-oceanographic

conditions at the two sites during the same late deglacial perjod (Mudie
N b K \ .

1980). Basin margin fassemblageé indicate a relati‘.vely stressful bettom

o

environment with tukbid and relatively low salinity surface waters.

In contrast, the benthic asse}nblage c‘xﬁ\)h/e deep basin indicates that

& '
more normal marine water formed a deep bottom layer in the basin. 2

1

P

*  Although these ‘cores do mot penetrate below about 15,000' yrs. B.P.,

n

there is some evidence that a dow-salinity surfhce-water mass existed
over the shelf at that time, which transported brown coloured sediment ,
from nearshore areas. High concentrations of littoral diatom indicators

were also associated with this layer (Mudie, 1980) suggesting ‘that

reworking of nearshore sediments contributed some sediment, in addition

-

to direct melting at the ice front, ']

4
4

With evidence for surface water transport of brown sediment across

the shelf, it seems likely that a proportion would cross the shelf-

o

" break and be supplied to the slope. Lowered sea-level dnd emergence of

v

the outer banks means that supply may have been restricted to the
slope south of Sable Island Bank. However supply from the mouth of the
Laurentian Channel was probably substantial éAlam, 1979) and sufficient
to contx:ibute sediment to the slope for some distance gouth. The
Gully may also have acted as a local supply conduit to the slope.
Whichever route was most important, the sediment must have been trans-

a

ported a considerable distance (in the order of 250 km) from the ice-

a

f¥ont source before reaching the slope. This may explajn the relatively

a
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fine-grained nature of the mud compared to the more pfoximally derived

olive~grey mud (Fig. 5-2).. .
4 ; .

o ®

The dark yellow brown mud was probably derived from both outer
shelf anhj ice front/nearshore soufces as it shows an intermediate com-

position in all the characterising parameters (Fig. 3-8). In several

[y

’ coreé, the’ brown and olive—-gréy\, litﬁolégies are seen interbedded on a

fine seale. It is not cle:;r whether the sediment from thé two sources

Ay -
€

’ k]
are mixed during transport in suspension, ©r by ‘bioturbation after

depbs}tion. T .

3

. a -

a2

[

RATES OF SEDIMENT SUPPLY AND DEPOSITION

d
9 .

(a) .0live-grey sediment -~

y

The suxficial olive-grey mud unit has accumulated at an average
rate of 5 cm ky;—l (Fig.” 4~7), or by weight, 1l g cm-zky—l. Using’ a
slope area of 3 x 1()4 km2, the required supply of mud to the slope is

.approximately 3.3 x ]:015 g kyul. This value can be compared to rates

of gupply from coastal and outex bank sources.

-

Pi t al. (in prep.) estimate the loss gf clay from the coastal

zone of Nova Scotiqgfrom Lockeport to Peggy's Cove to be 109 g y_l

(which extrapolatesd t:c:»,‘ml2 g ky~l). The supgly from the whole coastal
zone would be 3 fp 4 times higher, say 4 x 1012 g ky_l. Much of this
load would be 103?_111 transport across the s‘helf anyway, but it can be
seen that the contribution of coastally derived sediment is probably not

. significant.
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Supply from the outer banks (an area ofu§ X 1Q4 kmz) can be
calculatedoby’assuming wihnowing of sediment containing 1% silt and
) clayﬁ' A cubic metre of -sediment eroded would th;s supply 2 x 104'g of
mid , so erosion of one metre over the whole Bank area would suﬂbly )
1.2 X 1015 g ;f mud. A; er6§ion rate of 1 m ky—l on the outer,bank;
we Would therefore approximately ‘meet the supply requirements for the
——glope. ”As*an“orderpofﬁqggnitude estimate, this calculation demonstrates
that supply from the outer shelf could account for all the slope mud
in the olive-grey surface‘unit. The 1% mud value used for the outer
banks is probably co;servative as several areas ofigge outer shelf
(eg. the Scotian Gulf) appear to have till (with wud content perhaps
as high as 50%) outcropping at the surf§ce and being actively erodeé
(submersible observation): An erosion rate of 1 m',hil is at least at a
reasonable order of magnitude, although no estimatés of Holocene\erbsion

»
rates have been published for the-outer banks. : -~

(b) Red-brown sediment .

7 v B
Estimates of dce-margin sediment supply are very poorly constrained.

Several factors control the sediment supply rate from ice sheets (Piper,

1976) ;

©

)
&H) th!/;zie of continental erosion, itself dependent on

relief, rock-type, climate, glacier temperature and the overland

extent of the ice sheet.

(ii) thermal structure of glaciers™and ice-shelves; whether °

wet or dry based. ‘

e m M hameezy AT %P~ o



(iii) the size of ice sh€lves which limits basal melting or

freezing as well as surface ablation or accumulation. . )
\ . A
(iv) ses and associated air temperatures at the ice margin
Sl X

<o
N 3

¢~

Direct metﬁbds of estimatlng Wisconsinan aﬁpply rates are dbg?ously

not avallable and re%,Onable analogies are not available in the modern.’

The melting of a temperate latitude ice margin during the Wisconsinan K

— = [

would be very different from that of the modern day polar ice’ sheets.

S
= ”
P

¥
Erom the average slope sedimentation rate of 10 cm ky 1 (Fig. &7

for the WisconSLnany the supply rate to the s;ope would be 6.6 x 1015 g

-

ky_l. If a Nova Scotian ice~sheet were to supply all of this sediment,'

-

the actual ice margin discharge would be expected to be at least .an -

o
3

order of magnitude higher, due to sediment deposited on the shelf and
beyond the slope. Thus a vaiue approaching 1016 g ky might be
expected. This rate is comparable é% the discharge of moderately darge

rivers such as the Eel of the western United States (Holeman, 1968).

[

The Eel has an upland drainage area of approximaﬁely 8000 km2 coﬁpared

to the Jower relief 40,000 km? of Nova Scotia. Thus, the supply value

. - * - 2 -

does not require inordinate rates of erosion. s

»

.~ It seems likely, therefore,.that a Nova Scotian ice-sheet could
supp%yla sufficient volume of sediment to account for the observed
rates~of deposition on the chtien Slope. However many factors are
involved in the erosion, transport and supply of sediment to the ice-

margin, even before marine transport procesges are involved. The

ealculations suggest that supply from other sources (eg, Laurentian

%

s B
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" Chamel) need not be involved to explain gediment supply to the slope,

but as has already been diseussed, some gsupply from other sources is to

"

be expected.. | , ’ . {
\ 2 an v«:”r
i

FACIES ASSOCIATIONS

v
In order to assess the significance of fine~gralned facies associ-

ations and to ‘aid interpretation of the individual facies, a Markov
sequence analysis has been applied to the slope core sequences. The
method is described in Appendix 1 with g;e various interme&iate matrices
generated during the analysis. The final difference matrix (Table 5-1)
highlights the st;tistically significant transitions between facies as
positive values. Those lower than 0.0gscannot be considered significant

(Cant and Walker, 1976)".

A

&

S+
;%; %,

S

Figure 5-9 shows the original, observed facies relationships in
the form pf a flow diagram and is compared to the preferred relation-
ships derived from the Matkov chain analysis. The latter suggests that
two facies associationg can be geparately idenéified, oné consisting of

Facies 2, 4 and 5 and the second of Facles 1 and 3.

- -

Facies 2, 4, 5: Turbidite Assoclation

»

The analysis shows the close association between silt/mud couplets
of Facies 5 apd muds of Facies 2 and 4 (Fig. 5-9). NThe dominant
>
sequence is a fining upward sequence from the gilt mud céuplets (Facies

Y
f C

[d
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Table 5~1. ‘Difference matrix, Markov sequendg anaiysis of fine-

. grained sediments. ’
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TABLE 5-1 °

&

DIFFERENCE MATRIX

1 2 3 4
1 “ ‘ ~-0.34 0.32 -0.11
2 -0.22 s0.01 0.20
3 0.31 -6.30
4 -0.42 0.43

5 0.31 -0.17 -0.13

te

e



Figure 5-9.
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Facies sequence analysis. Top: original observed

* facies transition (numbers in brackets indicate number
of observed transitiomsg); bottom: preferred facies
transitions from Markov amalysis.
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5), through parallel laminated mud (Facies 2) to homogeneous mud
(Facies!4). This is a generalisation and this complete sequence is

not always present. Three typical:sequences are recognised from

[

visuallexam;nation of cores (Fig. 5-10).
(Q) Multiple silt/mud. couplets. :
» (b) Complete sequences of silt/mud couQiifs, parallel laminated

myd anj homogeneous mud.- . \ Q ) j
u X y‘
(c) gerallel‘lgminated mud with slightly coarser basal silt

e

1aminaé and homogeneous mud.,
|

T%pe (a) sequences are not recognised in the Markov analysis be-

cause %nly gradual transitions were included. Type (c)néequences often
con51sa only of Facies 2 units, with the slightly coarser base alloW*

ing idqntlficatlon of indiv1dual units. Such distinctions can somé—

times'ge made only in X-radiographs.

-*
A

The geheral sequence recognised here is very similar to the,
standard sequence proposed by Piper (1978) for turblidite muds and silts
(Fié. 5-10). , The basal part of Facies 5 is equivalent to a Bouma D
division. Piper's model includes three,subdiziif?ns of the Bouma ﬁ
division: El laminated mud, E2 graded mud and E3 ungraded:mud.
Sgbdivisions El ;nd F2 arevequivalept to Facles 2 ofkﬁhis study and

E3 is equivalent to Facies 4y

»
Bl £ ey

In general, then, this association of facies is interpreted as
of turbidite origin. The diffevent types of structure represent

"proximal" to "distal" changes in turbidity current deposition. There

I

& G o eI - [r— Mok ettty i
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Figure 5-10.
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PIPER (1978)

Typical turbidite mud sequences obgerved in slope

Piper's (1978) model sequence for fine-
grained turbidite in right-hand column.

cores.
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are no distinct downslope trends in the distribytion of facies, so
the seq&enceﬂ pes'a;e more likely related to proximity to a turbidity-
current channel. They aré similar to turbidites interpreted as over-

bank or levee deposits (Walker and Mutti, 1973). A

o
L} o »

L} a -
v

Although the graded seqdences strongly favour a turbidite origin

for these facies, many individual units cannot be unequiyocally inter-

. - £

preted as such., "Muddy contourites" as described hy Sfow and Lovell
(1979) and Piper (1978) have very similar characteristics and it is

possible that some thin sequences of Facies 2 and 4 may be. deposited
> > <
from ordinary bottom currents. Present day current velocitiés (Chapter

<

3) are certainiy sufficient to tranéport the fine sediment and dy-

3 @ °

namically sort the silt and mud laminae byreither Stow gqi Bowen (1§80)
»

or Hesse and Chough (1980) mechanisms. Sediment supply was sufficiently

high during the Wisconsinan and textural trends do not run demonstrably
downslope. Definitive criteria are still not available for distinguish-

-

' ing muddy turbldites and contourites. .
- .
The sequence analysis suggests that the wispy-laminated mud
~(Facies 3) might makeﬂup a fourth member of the association (Fig.
5-9). This facies showS a strong Markov dependence on the massive mud
(Facies 4) and an insignificant dependence on the 1amiﬂated mud (Faciles
2). Stow (1977) ;n a detailed analysis of muddy turbidites, suggests ¥
that a wispy~laminated division can occur betw;en divisions E1 and EZ of

&)

fiper (1978). '

There\pave been very few studies concerning the dynamics of fine

sediment movement and the resultant bedforma. One study of interest to

o ta et ittt Gaetienn e v e RISt My e b

pr
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this probIém (Banerjee, 1977) includes data on relative current speeds
(absolute values were considered only rough approximations by Banerjee) oo

and rates of deceleration. In this flume experiment, Banerjee (1977) 7
1
generated two ripple forms. , At moderate to slog decelerations of the

o

flow, asymmetrical,'climbing ripples.formed, resulting in ripple cross-

lamination wifh preservation of steep foreset laminae. At lower speeds —

" during very slow decelerations, lower amplitude sinusoidal ripples or

"silt-waves" of fimer (clayey-silt) were generated. Jopling and Walker

(1968) observed amd classified examples of ripple-drift cross-lamination

o

in ‘coarser sadimgntsl They interpreted a transition from sinusoidal

to climbing ripple lamination as the result of a decrease in the rates -

0
'

of suspended to traction load.

0

- /

It is difficult to ¢lassify the wispy laminae of Facies 3 from S

narrow core samples, yinto any.specific categorf.‘ However, there are

indicatiéns of ripple-drift in the form of upbuilding of the rip&le forms e

by consecutive laminae (Fig. 5-11). The structures are very likely the

result of relatively high sediment supply (from suspension) in a

atively slowly decelerating current.

¥

In Banerjee's (1977) experiments, even g}oﬁer flow speeds rasg&ted
in.deposition of a‘structhreless’mud blanket. The homogeneous mud
facies represents this low-flow sééed condition. S8tow (1977) and Pipér
(1978) also have structureless mud as their uppermost turbidite division.

Thus the sequence of homogeneous mud to wispy-laminated mud indicated

" by the Markov analysis represents an increase in flow ¢onditioms. In

view of this fact, the thicknessg of wispy-laminated units and the

Y T et e, SEIRE A Aot it bl B Bt uaian
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intefhependence of‘Facies 1 and 3, it is thought that most occurrences

of Facies 3 in” the slope cores are not part of turbidite sequences.

-Facies 1 and 3: Hemipelagic Association

L '

The transition analysis indicates a close relationship between
the mott;qd muds of Facies 1 and the wispy laminated muds of Facies 3.

Transitiogs from one facies to the other are common in both directionms.

LY
There are genera}ly no textural changes across these transitions; the

k1

= [N

main éhange is in the preservation of sedimentary structures, Facies 1

muds are clearly bioturbated to the extent that all primary structures
. i \

have been destroyed, whereas patches of u!‘turbed sediment usually

reveal the characteristic wispy lamination of Facies 3 (Fig. 5-3).

Bioturbated muds on continental slopes are generally interpreted
to result from hemipelagic sedimentation (Soyle and Pilkey, 1979) as
fhey reﬁlect relatively low rates of sedimeﬁtation and contain m;ch
pianktonic biogenic sedgment. Theé close two—wgy agsociation of these
bioturbated mudg\yith wispy laminated muds'suggest that their respective

depositional processes are also related. The preservation.of sedimen~

tary structure isethe only discerqible difference between the two facies,
éuggesting that the rate of depositioﬁ may be the only differénce in
process./ The indications of ripple-drift in the Wispy—laminatgd facies
supﬁorts the idea of a high sedimentation rate. Thick units of:;ispy—
laminated muds are restrict?d to Unit 1, when éenerally higher sedi-
Jmentation rates are observed (Fig. 4-7) and predicted from sediment

supply estimates (this chapter).

<

gy
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Differences in textural trends between olive~grey and brown

muds (Hill, 1979) suggest some change in fine-sediment dispersal between

QUnit 1 dand Unit 2 times. Olive-grey sediments show a well-defined

downslope fining trend from sandy silt at 500 ni depth to silty clay
below 1000 metres. Dispersal of fine sediment into é%ep water is not

well understood. Pierce (1976) summarised the various mechanisms that
e b i [}

have been ;fbposed (Fig. 5-12).

Apart from Moore's (1969) density-flow model, which is largelz
discredited by Pierce (1976), all the models use some comgination of
lateral transport in a mid-depth or bottom»gurbid layer and settling.
into the bgttom turbid layer (or nepheloid i;yer). Variations in «
oceanographic conditions dictate that a sedimentation model of this
type should be locally specific. On the Scotian Slope, mid-water
turbid-layers are not likely to be present below 100 metrg;, as the
density interfaces are not'av;ilable.This situation would‘not have

been radically different in the late Wisconsinan, at least above 1000 m.

Thus lateral transport across the Scotian shelfbreak must be in either

«

3

surface of pear bottom turbid layers. .

v

Surficial’olive-grey muds have been interpreted in detail in‘
Chapter 3. Sediment is SQSpended at the shelf-edge, transported mainly
in the bottom boundary iayer and deposited at a distance from the shelf
edge which is determined by the settling rate and ;qiti;l concentration
of the particle size and by the dynamic conditions at the deposiéional
site, Transport in &he'bottom boundary layer is likely as the imitial

suspengion occurs ’at the bottom and distinct high-turbidity zones (at

.
o
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Figure 5~12. Mechanisms of fine sedimgnt trangport across the
shelfbreak and slope (¥rom Pierce, 1976).
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density interfaces? are probably absent. The possible role of slope

.
*

channels in this process ig discugsed ig Chapter 7.

«

Red-brown and brown muds of Faclies 1 and 3 are finer-grained

a

and do not show a digtinct downslope fining. These muds were™intro-

<%

du?59 to the slope from more distal sources on, the innexr-shelf or

3 e
along' slope. Because nmuch of the sediment transported in the bottom

layer woyld have been trapped in mid-shelf basins (or in the Laurentian

1 4

Channel), larger volumes of suspended sediment were probably trans-—

ported to the slope in the surfacé %urbid layer:

wf "
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CHAPTER .6

ARENACEQUS AND RUDACEOUS FACIES

“
Although coarser-grained sediments make up only 30Z of the
recovered core, it i1s quite likely t%xat they are under~represented by

. trpe samp.li;lg. éeveral cores (see Figﬂr -3, ;lextvapter), bottom

’ iip sand or stiff g;faw}elly, sandy m:id which probably pr;venj;ed further
p'&anetrgtion. Several core barrels were bent during coring operations
in‘dicating hard I;ottoms, either of eroded,' indurated muq or of gand,
and cn{the. upper slope, above 500 metres water depth,- coring was im-

« possible. The main charaFteristics of. each facies are s@d in

Figure 6-1. Surficial sandy facies are not describeduﬁere 'as no in-

formation on bedding or primary structures is avajlable.

o

FACLES 6: Thick-bedded medium sand. -

-

. 4

-

The dominant characterist':ic of this facie“s‘is that it occurs in

thick beds which are apparently massive (Fig. 6-2). Textural analyses,

however, indicate that there ls significant variation in gi:ain-size
through the #1hick beds (Fig. 6-3). This suggests normal grading and

that the thick beds may be composites of more than one sedimentation

unit. Most of the sands are well-sorted (Fig. ©-3) and have an olive-

grlay colour similar to surficial sands. The exception to this latter
characteristic is -the bed at the base of core ‘2, which is distinctly

browner, Thisyd is overlain by brown mud, indicating a low strati-

—
N
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Important characteristics of the arenaceous and
rudaceous facies (6-10). ILeft column gives symbol }
for each facies used on core diagrams (Fig.. 7-4 to
7"'8) .
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7.

9.

10.

DESCRIPTION

Thick-bedded, well-sorted
medium sand with sharp bases,
Beds may be amalgamated.

Thin-bedded, well-sorted
medium to fine sand with sharp
bases and sharp or gradational
tops.

Medium-bedded, muddy, fine sand.
Massive, graded,laminated, bio-
turbated or convoluted.

Massive, gravelly sandy mud
with sharp tops and bases.

Deformed beds, mainly muddy,
but often with discrete sandy
patches,

INTERPRETATION

Channel~fi1l turbidite.
Bouma A divisions,

Turbidite, 7?head-overspill.
Bouma A and B divisions.

Turbidite, ?small local flows.

Bouma C and D divisions,

.

Debris flow deposit.

-’

Slump deposit,

[
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Occurrence of Facleg 6 thick bedded, sand units in
three piston cores} cores 2 and 62 from the upper
slope, core 50 from the main chdnnel.
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Figure 6~3. Grain size variation through Facies 6 thick sand bed,
Note size scale fines to the left.
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graphic position within Unit 1. The thick sand beds in cores 50

)

and 62 which are directly overlain by Unit 2 muds are probably younger.

FACIES 7: Thin-bedded sand

3 a

. This facies comsists of thin (2 to 20 cm thick) beds of well-sorted
sand with sharp bases and tops. Grain-size rvanges from fine to medium
sand (Fig.o6-4 ) with mud making up less than 107 of the sediment. Most
beds do not show éignificant size~grading except in two instances in

core 54. Sedimentary structures are generally absent, but some beds

&

show distinct parallel laminations (Fig. 6-,). Size analyses through
these laminated units suggest that the modal size varies by 0.5 ¢

at the most between lamimae (Fig. 6-4).

)

The sands are ékclusively olive-grey and closely resemble shelf and

upper~slope sands of the same size. The heavy mineral composition of

a single sample from this facies is compatible with a local shelf source.
\ .

~

FACIES 8: Thin~ to medium-bedded muddyisand

-

o

A rather variable range of beds comprise this fgcies whose domi-
nant characteristic is the poorly-~sorted sandy lithology. Facies 8
has a broad sandy mode and may contain up to 530% silt and clay (Fig.
6~6). Bed thicknesses are geperally in the 15-20 cm range and bed
boundaries may be sharp or gradational with indications of bioturbation
(Fig. 6~7). Internally, the beds may be massive, graded, crudely

laminated or disrupted (Fig. 6-7) and in some cases it appears that the
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Representative x~radiographs of Facies 7 well—
sorted, thin sand beds.
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Figure 6-6. “Represeptative grain-size distributions of Facies 8
nuddy sand.
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Figure 6-~7. Representative x-radiographs of Facies 8 muddy sand
beds. - -

(a) Graded bed
{b) Homogeneous bed
(c) Laminated bed "3
(d) Bioturbated bed

r (e) Deformed bed.

Tops and bottoms of beds indicated by ticks.
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beds may be amalgamations of thinmer d'epositional tunits, which

closely resemble the finer sandy silt coirlets of Pacies 5.
o
Several examples of the facies are shown in Fig. 6~7 to illustrate
fie range of structures. One bed (Fig. 6-7a) éI;;rly grade from a
relatively well-gorted, coarse sand with a sharp (g scoured) base into
mud. In the same core, overlying this unit is a thick, muddy sand which
has a sharp base and top but appears to be completely homogeneous (Fig.
6-7b). The broad "laminations" shown by the bed in Fig; 6-7c may
represent a set of amalgamated and partly bioturbated beds or an internal
primary structure. Bioturbation has reworked the sagd'%ed in Figure 6- d
so that its boundaries are totally gradational. Thé bed shown in Figure
6~7e .includes mud clasts which, are enclosed in thehsandy matrix. The mud

“

clasts are generally rounded and show signs of internal deformation,

¢ a

whereas the matrix appears-granular. In the centre of the bed, tilted
1amination€"of mud and sand suggest that the whole bed is deformed.

A similar lithology occurs not far below in the core, separated by a
sortéd sand gimilar to Facies 7. One camnot be sure that the described

bed is not part of a larger deformed bed.

@
1

FACIES 9: Massive, gravelly, sanﬁzrmuds

The very distinctive gravelly sandy mud lithology occurs in beds

from less than twenty centimetres to several metres thick. The beds

’

"generally lack any sedimentary structures and have a massive appear—

ance in x-radiography (Fig. 6-8). 1TIwo cores contain graveilly sandy ‘

mud units with finer, muddy intervals within them. It is not clear

&
rew

\
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whether these units were formed by a single or separate depositional
events. Facies 9 has a multimodal size distribution (Fig. 6-9),  but on
a probability plot, the distribution appears to be a single population,

with no sorting of particular size intervals. An ihsixtant character—

istic of the facies is its relatively indurated nature and its apparently

low pore—water content.

FACIES 10: Deformed Beds

-

] 4
Units with signs of internal deformations are assigned to Facies

10. Several structures are characteristic of deformation, namely in-
clined and contorted bedding, isoclinal folds and eyelet, structures,
rounded sand patches’;n&’sharp colour boundaries between muddy sections
(Fig. 6-10). Deformed beds vary in thickness from a few centimetres
to several metres and wﬂere they are bounded by mud, their bedding

surfaces may pot be well-defined. Dominantly fine-grained deformed

beds can often only be recognised in x-radiograph.

INTERPRETATION OF COARSE~GRAINED FACIES

(a) TUWIDIT'E DEPOSITS .-

Ciassical turbidites are characterised by sharp beées, normal
grading'(fining~upward) and the model sequence of structures distilled
b? Bouma (1962). On the Scotian Slope,.there are very few beds with
such classical characteristics. Nevertheless, there are a number of
reasbns for interpreting the sediments of Facles 6, 7 and 8 as

turbidites. \
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Fipure 6~9, Grain size distribution
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Figure 6~10. Sketches of deformed structures from visual
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¢

inspection and X-radiographs of Facies 10 slumped

beds.
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The thick-bedded sands of Facies 6 were recovered from water—
depths exceeding 500 metres. The modal sizes, ranging from 2.5 to 3.0 ¢
are clearly out of equilibrium with present—day current velocities at
this depth (Chapter 3). There is no reason to believe that stronger
geostrophic currents flowe§‘on the slope during the last 50,000 years.
If anything, the finer-grained texture of Wisconsinan muds suggests that
local dynamic conditions were generaliy less energetic at tﬁat time

k)

than at present.

)
»

Bottom conditions at the shelf-break could have been more vigorous
at a time of lowered sea-level as a result of storm-wave impingement.
Stor;—induced bottom currents may have resulted in greater spillover
(Stanley et al., 1972) in the Scotian Gulf area. However spillover
‘deposits wo&ld still be controlled by the l?cal bottom current regime

and would produce a more sheet~like deposit.

A strong argument in favour of ; tuFbidite origin for the thick-
bedded sands is the association with channels (see Fig. 7-2). Core 50
is located on the margin of the main channel and core 62 in a well-
developed channel between two large slide blocks. This str;ngly sug-
gests that the sand was transported through the ¢hannels. Core 2

is not well-located, but was recovered from below the steep upper-slope

escarpment in an area of rough topography.

The facies is similar to the massive sandstome facies of Walker
(1979) , characterised by thick beds, which may amalgamate to form

'multiple beds and poorly~developed grading. In Walker's deep~sea fan
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model, this facies is placed in the channels of suprafan lobes.
Upper fan channels are more characteristically conglomeratic. The
lack of gravel in these cores may be partly a sampling prcblem. The
?cotian Gulf shelf and slope certainly provide a gravel-rich source.

On the other hand, the cores are located at the channel margins rather

a

than in the channel axes. The fact tﬁat the sand is well-sorted does

reéuire that~ considerable sorting of sediment occurs in the early

stage of turhidity-current f£low. - :

kl

o &

Facies 7 and 8 are more problematical as they cannot be directly

related to the phannel. Their size distributions suggest that they

2

were each deﬂbsited under rather different dynamic conditions.
‘In core 54, Facies 7 sand underlies Facies 8 sand at two horizons,

to- form single graded beds . In core 57, the thin

‘basal unit of a Facies 8 sand is relatively well-sorted and coarse-
grained (Fig. 6-7a). These exampleg strongly suggest the turbidite

origin of the two sandy facies, but for the most part, the two facies

a

are not directly associated. They are therefore considered separately

1

and in more detail.

5

. %
Facies 7 is well-gorted and was deposited from strong currents

maintained over the period of deposition, which did not allow fines

\ 4
to settle out. - The inevitable turbidite or contourite question must

>

be asked. -Stow and Lovell (1979) have summarised the criteria used
to distinguish thin-bedded turbidites and contourites by many authors.

They point out that almost all the textural and lithological criteria

%

»
w
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are ambigous. For example, contourites are in general better-sorted
than turbidites, yet well-sorted tuibidites have been described by
many authors {(eg. Piper and Brisco, 1975). Ewen paleocurrent deter—
minations can be eonfusing because overbank “turbidites would give
similar current directions to contourites. On the slope with such com
plex topography,” paleocurrent directions from turbidites would be

very complex. ,

' Two other arguments can be made to support a turbidity current

-

origin for Facies 7. .

s a !

(i) Facles 7 sands show very similar textural characteristics to
the thicker-bedded sands of Facies 6. The modal size of 2.0 to 3.0 ¢
(Fig. 6-5) is similarly out of equilibrium with reasonable current

regimes for both the present day and the late Wisconsinan.

, (ii) Bed thicknesses are variable and are as great as 25 cm. Most
contourites from dominantly muddy environments are thin (Stow and

Lovell, 1979) and represent winnowing of finer sediments.

IS

It seéms likely that the sand of Facies 7 was introduced by
turbidity currents. Later reworking by bottom currents is of course
possible, but nouother_facies (eg. Facies 9) have undergone this
process, and it is more reasonable to conclude that the facies is a

primary turbidite deposit.

The muddy texture of Facies 8 sands almost excludes them from
the possgibility of being contourites., The magsive and graded beds

together with the textural similarity to the graded silts of Facies 5,

4
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str?ngly sug;est that most Facies 8 b?ﬁs‘are turbidites. Some

have been biotur@ated, a feature not usuallx associated withdﬁgr—
bidites., However, some clear examples of bioturbated: turbidites have
been documented (eg. fiper and Marshall, 1969) so that it is not an

[}

objection to the turbidite interpretatiom. \

The internal deformation shown by some beds (Fig. 6-7e) may be
syndeposit%qnal (convolute bedding) or post~depositional (slqpped). .
Reineck and Singh (1975) note. that convolute bedding i; most often ob-
served in a fine san@ or silty sand sediment., Many flysch sequences
show abundant examples of it (eg. the Meguma rocks of Nova Scotia)
(Harris and Schenk, 1975). In the case of the bed shown in Figure 6-7e,
syndepositional convolution-is propably the correct interpretation. The

[

deformation is only seen in the central part of the bed between appar-

" ently undeformed sediment. .

- In conclusioﬁ, Facies 6, 7 and 8 are all interpreted as turbidite

-

_deposits. In the nomenclature of Bouma (1952) and Walker (1979),

Facies 6 consists of A.A.A. sequences, Facies 7 of A,B and AB sequences
L&
and Facies 7 of ?C,D and DE sequences. In addition, fine-grained Facies

5 couplets consist of DE sequences. Only rarely are Facies 7 and 8
conbined to give more complete Bouma sequences.

-

(b) DEBRIS FLOW DEPOSITS

Facies 9 has the poerly sorted gravelly sandy mud texture which

is characteristic of sgbaeriql and submarine debris flows (Johnson,

“w

Pl

an
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1970; .Hampton, 1979; Crowell, 1957). However in northern latitudes,
similar lithologies can be produced at the baée of a groux{ded ice= '
sheet (me;rine tills), or offshc)r\e, by the combination of normal marine
‘ sedimentation and deposition from floating ice an‘d icebergs (paratills;
Harland et al. ,‘ 1966;.Kurt; and Anderson, 1979). °‘Marine tills can be
discounted in the deep-water slope enviromment, but it is necessary to
determine whether the gravelly sandy muds of Facles 9 are debris flow
deposits or parétills. Several criteria have been established as being
useful for this purpose (Table 6-1).

Facies 9 beds are massive, have sharp boundﬁaries (Fig. 6-8) and
"gingle-population" grain-size distributions (Fig. 6-9 ) with few in-
dications of current-sorting. The largest pebbles are generally
oriented with their long axes subhorizontal (Fig. 6-11). The faci;:s
contains significantly fewer foraminifera per unit weight than the sur-
rounding muds and almost completely lacks planktonic dpecies or juvenile
benthic tests (M.A. Williamson, pers. comm,). In addition, the facies

o

is characteristically indurated, suggesting early (? syndepositional) )
expulsion of interstitial water. Facies 9 can thus be confidently
interpreted as a debris flow deposit. Dispersed ice rafted debris is

common within some mud seqque'nces and is easily distinguishable as such.

The sandy Jaminae observed within two beds (see Fig. 7-4, Cores 73
and 75) are of interegt. Subaerial debris-flows have been observed to
flow in a series of surges (Johnson, 1970; Pierson, 1980). Between

viscous, laminae flows, turbulent slurry flows may occur along the same



227

\ 4

Criteria for distinguishing paratills and debris

. flows (modified after Kurty and Anderson, 1979;

and Aksu, 198Q).
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TABLE 6~1

CRITERION DEBRIS FLOWS PARATILILS
1. Contacts Sharp Gradafional :
3 -
2. Faunal content Rare, or if present, Normal in situ assem-
displaced fauna. blage.
3. Fabric Imbricated-or sub- Randomly to horizontally
horizZontally ori~ oriented clasts.
ented clasts.
4. Texture Single population. Multiple populations.

o



Figure 6-11.

IS}

Orientation of elongate clasts > -1 ¢ in vertical
section of thin gravelly sandy mud beds from cores

55 and 63.
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channel with velocities as high as 5 m 5L, These flows are capable
of sorting and leaving lag deposits (Pierson, 1980). A similar
mechanism could be envisaged to explain the sorted laminae within
single debris-flow beds on the Scotian Slope. However, the submarine
environment provides somewhat different controls on these processes.
For example, shear at the upper surface of such a flow would Be much
higher, tending to suspend the glurry. Also the generation of sub~
marine debris.flows is poorly understood; the likelihood of turbulent

surges of this type camnot be well estimated.

(c) SLUMP DEPOSITS

The deformed beds of Facies 10 are probably produced by relatively
small~gcale slumping. Damuth and Embley (1981) have illustrated similar
deposits in deep~sea cores and there are numerous examples in the ancient
record (Cook, 1979, Enos, 1969; Stanley and Unrug, 1972).“\I£ is inter—
esting that many of the deformed beds contain 1éns%s of c¢lean sand which
has not been mixed during the slumping. This indicates that either the
transport distance of the slump was wvery small, or that the sand has a
brittle resistance to shearing processes within the slump. Well-packed,
‘wet sand enclosed in a muddy slump-mass and sheared, would exhibit
’dilatancy when repacking of the grains occurs. As the pore volume
increases, the inter—~granular forces also increage and the sand ?ehawes

in a more brittle fashion. Thus discrete patches of sand as seen in

Figure 6-10 can be maintained.

A e dsdd on U
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CHAPTER 7

9

DISTRIBUTION ' OF FACIES IN THE SCOTIAN GULF AREA

2

The Holocene (Unit 2) sequence on the Scotian Slope is very uni-
form, even in areas of complex mesgotopography. This chapter concen-
trates on the pre—Hglocene (Unit 1) sequence in which a great variety of
facies is found. Correlation of individual beds in Unit 1, between even
the most c¢losely~spaced coreg in the study area, is impogssible and the
facies distribution initially seems random. Detailed study, attempting
to relate individual core sequences to their morphological situation

suggests that some patterns are present.

?
»

FigurePY-l shows the location of piston-cores with respect to
the major morphological features and figures 7-3 to 7-8 illustrate
core logs ﬁFom the Scotian Gulf area. Seismig profiles or 12 KHz
echo~sounder records are provided to locate each core as closely asg

possible to the local mesgotopgraphy. Few cores are longer than 5 metres,

so it should be emphasised that they cannot be related to sub-bottom

features illustrated in the seismic profiles.

L J

The accuracy of -core locamgons on the profiles is controlled by
several factors. The ship and core positions, for the most partrwere
determined using Loran C and Satnav and are believed accurate to
100 m, but prior to 1980, Loran C was umavallable’ and much less
. accurate Decca navigation was used. The deep-tow profiles required

adjustment for the fish position, which was a significant  distance Pehind



Figure 7-1.
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Location of piston cores in the Scotian Gulf area
with respect to major morphological features.

~
»
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the ship. The actual fish position is not exactly known, but can be
egstimated and. the potential error is hot greater than 300 metres. Where
coincident echo-sounder profgles were taken, the tow-fish position amnd
morphological features on the profile can be located without this error.
Finally, some cores were not always taken exactly on the profile lines,
and becauge of the comﬁiex morphoiogx, they cannot be clearly related

to morphological Features on the profiles.

o

On each diagram, an indication of the confidence with which a core

is located on a profile is given., TFigure 7-2 provides a key to the

°
)

symbols used.

UPPER SLOPE AND CHANNEL ASSOCIATION

Cores from the upper slope, high relief area (2, 62, Fig. 7-1) and
from the main ékannel margin (;0, Figi 7-1) contain a similar associ~ .
ation of thick sa;d beds and intervening thick mud units (Fig. 7-3).
The mud facies between thick sand beds is variable. In cores 2 and 50
laminated mud and graded silt beds are found, while in core 62, the

i

mud is mainly bioturbated.

The three cores are mnot gccurately located with respect to meso-
topography. However, core 62 appears to be located between major slump-
blocks, both on the GLORIA profiles (Fig. 7-1) and the seismic profiles
(Fi%. 7-1). Core 2 is apparently located very close to the main escarp-
ment (Fig. 7-1), its water-depth of 500 metres suggesting a position just
at the bage, within the area of hummocky relief, rather than its
apparent pésition at the top of the e;catpment. g?re 50 is located

LN

within the main channel, probably just on the channel margih.
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Figure 7-2. Key to Figures 7-3 to 7-8, indicating reliability of
survey navigation and core positioning:

(a)
(b)
(c)

(@

LY

Solid arrows in contact with bottom trace:.-
accurately located ecore and profile, with
core positioned very cloge to the profile
lipe. “ :
Solid arrows not in contact with bottom
trace: accurately located core and profile,
but position of core is a significant dis-
tance from the actual profile line.

Dotted arrows in contact with bottom trace:
inaccurately located core and/or profile,
position.‘pf core apparently close to profile
line. )
Dotted arrow mot in contact with bottom
trace: inmaccurately located core and/or
profile, position of core apparently distant
from actual profile line,
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# {nciudes undifferentiated mud.
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[\

Figure 7-3. Facles sequences and locations of cores from the
upper slope and main channel. G = gravity trip
core., Key in Figure 7-2.
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MID-SLOPE FACIES ASSOCIATIONS .

Mid~slope core sequences are characterised by the association of,
Facies 5 gra&ed silt beds, with thin sand beds of Facies 7 and 8
(Figs. 7-4 to-7-7y. Facies 1 to 4 muds are all present in places, mak-
ing up anything from 20% to 90% of individual éequencés. Thin units of
Facies 9 and 10 are also present in the sequences, agd three cores

%
bottom out in the gravelly, sandy mud of Facies 9.

Figure 7-4 shows a detailed suite of cores clustered Qround profile
N-N'. Both the seismic line and the cores are accurately positioned .
and éhe cores have an average spacing of between 0.5 and 1.0 km. Three
cores are located almost exactly é? the seismic line and coincident
12 XHz profile; core 56 is :located in the deepest part of a.broad de-
pression, while cores 74 and 75 were taken on two adjacent low

¥

Jdummocks (Fig. 7-4b). The three cores show distinctly different facies

compositions.

-

3
‘

Figure 7-4(d) also shows the position of coré 56 on;a downslope
profile. Albhough the core is neot accu;ately located o& this profile,
the nature of the dep;ession can be more clearly’seen. It is located :
just upslope from a well-defined slide sheet and e;.ther represents the
zone of detachment for that slide or lies between the slide sheet and

LY

smaller slump/slide-related hummocks hpalope of it.

-

“Core 56 from the depression contains only thin muddy intervals,
but is dominated by three bundles of Facies 5 graded silt to myd couplets
(and triplets). Two slumped units (Facies 10) and a single thin bed

of Facies 7 sand are also present. The bottom of the core penetrates

~

=
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Figure 7-4. Facies sequences and locations of cores from the mid-
slope area, along seismic profile N-N'. (a) Core
' logs, (b) line drawing of part of seismic profile
N-N', (e) and (d) 12 KHz echo sounder profiles.
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a thick unit of Facies 8 muddy sand.

Cores 74 and 75 from the hummocks contain a higher proportion of
mud than core 56 (Fig. 7-4a). Isolated units of Facies 7 and 8 sands,
Facies 5 silts, slumped beds (Facies 10) and/or gravelly sandy mud
beds (Facies 9) are also present in these cores,but occur between thick

AN
mud intervals.

. Cores 57 and 73 lie very tlose to 12 KHz profiles (Fig. 7-é4c and d).
The former is located on the low-relief, broadly hummocky area adjacent
to the main channel (ﬁE%_ 7-4¢) and contains a th;ck mud sequence domi-~
nated in the lower part of the core by Facies 7 laminated mud. Three -
thin, distinctly graaed units of Facies 8 sand and<Facies 5 gilt.;o ﬁ;d
couplets and a ghicker ungrad;d bed of Fac;es 8 form a bundle of beds
in the middle of the core. Core 73 is located in thelhummocky area
just upslope of core 56 (Fig. 7-4d). Altha&gh dominantly muddy, it con~
tains three thin beds of Facies 9 and a single bed of Facies 10. The

core is unique in the respect of containing several beds of Facies 9,

which is otherwise found in isolation within single core-sequences.

Cores 52 and 60‘(3;3. 7-5) are located a short distance downslope
of the suite of cores just described. They show very similar types of
disorganised sequence. Two relatively thick slump beds are prominent
in core 60 which is located on a low relief hummocky area (Fig. 7-5b). .
Core 52 is located close to a between—slump depression (Fig. 7-5¢) and
contains a relatively large proportion of coarse beds. Particularly
abundant are graded sequences of Facles 2 and 5, but perhaps more

i

signiflicantly, the core contains three well-sorted sand beds of Facles

-
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Figure 7-5. Facies sequences and locations of cores 52, 35 and
60 from south of profile N~N'. (a) core logs, |,
’ (b) and (c) 12 KHz echossounder profiles, (d) part
° of seismic profile M-M'.
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7 and a single bed of Facies 8 muddy sand. It is interesting that
Facies 8 occurs only in cores from the deeper depressions (52, 56)

and close to the main channel (58).

Three cores from east of the main channel are shown in Figure 7-6.
Two of these contain single thin beds of Facies 7. The relief in this
area is quite pronounced and the cores are not located close to seismic

profiles so little can be said concerning the facies distribution in
*

the three cores,

DEGRADED CHANNEL-MARGIN OR LOBE FACLES ASSOCIATION

>

The depositional lobe (fig. 7-1) was probably largely constructed
by rapid deposition of thick sand ;nits, in.a faghion simila¥ to
deposition on suprafans (Normark and Piper, 1972), However, at present,
the main channel is thought to completely cross the lobe. For this
reagon, sediments recovered from the lobe area (Fig. 7-7) are not
repregentative of the main lobe-building phase; rather they represent

deposition in an environment close to a degraded and probably

unequilibrated channel.

Cores 79 and 61 are located on the outer fringes of the lobe (Fig.
7~1), 79 in a broad erosive depression (Fig. 7-7c) and 61 on a large
hummock close by. They show strikingly differen; facies contents.

Core 79 contains abundant Facies 5 silt/mud couplets with a thicker
graded unit (Facies 8) and a thin Facies 7 sand bed near the base,

Core 61, however, is almost 100% mud with(a single coarser (Facies 5)
lamina ﬁear the base. This demonstrates a similar relationship between

facies and morhpology as in mid-slope cores.
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1

Figure 7-6. Facles sequences of cores 63, 77 and 78 from east of
the main chamnel. The cores, cannot be related to any

.
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4

Facies sequences and locations of core 61, 79 and 80
from the depositional lobe area (3) core logs, (b) part

of seismic profile 0-0', (c¢) part of seismic profile
M"‘M' . *
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'

Core 80 (Fig. 7-7a) is gituated very cloge to the degraded
‘main channel (Fig. 7~fb) and contains a high proportioﬂ.of coarse
grained beds. Proﬁinent among these are three well-gorted sand beds
and ; very coarse sand/gravel bed. Also within the sequence is a’
bundle of Facies 5 units and a single gravelly, sandy mud unit. This
. ncore clearly demonstrates that rapid sedimentation of coarsi ~grained
sediments is associated with the channel in the area of the depositional

. lobe,

-

CONSTRUCTIONAL SLOPE ASSOCIATIO&

Core sequences in the vicinity of the area of smooth topogréphy,
in the west of the Scotian Gulf area (Fig. 7-1) are predominantly made
yp of bioturbated mud (Fig; 7-8). All three cores (59, 81, 82) are
located close to the constructional chammel and contain muddy sands of

' facies 8 and/or graded silt to mud couplets of Facies 5.

Cores 81 and 82 show broadly similar sequences of alternating

®

olive-grey. red-brown and brown muds. The brown muds in.the shallower

core (82) are sandier and occasional sand and coarse gilt.laminae are

.

preserveda Cora 59 from the channel margin does not show the same

. v s
alternation but contains, a greater proportion ;f sandy beds or laminae

«

‘and bottoms in stiff gravelly sahdy mud of Facies 9. ‘

\

78

SUMMARY AND INTERPRETATIONS

[:}
Figure 7-9 summarises the morphology—felated distribution of

facies in the %Fotian Gulf area.
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0

Facies sequences and locations of cores from the con-
structional slope area. (a) core logs, (b) part of
seismic profile I~L', {(c) part of seismic profile
N-N', (d) part of seismic profile M-M', (e) part of
seismic profile J-J'.

as



253

{e}

14

ws

44

~500 m

3



. ' 254

Facies 6
Chonnel Fill

CONSTRUCTIONAL SL

DEPOSITIONAL LOBE

B vavetmo g

o —————

e FW"‘ o N

Buoturboted mad )
MID_SLOPE
. 0] ® 8
2R e
ummocks- @
@ H Focies 2,10, ®
I M T
Morai
@ ﬂ“"ma“ 5,8,9,10.
Deprassions- .
@ Fecies 5,7, 8¢

o

Figure 7-9. Summary of morphological regiofs and their charac-
. teristic facies asgsociation, Scotian Gulf area.
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On the upper slope, the association of thick sands and various
muds are characteristic of the vélleys between large slump or slide
bloéks. The thick sands have been interpreted as Bouma turbidite
units (Chapter 6) and are evidence that turbidity currents flowed down
éhese upper-slope valleys. Individual flows were separated by periods
of time when mud accumulated, suggesting that flows through these
valleys were intermittent. The valleys may have acted as tributaries
to the main channel as suggested by a GLORIA profile (Fig. 2-10),
but there is also evidence that turbidity currents flowed ontog the

midslope area.

Sequences on the destructional midslope area are very variable,
but where it is possible to locate cor;s in relation to morphological
highs and lows, it can be said that coarser beds are more common in the

depressions, while the hummocky areas are draped with finer sediment.

[y

The coarser beds are interpreted as turbidite deposits. The topography
o —
probably controlled the paths of turbidity currents which flowed either

from upslope or from overspill of the main channel, and deposition of

.~

coarger sediments at the base of the flow occurred preferentially in

the depression. : -

Coarse sand was also transported down the main channel, and is

¥
»

deposited on the channel margins.’ Thick sand beds probably also

accumulated where the channel narrowed to form a depositional lobe which

o

the channel now crosses. Overspill of this shallower channel resulted

.

in coarse sand and gravel beds 'on the margins. JMore distal parts of

the lobe contain sequences similar to other midslope areas as a result
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v

of subsequent slumping and generation of an irregular tc&ggraphy.

On the undisturbed slope, bioturbated muds dominate except very
near to the constructional channel. Coarser beds in this area are
! L
turbidites ‘and probably related to the local channel. It is not clear,
however, whether this area 1s completely immune from flows in the

adjacent destructional area and main channel.

~y

th

i
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CHAPTER 8

3

DISCUSSION: CONSTRUCTIONAL SLOPE PROCESSES

k]

In the two study areas of the Scotian Slope, constructional

?

morphologies are present (a) at the western margin of the Scotian Gulf

_area and (b) in the eastern half of the Western Bank area. They are

acoustically uniform areas, showing smooth sediment gurfaces and con~
tinuous gub-bottom reflectors iFig. 2-23), Only three piston cores are
available in the Scotian Gulf comstructional area, but they show strik-
ingly different sequences below the Unit 2 cover from cores in the
destructional parts. The seque;ces comprise alternations of red-brown
and brown lithologies (Fig. 7-8) on a scale of 10-20 cms. The patchy
or mottled mud facies }redominatesg suggesting hemipelagic processe{‘afes
most important. Core 82 from 500 metres water depth contains sandier
brown and olive ;Eey units (Fig. 7-8), which although bioturbated may
be related to turbidity currents. However, the equivalent browner and
greyer beds downslope (core’ 81) have no clear turbidite characteristics,
although this .core from close to the constructional slope channel (Fig.
7-8) does contain other sandy beds which are interpreted as turbidites.
The sandier beds of core 82 are thus thought to be more related to «

¢ -

hemipelagi; processes rather than turbidity currents.

The processes involved in constructiomal slope sedimentatiom.are

~

not restricted to these areas of the slope which have not been digturbed

by slumping or other destructional processes. By and large, hemipelagic
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type sedimentation is independent of slope mrphologyr Thus, this

-

discussion can be made broader to include that part ot destructional
sedimentation which is not related specifically to the morphology. Thus,
the Holocene mud drape over the slope and 1ntarvals*f non~turbidite mud

sedimentation within the Wisconsinan sequence can be considered as con-

&

structional phases and the following discussion perta:uL to these inter-

vals ag well as constructional slope nquencu per se.
¥ . .

The processes involved iz; hemipelagic sedimentation are not very
well lunderltood beyond tss conceptual uodela illustrated \ix; Pj@y:-ce
(1976, see Fig. 5-12).  Systematic textural variations in the very .
uniform modern ngdiunution. dzuued in Chapter 3, can be relateci
minlj‘r to dynamic c‘onditim, buk the dovncore'variations' n cor-i.'ea 81
and 82 particudgrly, indicate that qther factors are important.
Sediment supply rates, transport par.hs and transfort nechm\pn are
identified as controls on "hemipelagic" dqt_ooit,icfn in addition t? the

local dynamlc conditioms, T !

(a) Sediment Supply Rate - L .

The rate of tcdinent supply fro- szdividunl uourq-.es detexmines the i

0

dominant conpositional characcurisgics of the udiuuit. Coru show a
stratigraphic divisSon between a latk Wiscemsinan unit, dominated by
red-brown and browy muds, and & latest Wisconsinan/Holocene unfy’
characterised by olive-grey and dark yellow-broyn muds. Although
‘;;radatioﬁs are common, it is simplest to consider the c'ontro]f: on tk;e"- .
end-wenber red+brown a‘xd,qlive-srny lithalosius' md. th> broad

N 4
~ b ’
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differences between Holocene and Wisconsinan conditions.

-

The infetre;l ice-sheet supply of red-brown mud is restricted to
the Wigconsinan glacial period, although reworking of coastal and
inner-ghelf tills may have contributed some red-brown wmud since de~
glaciation. However? the lack of olive-grey sediment in the Wisconsinan
should be accounted for. The ghelf-edge supply of olive-grey sediment
would be largely controlled by relative sea-level. A maximum sea-level
lowering of 110 metres (Kiqg, 1970) would leave large areas of the °
out'er—shelf banks subaerially exposed (Fig. 1-9). The area then avail-
able for reworking and gupply of mud would be su?stautially r@duced,

regulting in a large decrease in supply‘ of olive-grey sediment during

the Wisconginan.

Less extreme sea-level lowering would allow greater supply of
olive-grey mud to the slope at least along the southern half of the
continental margin. The sedimentation rate (and presumably.supply rate)
of Wisconsinan red-brown sediment was approximately twice that of

Holocene olive-grey mud so that“the outer~ghelf bank supply may be
‘ masked by the ice-gheet supply. However, the data argues more strongly
for a substantial decreame of. alive-g’rey gediment supply during the
'W1sconsinan. This argues also f?r the more maximal sea-level lowering
of-'110 metres. Other factors such as storm regime and the effect of a
flm;ting i‘ce'shelf during the Wfac'ons'inan may als‘o play an important

role in regtrictif;'g olive-grey sediment supply. v

5 - 3 . +
4 » . - ‘ ¢

*
~3
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(b) Sediment Transport Paths i

Supply of olive grey sediments from the outer shelf banks to the
slope is controlled by the net current regime on the shelf and slope.
Periods of strong downslope flow are not common in the modern current
regime (Fig., 3-2), but downslope transport of sediment is achieved by
currents with essemtially alongslope flow and small downslope vectors. .
Thus downslope transpért is obiique and considerable alongslope trang-
port is likely. Stanley et al. (1972) concluded that the shelf cir-
culation patterns around Sable Island regulted in local zones of high‘
sediment supply at certain points along the ghelf-edge. However, along-
slope transport as described above would largely smear out any local

supply effects.

Wisconsinan supply of red-brown mud to the slope wqpld have been
controlled‘by searlevéi and paleo-oceanographic condition, Transport
across the shelf was largely by surface layer suspension (see Chapter 5),
but exposure of large areas of the outer banks as a result of 110
metre gea-level lowering would restrict the supply from the ice-sheet
to the narrow conduits of ‘the Gully and the Scotian Gulf (Fig. 81 ).
More moderate sea-level lowering would allow supply along'a broader

froit with only Sable Island and Banqueréau Banks preventing sediment

)

supply to the slop;\(Fig. 8-1 ). The effects:of seasondl ice~cover -t :

¥

over the shelf (Mudie, 1980) would be Eh\séﬁtricq:ée&iment tyansport ,
- Id % -

to summer months, a feature one could not hope to detect in the slope -
, ‘ X
record. . \ v

Y

=

L
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<
(¢) Slope Transport Mechanismg

4 '

I't has been suggested in Chapter 5 that olive~grey and red-

brown mud are transported from the shelfbreak by.different mechanisms.

* 0live~grey mud, eroded from the outer shelf banks is transported in the

bottom boundary layer, wh:ile\ red-brown mud, supplied mainly in the
surface layer, ls transported over the slope also in the surface layer
and eventually settles through the entire water col'umn (Fig. 8-2). 1In
bo;.h cases; sediment must settle through the bottom boundary layer
prior to deposition so that the neot result should be similar. The
finer~grained character of the red-brown mud may be related mainly to

+ L)

the, long transport distance before reaching the slope. However, the

)

I 2
red-brown mud is deposited In upslope areas (eg. cores 2 and 82) where

the modern current regime would prohibit substantial mud deposition.

This suggests that a less powerful current regime may have exigted during'

*

Wisconsinan times.

! e i v o
Low salinity water covering the shelf during Wiseoisinan times as
implied by Mudie's (1980) data (see Chapter 5), and sea-level lowering
near the maximum 110 metres of King (1970) would mean that sediment

laden surface watet moving offshore would not encounter open ocean .

~

* conditions until it crossed the' shelfbreak. An analogous situation

* -

exists at the mouths of many rivers where Tresh water encounters salime

I3

marine water (W}:ight, ‘1977). In most cases, a stable fregsh water layer
3 ”

is maintained :at the surface because turbulent vertical mixing is not ’

signi,f:i.caqt (Bates, 1953). Howev;_er', tide dnd wave action can rapidly
v [ .

-

3



[

263

«
.
N
4
.
N -~ .
x -
B AN
.
® -
. .
- p————y
e = R N e -
S A A L | v oan,t "% fuel e 0 » .
[ . L . A

RED - BROWN. . ,
-——~ .. -_-V R

Figure 8-2.

- (

il .

Slop'é. transport mechanisms for red-brown and olive<
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" mix the surface layer and prevent further offshore transport.

Kranck (1981), working in an estuarine environment, found that floc~

culation of suspended particles has a stronger relationship to. concen- ;
tration and turbulence than to salinity., Thus, by analogy, the increase
in turbulence as the low~galinity surface layer encountered open ocean
conditions at the shelf-edge may have resulted in increased flocculation
and rapid deposition of rgdrbrown mud on the slope, during the

LY -
Wisconsinan. With maximum gea-level lowering, this may have been par-

ticularly important in the vicinities of the Scotian Gulf and the Gully.

©

. L %

THE ROLE OF CONSTRUCTIONAL SLOPE CHANNELS ~

<

N *

The Scotian Gulf constructional area contains a 30 metre deep

A
Qgpositional channel (Fig. 2-8). Very few detailed surveys have been /ﬂ
made of other constructional slope areas so it is not known whether

rod” % N

such chammels are common features of comstructional slopes. The up-

or down-slope continuity of the channel has not been estahlished and, °
in fact, seismic line P-P' (Fig. 2-2) indicates that, if present, it

must take a large westward deflection. Perhaps more likely is that the
% . N
channel' is discontinuous. Discontinuous gullies have been documented .

on deltarfron;)siopes (Shepard and Dill, 1966) and théy are thought to

be of sld;p origin (Shepard, 19733‘Coleman et al., 1974).

The clearly leveed nature of the western Scotiamn Gulf channel

(Fig. 7-4) suggests thdt it is a stable feature and nearby cores “

M

contain turbidite units (Fig. 7-4). These features syggest that if
the valley originally had'a slump origin, it has more recently acted
. >

as a conduit alg?g which turbidity currents have passed. The morphology

"

-

2l ’ S

. " =
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may have been modified in the process by channel-~floor erosion and

"

levee construction.

¢ . .

One particularly interesting aspect of the channel is the

1

‘continuity of reflectoré from the leveed channel maréin to the adfacent,
slope (Fig. 7-4). The usu#l conclusion from ;his evidence would be

that the adjacent slope has been largely built up by overbank turbidite
dé;osition. Although mearby core;\contain a few identifiable turbidite
beds, the domimant iithqlogy is biloturbated mud, even during late
g%fcial times when turbidity-current activit; was high in the adjacent,»
excava%ed part of the’Scotian Gulf area. It is geﬂerally aésumed that
hemipelagic processes construct continental slopes, while turbidity
currents bypass them (K;iling and Stanley, 1976)., Recently, however,”
;ttention has been drawn to the likely importance of Qilute, low~ "
velocity tuFbidity currents in canyons (Shepard et al., 1979) and on )
gubmarine fans (Stow, 1977). The theory for dilute turbidity currents,
put forward by Stow and Béweﬁ (1980), is based on the suspension “ .
settling model of McCave and Swift (1976). That model g;edicts a

downslope decrease in modal grain-size, much as is ohserved in Mhemi~

pelagic" muds of the slope.

The begged question therefore, is what contribution do dilute
turbidity-currents make to the constr&ctio; oé contiﬁental slopes?
The evidence for dilute turbidi¥Wcuxrents lies ﬁicurréht—meter records
from submarine canyons (Shepard etualf; 1979), which show peribéé of

strong downcurrent flow digrupting the normal oscillatory current
e »
1

patterns. These velocities may reach over 100 cms™l and are sometimes

.,

~




.phenomena and that downslope transport may be by the’intégratiun of
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i -
1

followed by a loss of record indicating even higher velocities. The

likeliest explanation for these events is that low-velocity £urbidity
{

currents have flowed through the canyons, bpg‘the lack of conéiguous

measurement of suspended sediment concentrations precludes confirmation

of this hypothesis. | ' !

In the examples studied by Shepard et al. (1979), the possible
turbidity currents were generally preceded by strong ﬁpcanyon flow re-
sulting in a unusual,buildﬁp of watexr aéwtha~canyon head. I; is
possible that a similar mechanism could exist im the smaller'scalg
channels such as those on the Nova Scotian Slope. AlthJuth currents

at the shelfbreak are predominantly alongslope, tidal oscillations

sometimes dominate and periods of up- and down-sldpe flow are ob-

P

ser;ed (Fig. 3-2). Although tho;e flows generally have relatively
low~veloci£ies (20-30 cms—l), they are of the saqefhagnitude as éﬁepard
observed before the sfrong downganyon flows.qhit is not clear ;hether

a 30-meter deep valiey';an channelise flows to the same extent as the‘
much deeper canyons of She?ard et al. (1979), Nevertheless, the

!

possibility that.fine-grained, dilute turbidity currents may be gener-
N [ 3
ated in these channels, cannot be ruled out.

' Many of the flpws descriﬁed by Shepard et al. (1979) did not appear
& « o "

_ .
to’ continue for long distances downslope. Events recorded by canyon ”

head meters were not observed in other meters less than 2 km downslope.

The implication is that the "flows are short-lived, iﬁﬁbrﬁittent

]
these events rather than by single catastrophle flows. However each

.
- . Pl
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flow would considerably resuspend sedimfent which could then be

supplied to the adjacent slope in a series of relatively short-lived

0 »
» “

pulses.

c-*-.{\ -
This discu#sion raises the possibility that dilute turbidity

currents may play an important role in "hemipelagic" sedimentation,

Occasional preserved laminae in bioturbated muds (Fig. 5-3) argue that

relatively strong events ‘do occur at least occasionally. Beyond this,
however, there is little direct evidence for the process., Several
things need to be established before such a process might be accepted.

Most important are that slope cha’dnels are common features even on

smooth eonstructional slopes, and that currents similar to those ob-

served by'Shegfrd et al. (1979) flow in them. .

a -

AN ANCIENT ANALOGUE: THE RIO DELL FORMATION \

An ancient example of a constryctional slope sequence is found in
the Plio—Pleisthene Rioc Dell’ Formation of-northern California (Piper
et al., 1976). The formation outcrops in cliffs aldﬁgiCentreville
Beach, south of Eurekae California (Fig. 8~3) and éﬁns}sts of a proj
gradational sequence from basin to shelf environments. The slope
sequence makes up the lower half of the ppper member (Fig. 8-4) as |

defined by Piper et al. (1976) and was independently established by

+ them uging well-defined foraminiferal depth assemblagesil .

3

~
Al

From the work of Piper et al. (1976) and my own observationa,‘

-~ ¥
threé slope facies can be recognised in the sequence:

\-
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-

& ! "
Figure 8-3. Location map for Rio Dell Formation in northern
Canifornia (from Piper et als, 1976).
. . ! ']
A | °
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. (a) dark-grey mudstone
(b) light-grey silty mudstone ¢

{c) brown-weathering siltstone and sandstone.

The dark mudstone and light silty mudstone facies are end members

and gradations between the two lithologies are commonly observed.

0

Both facies are ifregularly bedded,<2}though laterally extensive over
several metres. The hrown-weathering siltstone and sandstone faéies
makes up only a very minor proportice*nf the sequence. The brown
weathering As due{%O iron concretion, whicﬁ occurs preferentiall; in the

slightly coarser beds.

-

Thekibwer part of the slope sequence kequivalent to Section B of
Piper et al., 1976, Fig. 6-4) is dominated by the finer dark mudstone
facies (Fig. 8-5 Sections 1 and 2) with subordinate interbeds of light

silt mudstone and very occasional thin brown sandstone. Generally,

- ¢

individual bed thicknesses do not exceed 10 cm although the uﬁper part’
of both Sections 1 and 2 contain dark mudstone layers up to 40 cm

thick. The light silty mudstones become more dominant up-section and

~

can make~up units over a metre thick (Section 3, Fig. 8-5). Coarser
unitgs of brown giltstone or sandstone are still very.rare, but dark

mudstone interbeds are still important (Section 4, Fig. 8-5).

-~ *
The_&verlying shelf sequence (above Section G of Piper et al.,

19763 Fig:;8—4) consists of light coloured silty mudsébne, similar to

Rl

the slope facies (b), and more frequent sandstone beds. *The dark
“t »

mudslone is very rare in the shelf sequence except at the vefy tog: of

-
the exposed section, In a small exposure north of Fleener Gulch,

. .
&
0 -

.

iy
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Figure 5—5. Detailed measured sections in the Rio Dell Formationm.
* Location of sections are shown in Figure 8-4.
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%
iFig. 3~3) dark mudstone is associated with thick medium tohfyarse
sandstone beds (Séction 5, Fig. 8-5). ‘The sand;tones often exhibit
. trough-shaped scour surfaces which may represent channel margins
(Fig. 8—6).‘ The troughs are sometimes draped with dark mudstone and
-filled with sandstone (Fig. 8-6). The example in Figure 8-6 shows

several scour surfaces within a single trough. y

4

This exposure is hard to interpret in isolation, The sequence as

A

a whole reflects'shallowihg accdrdipg to Piper et al. (1976) with no
evidence for later transgreséién.° Thus the ex%oéure at ‘the top of the

section may represent an inmer-—shelf or nearshore environment. The re-

appearance of thé dark mudstone lithology at this point in the section
1 N .

suggests a nearshore source of the mud. The lack of dark mudstone in the

remaining shelf sequence indicates either a temporary halt in the supply

of mud or bypass of the shelf by the transport process .which supplies

4

the mud to the slope.
-

”
COMPARTSON OF SCOTIAN SLOPE AND RIO DELI. FORMATION SEQUENCES

The Rio Dell Formation slope sequence seems to be a good example
of a constructiogal slope sequence. The processes observed on t37,
Nova Scotian Slope are useful for understanding this‘ancient sequence.

JAn important feature in the Rio Dell.Formation is the "two-tone™ nature

of mud lithologies. Just as on the Nova Scotian Slope, siltier olive~

. -

grey and more clayey red-brown end-member muds are identified, so too,
in the Rio Dell Formation, there are dark grey mudstone and light—
grey silty mudstone end-members. Gradations between end-member

lithologies is common in both examples. The Rio Dell dark mudstones

%

‘
A
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o SANDSTONE

“ /
MUDSTONE

Figure 8-6. Field sketch of trough-shaped scour surfaces and
dark mudstone drape and fill. From Section 5,°
g Figure 8-5. °

€«



£l

274 i

may have been derived from an inshore fluvial source. Periodic flood
conditio?s could produce intervals of relatively rapid sediment supply,
probably as surface plumes which bypass the shelf, in much the same
way as ice-~front melting suppliéﬁ red-bgown mud- to the Scot%an Slope.

The light-grey sflty mudstone is the major shelf lithology, which is

probably remobilised to supply the slope via the bottom boundary ;gyer.

'Y

It is interesting that the dark mudstones dominate the lower

a

slope zgguence in the R}o Dell Formation. This suggests that surface,
layer transport may be more efficient than bottom—layer transport in

®

supplylhg mud to the deeper basin., Alternatively, Ffluvial supply of~
mud to the slope mai be localised and dispersal mainly by bottom cur- -
rents on the slope. This might also account for the lack of ‘mudstone

on the shelf. o

IE]

quisge
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) CHAPTER 9

o

G
© DISCUSSION:' 'DESTRUCTIONAL SLOPE PROCESSES

A

o6

Y » Ed
-

A generalised late Wisconsinan fac@es model’ for the Scotian

L4

Gulf destrhctional area was outlined in Figure 7-9. The upper slope
is dominated by large slump and slide masses which produced a high-

relief morphology. Inter-block areas were partially filled by thick

sand units supplied from the shelf and uppefﬁo§t,slépe. The mid-

‘slope morphology is also controlled by slump deposits, which form

[

hummocks with relief of 10-20 metres. Coarser €and and silt facies

Y

tend to fill the'depressions between slumps while the slumps t@emselves~

are draped with variqﬁs mud facies. °On the depositional lobe, a similar

4 !
facies development is seen except adjacent to the main channel, where
numerous coarse graded beds dominate the sequence. It is likely that

. L ° -
the lobe itself is constructgd from thick-bedded sands similar to

»

suprafan deposits (Nelson and Kulm, 1973).

"Hemipelagic'-type processes continue to add sediment to the .

destructiona} slope during the Wisconsinam as’well as the Holocene .

&

and mud is still the most common lithology. However, .various gravity

driven processes, most importantly slumps, debris-flows and turbidity :

3

currents are much more dmportant than during constructional phases

of slope development. These processes, altﬁOugh described ﬂy siﬁple

n v

. “ o
_theory, have not been studied in the detailed slope framework attempted

here.

.
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SLUMPING .

SIlumping occurred .at a variety of scales., The largest slump

features recognised haye areas of several square kilometres (Fig. 7-1).

. .
These features provide the morphological framework for the detailed
facies distribution.. Slumped units in cores are” generally ;elatively -

thin, indicating that smaller-scale slumps are also'iméortant.

Slumping is an indication of slope instability. Several inter-
related factors can lead to mechan§%a1 instability, most importantly -

low_sediment shear strength, (often a consequence of high rates of
deposition), high slope angle and sudden or cyclic loading by seismic

shocks or ocean waves (Morgenstern, 1967). Sediment shear strength is

itself related to a number of factors including composition, porosity

and internal pore pressure. Based on infinite slope analysis, Moore

s ) *

'(1961) predicted that slumping on most continental slopes should be a
. F ] .

relatively rare phénomenan in intercanyon areas. Subsequent surveys’

:

have demonstrated that this is not true and that slumping is or hés been

)

-

an important process on most continental slopes (eg. Ryan, in press).

s

Relatively few, définitively Holocene sluthps have been recorded; most

-

are attributed to Pleistocene conditions. All the slumped beds in .

this Scotian Slgpe survey are late Wisconsinan or earlier and corre-

.
* LRI

lation of individual beds (Chapter 4) indicaies no evidence for slu%ﬁﬂk

[ ne s

ing during the Holocene.
+

An average Pleistocene %e@imentation rate of 30-60 em/ky is esti-
mated from the seismic interpretations of Jansa and Wade (1975) at the

shelf-edge. .Rates during periods of maximum sediment supply could

w

L Y

-
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have been considerably higher than this average figure. Probably,

the very high sedimentation rate was ultimately responsible for the

@&

increased slumping activity during the Pleistocene. High sedimentation

. AN
rates may have controlled other stability factors.

]

Rapid sedimentation at the sielf~edge may increase the overall >
slope angle. The accumulatitn a ‘shelf-edge prism during the whole

of the Pleistocene ‘could increase the sloperangle by -a maximum of 4°
) f

(from 3° to 7°), which would substantiaily increase the probabifity of

slumping. On the..other hand, evidence from séismic profiles (Fig. 2-4)

+

- " VR . '
suggests that slumping has occurred,in several episodes’ during the
- 1

Pleistocene, perhaps.related gp'high glacial sediment supply. Taking
an a&erage glaciél/interglacialriﬁterval of 100,000 yrs, the slope ¢ .
angle maﬁ have been built up iA increments of 0.3° or less before
- g ?
’ &«

» slumping occurred. co .

-

An increase:of;0.3° 'hardly seems significant, but other factors
\ :

Fod
i

are involved. Rapyf rates of sedimentation has a second impotrtant .
b}

effect. With more'rapid burial,'the sediment has less time to expel

&

, water and may become underconsolidated (Sangrey, ;9@1) as a result of

excess pore pressure. Such sediments have a considerably lower shear
2 - t 1 ~
strength and may be more susceptible to 1dading\py earthquakes or ocean

waves. Prior and Suhayda (1979) demonstrate that unexpectedly high

»

pore pressures in Mississippi- Delta muds explain the occurrence of

o >

slumps at slopev%ngles as low as 0.5°. However, rates of sedimentation -
on the Mississippi Delta are three orders of maghitude higher than the

‘ +
maximum conceivable rate on the Scotian Shelf unless the ice margin was
n 4 «

v

el T s

b
-
£)
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very close to the shelf edge. At low sedimentation ratés, shear

strength increa;es rapidly with burial depth (Moore, 1961) so that
undercongolidation is unlikely at depth unless other factors (eg.
highggas content) are important. It is possible, however, that the
top few metres of the sediment pile may have suffic;ently 19w shear
strength to be susceptible to slumping. This may expiain some of the
small scale slumps observed.in the cexes. Sudden deposition of sand
on the slope may éufficiently load u:z§¥consolidat?g areas to cause —
slumping. Many slumped bedé-(Figs. 6~11) cqnééin sand patches, so that

.this metchanism may b: important. . - v

.
‘ o . ¥

. F}naliy, the possibility of progressive slumping should not be
overlooked. A single slump wkll tend to-increase the local slope ahd
reduce suﬁport to sediment upslope of the élump—scar (Watkins and
Kraft, 9978). This often;resu1£s in further slope failure with
slide~planes being generated prégressiVely in dn upslope direction. >

The downslope proffle in Fig. 2-20(a) shows evidence for several )

phases of slumping which may well have occurred progressively. On a

smaller scale, a similar process could act on the steeper slopes at

W

the margin of the small depressions which formed by slump erosion and

#

depoiition.' - '

- ©

y
DEBRLS FLOWS

- s -

The mechanism of debris flow is reasonably well understood in

- principle (Johnson, 1970; Hampton, 1970; Middleton and Hampton, 1976).

%

Most theory is based on subaerial observations and little is known

about the details of debris flows in subaqueous environments, their

3

»

I+
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generation or behaviour during trhnsport.

~ g

- ¥
Subaerial field observétigns led Hampton (1970) to suggest that

X

debris flows were generated from slumps by agitation of the slumping

v

mass with incorporation of additional water.  The process happens re- e
. . : . s

v

latively quickly provided "that the water can be rapidly dintroduced to

3 o

the sediment matrix., A slump can travel some distance by plastic-flow
and incorporate very little water. The Hampton (1970) mecanism requires’

break up of the slump mass and frequent block-to-block contacts (jostling),
. ° \

implying brittle behaviour of the slump blocks, Slumips of dominantly

nuddy material show plastic deformation features (Fig. 6-11). These -

o

‘small-scale éiump deposits are l{kely derived from the upper few metres .

N . BN ') .

of unconsolidated sediments and may mnever have had the potential to
become debrié flows. More compacted and brittle sediments in larger
slumps would tend to break up rather than deform during slumping and

thus ﬁéy be more liable to the jostling processes involved in the trans-
g B
- el ]

formatfon to debris f£low. R

A possible mechanism to generate debris flows from unconsolidated

o

sediment invelves the brittle behaviour of enclosed sand units in muddy
i
slumps. Several slumped beds in Figure 6-11 contain patches of well-

sorted sand. It was suggested earlier that dilatancy can .cause the sand //r
. N 3

inclusions to behave in a3 brittle fashion. Thus individual sand in-

clusions could be jostled together and mixed with the intervening mud.

The pore water of the sand would provide the additional fluid required

to create a slurry capable of flow. o «

'

All the debris flow beds observed on the Scotian Slope contain a

M Y

% LY

&

by
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significant proportion of grdvel-sized clasts (Figs. 6-9, 6~10). ~ ,
7.\ 1
pravel is relatively rare on the mid-slope area in other facies, .

Q

except .near the main channel and depositional lobe. Ice-rafted clasts

:

are found in various muddy beds, sometimes in clusters, but more common~
1y in isolation. Thhs, it seems likely that the generation of gravelly

debris flows must take place on the upper slope where gravel makes up

o »

a significant part of the bedload (see Chapter 3).

' Although several cores bottom out in thick beds of gravelly

n
n

sandy ‘mud, most beds are thin (<30 cm)-and relatively fine grained

(compared to classical pebbly mudstones of debris-flow origin of,
Crowell, 1957; Aalto, 1972). They are interesting because'debris flow
models are based on relatively large~scale flows (Johnson, 1870;
Hampton, 1970). Observatiéns on Recent submarine debris-flows are

réstricted to wide, thick deposits récognised in high-resolution

seismic profiles (Embley, 1980; Damuth and Embley, 1981). »

<

Piper et al. (1978) noted some thin pebbly mudstone beds in Miocene
Flysch (Fig. 9-1) that have very similar grain-size characteristics to
o . [4
the modern Scotian Slope beds (Fig. 9-1). ‘Two beds in this sequence

tan be traced for at least 100 metres laterally, and one bed joiﬁg with

a much thicker (7 metre) pebbly mudstone bed which fills a large channel.

™

hY o -

-

My own observations of sediments in the Cambro-Ordovician Cow Head
Group of western Newfoundland (Hubert et al., 1977; James et al., 1980)
demonstrate that sheet deposits are not the only geometry of thin
debris-flow deposfts. Small, conformable lenses of pebbly mudstone
less than 50 cm across are seen, sometimes intergdhnected by very thin

2

!

et



Figure 9-~1.

281

4

(a) Field sketch from Miocene Potamula Shale, Greece
showing three thin pebbly mudstone beds in shale
sequence. (b) Cumulative grain-size distribution

of a sample from the uppermost bed in (a). The curve
was replotted to exclude the two largest size intervals
which contained statistically unrepresentative clast
numbers (From Hill et al., 1979).

-
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%

(2 to 5 cm) stringers of pebbly mudstonme (Fig. 9-2). The convex

B T T,

shape may Pe the result of differential compaction, but the thick- 8-
ness variations cannot be aséribed to boudinage deformation (N.P.
James, pers, comm,). Figure 9-2 summariges the different bed geo-

LY

metries (types 1.to 4) of thin-bedded debris-flow deposits observed in

ancient sequences.,
i Cores do not provide information on the geometry of the debris ’

+

flow deposits of Facies 9. However, closely spaced cores, obtained by

attempting to.re-occupy the siﬁe of core 80-004-29, show that the t

A x

lateral extent of the bed in that core is not great (estimated at less

than 500 metres).

.

Figure 9-3 is a spéculative model of how the various bed geometriasg .

AR T S TR

might be produced in an environment of irregular t0pogfaphy. It is
\\\\\\ “

v
\\\\\
N
N
W
\‘\

1970) and Qifféfé mainly in scale, and in the nature of the initial

P b =

,*” 0 ) .
confingment/of the f£low. » ﬁax

. e

.
ot
[
et
o
N
ot
N
o
ot

Presumably, the slump topography would largely control the initial

flow of a debris-flow. Thin sheet deposits (Types 1 and 2, Fig. 9-2) * ,
may result Whenwfﬁéiklow overtops its channel banks or moves into a -

more open siope area, in much the same way as subaerial flows spread

and thin when they emergé from narrow valleys into a broader plain
(Shelton, 1966, p. 330). Otyer subaerial flows 'are observed to

deposit elongate lobes at their termination (thnsoq, 1970, pp. 436, 438).
These may result in the lens—shap;d geometry of bed—fypes 3 and 4

(Fig. 9-2). Small localised spiils over the channel margins may produce
i\ ' .
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Figure 9-2, ¢ Four th;n debris~flow bed-geometrics recognised from . .
‘ . ancient deposits. . . ) : %
. (1) Sheet deposit with convex margins ' ‘ .

. (2) Sheet deposit associated with large channel
(3) Lensoid, unconnected
(4) Lensoid, connected by thin stringeys.
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Figure 9-~3. Speculative model of small-scale debri
destructional slope setting. 'See text
explanation. >

I
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. elongate lateral deposits of" type 3 geometry.

TURBIDITY CURRENTS . - - S ,

<
@
-

3 -
The general theoretical understanding of the mechanism of turbidity

K

o

A

current flow is quite well advanced (Komar, 1969; Stow and Bowen, 1980).

@

h?gélope has been commonly thought of as a site of turbidity-current
bYpassing after initiation in canyon heads close to the shelfbreak.
There ig strong evidence in the Scotian Slope cores that dEposition'

- a8
from dense saﬂdy1§urbidity currents also occurs on the slope under

8
certain conditions. Ihree important factors are involved: (a) initation,

o

(b) transport paths, (c) depositional sites. The complex morphology of
the destructional slope can provide favourable conditions for a??‘thrée
factors. - o

(a) - INITIATION -

Y

There are two accepted mechanisms for initiating turbidity-currents
in this situation (direct fluvial discharge can be discounted even at
maximum sea-level displacements): slumping and direct current sus-
pension. Most evidence for these mech;nisms come from the heads of

submarine canyons; very little is known about processes at the heads of

smaller slope valleys.

Slumping of large sediment masses from the heads of canyons and
canyon tributaries has been demonstrated by many authors (eg. Marshall,
1978; Valentine et al., 1980)." The slumps may be triggered %y earth—
auakés, but in(tability due to sediment infilling the canyon head is

the underlying control. In the confined situation of a canyon, uncon-

T~ e S
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W .
solidated sandy sediment would rapidly incorporate water to produce an
over-dense suspension which th;n begins to accelerate downslope as a
turbidity-current. Alternatively, qeﬁris~flow“may result from the . »
initial slump., Hamptom (1970) illustrated theoretically and experi-
mentally a mechanism of shear at the debris flow suFface by which a

turbidity~-current could be generated. \\\\ .

In La Jélla canyon, Shepard and Marshall (1973) reported strong
down;canyon fiowing currents during a large storm event. Subsequenfly,
the current meter was lost and eventually recovered from further down
the canyon, tangled amongst a mass of kelp and seagrass. This evidence
led Shepaxrd and Marshall (1973) Eo the conclusion that a turbidity-
current had been generated during the4perigd ?f downsilope flowing current
activity. Reimnitz (1971) maée similar observations in the Rio Balsas

Canyon off Mexico and demonstrated that very strong downslope currents

were related to rip currents generated in the surf zone.

Autosuspension $Bagnolq, 1962) is probably an important: mechanism
in the initiatiom and maintenance of turbidity-currents. The criterion

for autosuspension (Baghold, 1962) is: ~

w

w= U tan 0 .

~

where w = settling velocity of f.particle,ﬁ = mean velocity aﬁd g =
slope angle. This equation is plotted on Figure 9-4 forsseveral slope
angles. It cafn be seen that on a slope angle as low.as 4°, sediment
which is suspendéd by a part;gular current velocity will become im—

mediately autosuspended. In thils case, for a 50 cm s-l current

’

e s

P
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(u= 2.7 em s“l), 2 ¢*medium sand can be autosuspended on a 4° slope.

If this process-i: maintained, a $ufficient concentration of particles

I3
* @ 14

may be entrained to cause excess density and-initilate a turbidity cur~"

rent. . ] .
L} o -

o

.

Both slump and current suspension mechanisms are potentially im-
portant on the Scotiaanlope. Slumping is seen to be an active ﬁ%ocess;
however it is unlikely that unconfined slumps would direcily résult in
turbidity currents as the tendency to spread out would prevent signifi-
cant turbulence developing in thé‘slumping mass. Development of quris
flows from slumps an& subsequent transitidns to turbidity~currents by
Hampton's (1970) m:chanism is also pos;ible.» Once again confinement
within a channel would favour turbidity—irrrent generation hq!:ause5
the process would be most efficient a;ﬁ;agiﬁ speedé. 31um§ generation
of turbidity currents, therefore, is probably morphologically controlled.
A potential site for this mechanism is beneath the ;ppér slope escarp-

;
mént where localised slumping on the ‘steep slope has produced a very
rough topography. Unfortunately, no profiles extend across this zone
in the region of the main-channel (Fig. 2—%), so it is not known

o

whether the main channel heads into similar morphology or into tributary

valleys. In either case, sediment supply from current transport is

potentially high and slumping a likely process.

3

The present-day current regime on the uppermost slope includes

s

periodsg of flow of up to"SO‘cms~1 (see Fig. 3-2). However, this

’
veloéity is directed alongslope 'during these periods. The potential for

dutosuspension is therefore high only in the alongslope direction. In

AR B, ot YR
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o

canyons, downslope flowing currents are generally considered important
in:thé ge;eration of turbidity-curren;s (Shepard‘and“M?rshall; 1973).

the Scotian Slope, autosuspension could only occur on the margins of
A

annels as currents flow perpendicular to the chanmel axis. Certafhly
channel-margin slopes Wbuld be high‘enouéh to achieve autosuspension

e

of quite large pq%ticles, but the concentration of sediment would need

o

v

to build up rapidly within the channel. Turbulence generated as a

4 . 13

result of flow,separation across the chanmel (Fig. 9-5) may keep sedi~-

ment suspended and allow the dénsity to “increase sufficiently for

.

turbidity>-flow. LCurrent velocities drop ragidly downslope so that this

mechanism would have greatest poténtial on the uppermost slope. Suf-
1y . ) "

ficiently large channels are probably only présent in the area of the

main'ghanngi. £, //

3

B

This mechanism is pxoposed béé;use significant up and downslope

&~ wr

currents aré‘only observed during low-flow conditions (Fig. 3-2).

i
! “ ;
These currents may generate weak suspensions and even dilute turbidity

cu%renﬁs (Shepard et al., 1979, see Chapter 8) but are unlikely causes’
of deﬁ/thurbldity currents. . :

v

s

>

However, no current-meters were located within the channel itself

. and Shepard et al.'s (1979) observations from canyons suggest that up-
and down-valley currents are more important in c;nyons, and presumably
controlled by the channel morphology. Undoubtedly, flow near‘the bottom
in the rugged topographic area of the upper Scotian Slope, would be

very complex. Furthermore, the effect of lowered sea-level and other

possible oceanographic changes during the Pleistocene make the potential

R bl
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¥Figure 9~5. Speculative mechaniam for generation of turbidity -

currents by cross-chawnel currents. Autosuspension
occurs on the steep channel walls and turbulence in
the channel waintaine sediment in suspension until
excess density is achieved.
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*of this autosuspension mechanism difficult to assess.

a

One must conclude, therefore, that slumping preseits a more

4

tangible mechanism for turbidity current generation in the Scotian

Gulf area, but the autosuspension mechanism remains potentially im-—

.

portant. The presence of a channel and the evidence for turbidity-

- & ® -

currents in the Western Bank area where slumping is not seen to be an
o &, N .

important process supports this conclusion.. The potgntial for turbidity

1

current generation by either mechanism is greateét at the head of the
main channel, but the area of high-relief morphology at the base of

the upper-slope escarpment may also be an important generating zone.

-

* o

o

(b) TRANSPORT PATHS

<
-

1 o

It is generally thought that ip order to maintain a turbidity

current, the flow must remain channelised to prevent lateral . dispersion

and mixing (Middleton and Hampton, 1976). Deposition at the end of fan )

channels, in the form of suprafan lobes (Normark, 1970), stands as
evidence for this. Thus, on the slope, channelised transport paths must
be available to the current between the  generation point (or zone) and

1)

the site of deposition.

» 2

The main channel obviously provides the most commonly used pathway
on, the slope., The most striking characteristic of the channel is the
dramatic decrease in bgth width and vertical relief (Fig. 2-16). This
does not correspond to the equilibrium prﬁfiles observed in other deep-
gea chamnels (Menard, 1964) or predicted by Komar (1973). Two poss-—
ibilities exist to explain this: either (a) the chamnel is a'
relatively young feature and has not had sufficient time to reach grade

-

o

e e



295

or (b)“tﬁe.channel was at some time truncated by a slump and is presently

A
1

re-equilibrating. -

v
)

t
=

The second possibilfty camnnot be ruled out, but there is mo

N A

- o~ 2
strong evidence in the deeper penetration seismic profiles for a major

slump—-gcar (Fig. 2;4). In fact the evijgice suggests bifhymetr;e‘con—
trol g; deep slump masses, west of the channel. Anotyef ﬁqinter is

that the chanﬁgl, although diminishing rapidly, does so graéually rather
than abruptly. Thus the first explanation, that the cﬁangel_is a young, .

ungraded feature, seems more likely.

The chann;el profile is certainly similarﬁ the {)redis:ted early-
stage profile of Komar (1973)., However, the basis of Komar's model
is that.the channel héight is controlle& by the turgidity~current
height and that the channel is constructed by overspill deposition.

The ‘Scotian Slope channel in fact appears to be mainly erosional in its

"

upper:reaches, only becoming depositional as the height decreases >

(Figs}fZ—lZ to 2~14{( Nevertheless, with this profile, Komar predicts

ﬁmthat overspill of the turbidity current xould be great. This would be

%

particularly true of the lower relief section.

¥

-

komar's predictions were derived from‘a previous resulF (Komar
1972) whichlindicated that the head of the turbidity current wodlq be
thicker‘than the body on slopes greater than (sin 6 = ) 0.0022. At’no
poiﬂ£ along its course does the channel gradient decrease to this value,
go it can be said that any spillover, even from the inciséd channela

would most likely be from the head. Theoretical considerations pre-—

dict that, in the he?ﬁ_of a turbidity current, coarser sediments will

ey
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&

be’concenttated while fines are lost and incorporated in the emntrained

)

i
body and tail of the f£low (Middleton and Hampton, 1976). Thus, it §
f

follows that overspill from the upper reaches of the channel should be

in the form of concentrated flows and the éesulting depos}t should be *

- &

relatively coarse-grained and well-sorted. . A

J

. , &
These are the characteristics shown by the thin sands of Facies :

7. Genérally ungraded, they also have sharp tops, indicating a lack <ﬂ*]

of fines in the flow that depésited the beds. The geposiés‘axg some~

what reminiscent of crevasse gplay deposits in deltaic environments
(Elliott, 1978). In the deltaic situation, crevassing only occurs by C.
breach of levee walls. The process on the slope is probably different

in this respect, as breach of the levee or channel wall would allow “ <

sediment from a lower level of the flow to discharge. This.might

TR R STEE aE

gsample sediment from-the body of the flow to produce more typically
gradéd beds. Simple overspill from the iarger flows best explains the

characteristics of Facies 7.

"

After overspill, the turbidity current may continue flowing as \

long as it has the gradient and confinement to do so. Morphological .

[
-

lows would tend to channelise the flow at least for short'distances
(Fig. 9-6). S;ump—heag depregsions and inter—slump ‘depressions are
available to channelise any such wanton flows on the mid-destructional
slope surface.. Hence one might expect these overspill deposits to be
restricted to depréssions.- This trend was noted in the distribution

-,

of facies.

e —
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Figure 9-6. Conceptual illustration of the flow paths of mid-
slope turb}dity currents, See text for explanation
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Although the main channel is probably the site of a Qajo}ity'of

sturbidity-flows, areas other than the channel head have the potential’
: : &

for gemeration of turbidity currents. If turbidity currents are initi-

ateq on the upper slope escarpment at points distant from the main
channel, they hay’become channelised within the slump block morpholSEy )
cf the upper slope (Fig. 2;8). -Infilling of valleys between slump-—
blocks ‘(Fig. 2-18) with thick sand deposits (Fig. 7-9) strongly indi-
cate that turﬁidity currents have flo;ed in t?ese uppér slope valleys.
The actual routes taken by individual flows would be quite complex;

, i
flow divergence and convergence would probably be common.

“

The flows on reaching the.more open mid-slope area wo;ld behave

in muych the same way as overspill flows frontthe main channel. The flow,
however, L be expected iﬁ a sefies of pulses and eomglete head, bd?y
and tail portions of the current woul% grrive Thus, these flows may:
deposit muddier, more complex graded and perhaps multiple-graded beds

of Facies 5 and 8, Some of the sequences of Facles 5 couplets may
e 4 -
represent amalgamations of several pulses of the same flow. Others,

however, show discrete hemipelagic interbeds so weyre deposited from

2

discrete events. ‘ 3 »

. .
i

v
4

»

. These specific interpretations of the turbidite facies are attrac-

tive because of their tidiness. However, they are dependent on certain .
( »

asgumptions concerning size and frequency of flows down a main chanqel
11

which is out of equilibrium. All three facies can be praduced by over—
]

spill of the' channel. ' Core 58 from close to the channel margin (Fig.

e
&) containsf%everal graded muddy units, presumably derived from the

i 1

-




channel. Flows from the upper slope’blocky area are nevertheless
still thought to be important contributors of,sediment to the mid-
slop; depressions. .Supply in MNe dépositional lobe area is presumably‘
much more directly related to fldws in the main channel. A similar facies
development is seén id'the lébe area (Fig. 7-7), but the channel at
that point is much reduced in size, so that both head~ and body-trans-

- .
ported sediment is probably supplied directly. Also, *nping ha:; -
;odiéi;d the lobe surface and processes analogous to those on other

i

P
midslope areas may operate.

o

(c) DEPOSITIONAL SITES

v

‘Three different sites are available for turbidity current h3:~#/>
position: (a) depositional lobe, (b) flat channel marginsmgc) hummocky

mid-slope areas.

*  (a) The construction of the depositiqpal lobe cannot be determined

_ from this study. The lobe was built du;ing an ecarly stage of channel
development and représents the adjustmeént of the chamnmel to grade in
much the same way as a river will comstruct an alluvial plain in the
flat reaches of its profile (Schumm, 1977, p. 58). The lobe is\
morphologically sgmilar to a suprafan lobe (Normark, 1970) and was

’ probabiy similarly constructed (see summary in Rupke, 1978). Subse-
quently, the channel has built.up and now cros;es the lobe (Fig. 7~1).
Overspill of the shallow channel however, was undoubtedly a major
depositional process and was”the main 1evee-bu11ding mechanism. “Core

80 from the channelfg;tgin‘provides evidence for this process in the

form of frequent thin sand and gravel beds (Fig. 7-7).

%

-
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ﬁp) Deposition on the relatively flat regions surrounding the

-

main channel in its upper reaches aconsisted of fairly regular overspill f
and degysition of both sand and muddy sand' turbidites (Core 28, Fig. !
7-4) separated by units of hemipelagic mud. This provides a good indi-
cation of the number of overspill events from the main channel through

a

Eime. The frequency of turbidite beds.ds relatively low compared to t
. ' . \ . .
the sequence from the morphologically more complex area-to the west

-

(Fig. 7-4). This provides more strong evidencg for turbidity currents

generated and flowing independent'«f the main channel.

-

* {¢) In the mid slope hummocky area, meso~scale morphology exérts
the strongest control on deposition from turbidity currents. As well
as acting as transport paths, the interslump and slump head depressions

will be active sites of deposit;on. The relief of the depressions

e e T e Sk T e k. k2 ™

Q* . N
ranges from 5 to 15 métres in depth and generally less than a kilometre
in width. Confinexent of turbidity currents in channels with these

t

dimensions will be|m™nimal, so that deposition will be prevalent.

-

Several authors have described channel~fill deposits in ancient
turbidite sequences (eg. Hall and Stanley, 1973; Mutti, 1973; Carter,
1979). Most of the described examples are simila? in scale ;o:the
Scotian Slope features, largely because this is the scale of a single
large outcrop. The channels(are from trench slope (Carter, 1979),
base of slope (Hall and Stanley, 1973) and deep-sea fan (Mutti, 1977)
environments, and the type of £ill varies accordingly., None of the . \
examples are specifically associated with slump or slide controlled

morphology.



.

In barter's (1979) study of the Jurassic Otekura Formation
(Wew Zéaland), the channels lie in a background of massive, graded and
rippled mudstones and siltstones. Packets of thicker-bedded sandsiones
are inferwed o have been deposited i&';lope—channels (Carter et al.,
1978). Channel ‘faNrise massive and thick-bedded ”sandstoneus,

-

graded sandstone to siltstone units and, thin-bedded graded sandstones

o

and mudstones. The channel fill sequences are characterised by single
massive beds at the base, overlain by a “spasm;dicall;" varying sequence
of graded sandstones and siltstoﬁes.h élteénating packets of thick
sandstone units and thin sandstone/siltstone beds are present, but no
systematic fining or coarsening sequences are apparent. The sequence is

generally overlain by thin bedded sandstone/mudstone units; which are

thought to represent the abandonment stage of the channel fill sequence.

o’

Hall and Stanley (1973) describe two channels with a finer-grained
fill seq&ence from the Devonian Seboomdok Formation of morthern
Maine. The channels are filled by graded and parallel-laminated silt-
stone with minor mudstone. One channel contains a thickl(l metre; sand-
stone bed which thickens slightly and céargens significantly toward
the channel ma;gin. The other, shallower channel contains an amal-
gamated siltstone "upper sedimentation ungz" which continues beyond tpe
chaqnel as a thin bed. Outside the channel, the bed forms part of a
sequence of similar (generally graded) thin sandstone and siltstone
" beds. Thus, the channel appears,to have been filled relatively quickly

by preferential deposition of thicker siltstone units, the time equiv-

alents of thimner sedimentation units outside of the channel.

o R
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Mutti's (lQ??)“gtudy of the Eocene HechoaGroup (Spain) is useful
because of his consideration of lateral facies changes. The channels
are filled by coarse-grained, thick-bedded deposits ﬁith complex in-
ternal organisation. The thick beds pinch out laterally toward the
channel margins into thinner, finer beds which as, a sequence, onlap the

channel wall (Fig. 9-7). Single.beds mdy pinch out completely before

? T

the channetl wall. The channel margin facies consists of thinrbédded,
laminated fin% sands;ones and siltstones. Bedding surfaces are often
Fidistinct due either to a lack of mudstonme partings or to bioturbation
but the bedding surface may also have slightly J&dulating surfaces.

.Starved-, climbing-~ and 'sinusoidal-ripple laminations are observed.

1

Thege examples are cited because they represent channels which have ’

been filled gubsequent ‘to rather than genecéntemporaneous with erosion.
Slump bounded depressions can be congidered analogies to thése examples

s

as the depression is filled by later turbidity current deposition. A

©

X  J
significant characteristic béiboth coargse~ and fine-filled channels is

the continuity of beds from the centre of the channel to the margin and

o

outside of the channel. According to Mutti (1977), this indicates that
although the main current passed down the channel axis, relatively dilute
lateral suspensions partly overflow the channels and deposit finer

sediment on the m;rgin.

The sequences in cores from slump-bounded depressions (core 56,“
. i
75, Fig. 7-4; coxe 52, Fig. 7-5) are probably representative of the

more marginal £ill. The presence of thin slumped beds in all three

i
i
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Figure 9-7. Model of thin-bedded chanmnel 111 sequences of

]
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Mutti (1977).
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cores tends to support this. Core 56 has a thick sand bed at its base
which may be more typical of the axia1~fill)dep081tion. The main
sequence of thé same core is dominated by graded sand/silt to mud couplets
of Facies 5. Both cores 52 and 75 are finer-grained. Core 52 contains
three, well-sorted sand beds, perhaps d;é to its proximity to the main

-

channel.

Thus, the f£ill of slump—boundeé éepressionﬁ is probably similar
to small~scale channel; described -from the ancient record (Fig. 9-8).
It can be speculated that the deepest part of the depressions are filled
with thicker sand bed;: However, if most turbidity currents are relatively
.small in scale, as isrlikely in the mid-slope area, thin~bedded gands
and silt/mud couplets may dominate the fill. Depressions rarely ex~
periencing turbidity currents may contain a muddy fill. Sequences will

tend to fine (and probably thin) across the margins of the depressionm,

as a result of individual beds thinning and pinching out laterally.
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Figure 9-8.

Schematic illustration of;thé mode of inter-slump
depression fill on the Nova Scotian slope (Scotian
Gulf destructional area).
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' CHAPTER 10 b
) ‘ CONCLUSIONS

The continental slope, even in intercanyon areas is a sedi-
mentologically complex environment. Thé use of coring and shaliow—
penetration seismig profiling allows the study of only the top five
to ten métres of the sediment pile. Slumping on various scales can

create a variety of meso-scale sub-enviromments which accumulate

distinctive facies associations,

This study has been carried out in an exploratory énd opportu~
nistic fashion, and much advantage would be gained from a more metho-
dical approach. The size of the study areas was close to ideal in that

it allowed both’detailed surveying of morphological features and the

4 ¢

compilation of such observations into a broader framework. The three-
dimensional aspect of the survey provided by combined sidescan and
seismic profiling was also very important in the identification of
morphological features. Groundtruthing of the GLORIA record with
simple bathymetry was found to be useful and it is recommended that a
detailed bathymetric survey should be an early stage in the study of

a slope area. Sampling becomes a much more useful tool when it is com~
bined with detailed bathymetric and environmental information, More

accurate transponder-system navigation and digital seismic processing

techniques would make interpretations much more reliable.

st B Emeas
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In the Scotian Gulf study aiea, the slope can be divided into
five parts. (1) The upper slope has considerable relief which is
c£ea;ed by large slide blocks accumulate& in ; chaotic mass at the
base of a prominent escarpment 1.5 km downslope of the shelfbreak.
(2) The mid-slope area has a lower hummocky relief caused by relatively
shallow slump dislocations andbaccugalations. (3) Below this area is
another zone|in which larger scéle slide-blocks have accumulated.
(4) A prominent erosive channel cuts across the upper and midslope areas,
gradually decreasing in depth and width downslope. A substantial accumu-
lation of gediment in a suprafan-like depositional lobe is crossed by
the channel in its lower course.. (5) In the western part of the area,
a remnant of ﬁndisturbed, constructional slope remains. A discontinuous

leveed channel crosses the slope in this area. \

& =

Siumping 1s observed in the Western Bank area also, but the relief
K [

generated by the slumping 1s less. A large part of this area has been

left undisturbed by destructional processes. ;

Modern sediméntation appears to be essentially independent of
A
the morphological variations described above, Detailed anélysis of
érainosize’populatiuns shows that sediment textures are in equilibrium
with the observed current gegime. Catastrophic events or processes need
not be invoked to expi%in the sediment distribution. Sand and fud are
transported across the shelfbreak in suspension by stroﬁg currents which

are essentlally directed along contours, but have a small downslope

component. Sediment transport is prnbably intermittent, but resuspension

PUNUIVAV
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during stfonger flows continues the transport of individual particles
i 3

until ‘they reach a current regime where resuspension is no longer

N e s wesae

possible. Current strengths decrease downslope so that a gradugl' de-
crease in modal grain-size of bottom sediment resui%s. Bédload trans-
port, although less efficient for sand’sizes, is iﬁpé}tant for gfavel
sized clasts on the uppermost slope, particularly in the Scotian Gulf
area. In deeper water, mud continues in suspension and will be o

deposited in a dynamically suitable environment in the same way as

upper-slope sand. The deposition of mud, however, is usually modified

" by flocculation and differential settling rates of the particles. f

The approach, using quantitative comparisons of grain-size
populations and current parameters, was found useful and suggests that
the study of sediment textures in this Qay can b% usefully applied to
interpret dynamic conditions-in other areas of sandy sediéent transport.

@ !

On the slope,*the effects of less obvious controls on the sediment

v

dynamics, such as topographic Rossby waves, can be assessed. :
I ~

) - i
f M as

~ i

oSedimentation in the last 18,000 years probably followed the

a0
modern pattern and resulted in a very uniform accumulation of sediment .

! e

over the whole slope. Most of the mud was supplied by erosion of the

outer-shelf banks.

A marked boundary between overlying olive-grey or vellow brown
muds and unde¥rlying red-brown or brown muds is recognised and was ' 4
dated at approximately 19,000 yrs B.P. The undexrlying unit shows a much

more diverse range of sediment facieg, but very poor correlation of

- rd

4
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individual beds between even closely-Wpaced cores. Foraminiferan

assemblages do not chaMge significantly across this boundary, but there

f///-N\\‘:; a major faunal Boundary at a higher stratigraphic level. The faunal
’

-

boundary at approximately 11,000 yrs B.P. repredents the establishment

of modern bottom conditions both on the slope and in the deepest part of

Emerald Basin. Previously, the shelf circulation was probably largely
restricted, but with rising sea-level, cross-shelf exchange of bottom

-

waters tyrough the Scotian Gulf became possible.

v 3

Ths\red—brown and brown mud deposited on the slope before 19,000

L v

yrs B.P. Qas derived from Carboniferous basins of Nova Scot%a and the
Gulf of St. Lawrence. Most of it was probably supplied to the ocean at
the margin ¢f the Nova Scotian ice-sheet. Tranmsport across the shelf

to the slopé¢was largely in surface water suspension, and may have been
restricted bx the emergence of the outer-shelf banks. Under the maximum
condition of &10 metre lowering of sea .level, supply would have been
through the G&}ly and the Scotian Guif: Wisconsinan muds are kénerally

finer-grained thap Holocene or contemporary muds suggesting that the

dynamic regime during the Wisconsinan was less energetic than today.

The above constructional slope processes, are, ultimately control-
led by broad environmental factors which dictate the supply and transport
of sediment to the slope. The same processes and controls are active
on the destructional slope areas, but in addition, the gravity driven
processes of slumping, debris-flow and turbidity-flow are important and

L]

are controlled closely by the morphology.

Distinct faciles associations have been recognised within the
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i

Wisconsinan sequences of the Scotian.Gulf destructional area: (1)

Thick sand and mud beds are characteristic of the upper slope in valleys
between slump blocks, indicating the generation and flow of turbidity
currents on the upper slope. (2) Graded silt beds a&d.thiq turbidite
sand u?its are found in the mid-slope regién. Depressions between slump
masseS are sites of coarser gediment accumuLafion. Turbidity currents,
from the upper slope or from overspiil of the main channel, flow through
the midrslope area, contrélled largely by the irregular morphology. ’
Deposition occurs preferentially in the depressions: (3) Channel banks
and levees are charact;risgd by coarse sand and even gravel beﬁs
deposited from overspilling ;urbidity currents. Thick mid accumulation

separate the coarser beds and suggest that only rare turbidity currents

overspill the channel banks.

r

The complexity of sedimentation on the Nova Scotia slope (in‘®
particular the Scotian Gulf area) is probably neither a unique nor
necessarily common characteristic of slopes in general, . The Nova Scotian
margih has been largelywinfluenced by Pleistocene glaciat?én and sea-
level fluctuations and the gravelly, sandy shelf-edge whicﬁ probably

resulted from the glacial processes, is not typical of mgsgin environ—

ments. On a more local scale, the Scotian Gulf has certain characteristics

peculiar to it and which cannot be considered typical of all slope
settings. The shelfbreak in this region is relatively deep and would
not be influenced by the wave regime even under the extremes of pro—-
posed sea-level lowering. Also, there is evidence that the écotian

Gulf-acts d5 a conduit for shelf/slope water exchange, which again makes

et e e
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this area anomalous even in the limited context of the Nova Scotian
margin. The range of possible controls on sloie sedimentation illu~

strated here warns against the adoption of the Nova Scotian Slope as

a model for \continental slope sedimentation in generdl.
o/
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APPENDIX 1

) A ,

MARKOV SEQUENCE ANALYSIS OF FINE-GRAINED FACIES

«

y Accordiné to Harbaugh and Bonham Carter (1970, p. 98), a o

.Markov process is one "in which the probability of the process being

in a given state at a particular time may be deduced from knowledge of
the immediately preceeding state'. Sedimentary sequences such as fluvial
cyclothems or turbidite units form Markov "echains" as a result of
predictable; processes. ' Any group of facles cam be analysed to ﬁetermine
whether the transitions between facies follow the predictable Markov
sequence, by the ;:qnstruction of transition matrices and comparison -’
with matrices produced by Fandom processes. The methdd outlined by

Miall (1973) is used here. ! .

Ten cores from the Scotian Gulf study area were us;ad in the
analysis. Facies were identified as described above, using X-radio-
graphs. Gradual transitions between facies were noted and used in the
analysis, while.sharp, possibly erosive transitions were gxcluded. The
only boundaries to be affected by this ;simplification were those

overlain by Facies 5 silts. The number of times that a facies passed

* upwards into another was counted and compiled into a Transition Count

Matrix (Table A-1). These values were normalised into probabilities,

to give Table A~2, A chi-squared test (Till, ]_971;1 p. 75) of the form
m: m.
-2 ]:oge A= iél j;—l nij lc:ge _11_:_;;1

»v

# -~

[y

#

P,
‘

pre




313
« Cf’*)

A ' m
was used where A = i P n:i.j
1,5=0 (s 3
2 - .
and P, = probability in cellij (row/i, colyma j of the matrix)
‘P, = marginal probability iTL/!h@ j th column calculated

3
' from column‘ tally divided by total tally

n, j = frequency in cellij of original. tally matfi‘gc

m = number of states (rows or columns) in the “hatrix
and -2 108855\ follows X2 (chi-squared) with (m—l)2 degrees of

i

. freedom.

‘For this analysis -2 loge A was calculated as 51.66 with 11 degrees
~of freedom. xz for 11 degrees of freedom (from standard tables) is 26.8
at the 0.5% probability level, so that the Markov property is signifi-:

cant at that level,

The five facies are not present in equal proportions, s'o the

’ ir’xdependent probability of differe;xt transitions will be variable Y
acéording to the Yelative proportions of the facies. These independent
prob\abilities can ber computed (Table A=~3) and their effect can be

removed by suhtracti:on from Table A-2 to give a difference matrix

(Table 5-1). This then highlights the statistically significant trans-
itions‘ as positive values. ‘\Iaiues lower than 0.05 cannot be considered
significant (Cant and Walker, 1976). Therefore one positive value’

(0.0l probability between Facles 2 and 3) in this case has not been

uged.
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A.1 TRANSITION COUNT MATRIX

1 2 3 4 5

1 - 0 5 1 0
2 2 - 3 3 0
3 9 0’ - 2 Q
4 0 1 3 - 0
5 6 9 2 0 -
17 10 13 6 0

A.2 - TRANSITION PROBABILITY MATRIX

1 2 3 4 5

1 - 0 0.83 0.17 0
» ' )

2 0.25 -, 0.37 0.37 0

3 . 00.82‘ 0 - 0¢18 0

4 0 0.25 0.75 - 0

3 0.37 0.53 0.11 0 -

0.37\ 0.22 0.28 0.13 0

Raw Sum

e e e e e
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* »

A.3 'PROBABLLITY INDEPENDENT TRIALS

®
-

- 0.34 0.457°0.21 . O

J

(£

0!4‘7 - Q. 36 O. 17 0

0151 0.30 - 0-18 . 0

0.42 0.25 0.32 - 0 )

0.37 0.22 0.28 0.13 - ’

k3
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