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ABSTRACT 

A detailed bathymetric, seismic and.sidescan survey in a 

small intercanyon area of the Nova Scotian continental slope 

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

^Jbale slumping has left a steep 150 m escarpment, below which 

chaotic mass of slumped debris has accumulated. Large coherent 

blocks of sediment up to 50m thick lie within the debris resulting 

in "the characteristically irregular relief of-the upper slope. In 

5 the mid-slope area, the relief is less; mass-movements on the scale 
D 

of tens of metres control the morphology, resulting in a disjunct 

system of hummocks and depressions. An erosive channel, some 505m 

deep and 1 km wide traverses the upper and mU'dttle slopes, rapidly 

decreasing in depth and width below 800 m water depth, where it 
' it 

crosse's a broad depositional lobe. The lobe is similar in profile 
"V* 

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 analysis 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. Finet sediment remains in suspension for longer.periods 

and is finally deposited in quieter downslope environments. 

Gravity and piston cores indicate that this sedimentation 

pattern has remained essentially similar during the last 18,000 years. 
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As a result, the post-glacial stratigraphic sequeitce is very uniform 

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

late Wisconsinan were, in contrast, very complex a'nd were largely 

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

processes of slumping, debris fl-oŵ .and turbidity flow were important 

and resulted in a greater variety of sediment facies. • ' 

Distinct facies associations are defined\for the upper slope£ * 

middle slope and channel margin / depositional lobe environments. 

Mid-slope hummocks and depressions also show distinguishable facies 

associations which are thought to reflect the differential fill of ' 

the depressions, by morphologically diverted turbidity currents. These 

facies associations are probably applicable to other destructional 

slopes. The area lay close to the late Wisconsinan ice margin; it 

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

the types of facies developed. 

Q 
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CHAPTER 1 

INTRODUCTION , 'f 

GENERAL 

7 

The continental slope marks the transition from shelf to deep „ 

basin environments. Most sedimentology texts do not give very 

comprehensive treatment to the slope environment (see for example . 

Friedman and Sanders-, 1978* Blatt et al., 1980; Reading, 1978), largely 

reflectingothe wide gap of knowledge concerning* the slope
1. Relatively 

few studies of ancient sedimentary sequences have specifically con-

centrated on slope environments (Piper et al. „, 1976 and Carter, 1979 

are notable exceptions). Modetjt slopes have" recently become the focus 

of considerable interest, partly,out of scientific curiosity, but 

greatly stimulated by the exploration for oil and gas. on the outer 

continental* margin.'^ This interest is shown .by "the proliferation of 

symposia and related volumes on. the outer margin and on slopes in 

particular (eg. Stanley and Swift, 1976; Bouma et al., 1978; Doyle and 

Pilkey, 1979). Such volumes illustrate the wide range of structural^ 

morphological and sedimentological settings which are included under 

the general umbrella of the term "slope". 

STRUCTURAL AND MORPHOLOGICAL SETTINGS 

Emery (1977) distinguished six types of continental slope in the 

Atlantic Ocean (Fig. 1-1)* Types A to E are associated with passive 

margins. The early rifting stage'of a margin will produce a block-
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Figure 1-1. Structural settings of „ continental slopes of the 
Atlantic Ocean (from Emery, 1977). Types A to F 
explained in the text. 
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faulted margin which is mantled by sediment (type A). . Progradation 
f 7 

6 ' 

of the marginoby0 deltaic or shelf sediments will result in a smoother 

slope with a* characteristic sigmoidal geometry (type B). Erosion of 

the slope face by mass-wasting processes.may truncate the progradational 

,units (type C) and leave1a steeper slope-face. Development of shelf-

edge cemented calcareous reefs (type D),or intrusion'byevaporite or 

mud diapirs (type E) can completely modify the;'generalised, sequence of 

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

incorporates convergent margin settings. 3 

More detailed treatments of the development and structure of 

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

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

undergo phases of (a) construction, -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. 

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

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

Nova Scotian slope is dissected by numerous canyons at its northeastern 

and southwestern extremities, while a relatively narrow zone in the 

central section is largely undissected by large-scale morphological 

features (Fig. 1-2). This thesis is concerned 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, smaller-scale, but complex morphology may be present in some 

places. 
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s 
Figure 1-2. Bathymetric chart of the Nova Scotian continental \ 

margin (from Canadian Hydrographic Service, 
Chart 801). 

\ 
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SEDIMENTARY PROCESSES 

> 

Sediment transport and deposition on slopes is poorly understood! 

Surficial sediments on most slopes are fine-grained, silt and clay 

.being the dominant-size-fractidns (Kelling and Stanley, 1976). Most 

workers ascribe this characteristic to hemipelagic deposition (eg. 

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

the slope via canyons.' Thus turbidity currents are not generally 

thought to be important to continental slope deposition. Coarse sedi­

ment at the shelf edge may be transported short distances downslope by 

the (somewhat nebulous) process of "spillover" (Stanley et a*l., 1972). 

Stanley and Wear (1978) recognised a textural boundary on the upper-

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 

' numerous oceanographic processes have been cited as pote/itial controls 

on sediment dynamics (Stanley and Wear, 1978; Southard and Stanley, 1976). 

Mass movements in the form of slumps, slides and debris-flows 

are widely acknowledged as important slope processes (Nardin et al., 

1979; Moore, 1977; Embley, 1980; Embley and Jacobi, 1977). These 

movements can range from very large.scale (Jacobi, 1976) down to 

relatively small scale (Field and Clarke, 1979). 

h 
THESIS OBJECTIVES • v 

The initial approach to this thesis was exploratory, Vith a 

leaning towards stratigraphic and paleo-oceanographic problems.. Two 

V. 



study areas were selected from the undissected slope area (Fig. l-*3). 

No data was previously available from thes% 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 H i l l , 1979) in the two study 

areas (Fig. 1-3) produced several r e su l t s : 
, / . 

(a) Stratigraphically, the Holocene and latest Wisconsinan 

sedimentation was quite uniform, but older 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 involved coarj^ 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 indicated that the Scotian Slope did not fit Into 

previously existing models of slope sedimentation. Detailed strati­

graphic and paleo-oceanographic studies would clearly be impossible 

without better control on morphology and sedimentation. The sub­

sequent study leading to this thesis- therefore concentrated on the 

relationship between morphology and sedimentation. Three" main 

projects were undertaken: 

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

delimit major morphological features. 



) 

Figure" 1-3. Bathymetric features of the Nova Scotian shelf\and 
slope. Study areas outlined by boxes. 
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(ii) To determine the important sedimentary processes active on 

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

(iii) To assess the factors controlling sedimentation, parfcicu-
0 

larly morphology and glacial/postglacial conditions. 
it «t 

REGIONAL SETTING 
' "' " I ' 

t 

> 

. Many good reviews of the geology of the southeastern Canadian 

continental margin are available (Stow, 1977; Alam, 1976, 1979), so 

this section will concentrate onsthe marine environment adjacent to 

the study area. 

» 

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) 

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), In 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) interprets 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 

% 
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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 Sambro Sand also occurs in a bank sea­

ward of,the- outermost banks, to the edge of the mapped area at the 

100 m isobath. Hqwever, 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 

Sand is relict. 

D 

I t i s d i f f icul t to assess the relationships between King's t i l l , 

Sambro Sand and Sable Island Sand and Gravel uni ts . They are similar 

i n mineralogical composition and i t i s reasonable that both.the Sambro 

Sand and Sable Island Sandxand Gravel units are derived from the t i l l 

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

reworked units appear to be dis t inct ly depth-related which suggests 

e i ther an adjustment to the present energy regime, or different 

h i s to r ies of reworking during the transgression. 

Currents with near-bottom velocit ies up to 110 cms have been 

documented in the Scotian Gulf and correlate witlj strong offshore wind 
1 

events. Reworking of till may therefore be an important contemporary 

process on the outermost shelf, even at depths 'greater than 100 m. 

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

Sambro sand is laterally equivalent to the Emerald Silt Unit which 
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a 

clearly underlies mocfern LaHave Clay (Map Unit 7) in the basinal 
m 

areas. Nevertheless, as the till source is likely to be similar in 

composition across the shelf, it is possible that similar1 sand units 

with similar composition and echogram properties would be produced at 

different stages of the transgression. 

There is some evidence therefore, that sand transport and rework­

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

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

Physical Oceanography 
"V" 

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

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

Water, the Labrador Current Water and the Slope Water*-

1) The Gulf Stream Water -

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 water previously driven from the east by the 

trade winds, in the North Equatorial Current. Worthlngton (1976), who 

used a more complex five-layer model fori the'North Atlantic, disputes 

the importance of this current as a contribution to the Gulf Stream 

system, The surface circulation is seen by Worthlngton (1976) as an 

essentially closed (If eccentric) anticyclone, 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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ft 
The Gulf Stream i s a complex system, of var iab le temperature and 

s a l i n i t y and of e s s e n t i a l l y geostrophic flow (McLellan, 1975, p . 71) 

with a ve loc i ty s t r u c t u r e t h a t i s known to be highly complex. Impor­

t a n t considerat ions are tha t i t i s warm (22°-24° a t i t s core) and 

occasional l a rge - sca le eddy-sfeructures (r ings) are known to t ransgress 

across she l f areas of the eas te rn U.S. (Fugl ' is ter and Worthlngton, 

1951) and Nova Scot ia (Gatien, 1975);* -» • 

2) The Labrador Current Water 

Robe (1971) i d e n t i f i e d two watermasses associa ted with the 

Labrador Current between''Labrador and Newfoundland: 
& 

. (a) Labrador Current Water (LOW) 

.(b) Labrador Current Core Water (LCCW). 

/ * ° . 

Their relationships are shown in Figure 1-5, the LCW being all -^ 

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

of water derived from Hudson Bay and Baffin Bay which joins in the 

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, Newfoundland, the current splits again into 

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

mixes with Gulf of St. Lawrence Water before crossing the Scoti'an 

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 -1.8°C) and relatively fresh (32.9 P/oo to 33.1 

°'oo) whereas the LCW in general can be as "warm" as 4°C and as saline 
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Figure 1-5, Salinity-temperature relationships between Labrador 
Current Core Water (LCCW), North Atlantic Deep Water 
(NADW) and Labrador 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 transport are 

documented for the Labrador Current Water (Robe, 1971). 

A notable characteristic of the Labrador Current Water is its 

relatively high dissolved oxygen content. In the Labrador Sea, 
t 

values as high as 9,0 ml/1 are recorded (Worthlngton and Wright, 
/' 

1970). / 

3) Slope Water 

As it flows around Newfoundland to the Scotian Shelf area, 

surface 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 

(1975) distinguished two parts of the Slope Water, based on detailed 

temperature and salinity data: Warm Slope .Water and colder Labrador 

Slope Water (Fig. 1-6). The Warm Slope Water is a mixing product of " 

LCW and Gulf Stream Water. It is well mixed (dissolved 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 directly >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 considerable fluctuations over time scales of several daysr 

Using moored current meter arrays and meteorological data, Petrie and 

/ 

Smith (1977) studied these fluctuations in detail and concluded that 
/ 

! 

\ 
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Figure 1-6. Salinity-temperature plots for four horizontal sections 
across the Scotian Slope at 50 metres depth. At th i s 
level , the Slope Waters are mixing products of coastal 
Water and Gulf Stream Water. At greater depth, the 
Labrador Slope Water i s related to the North Atlant ic 
Central Water. 
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Figure 1-7. Cross-section through Slope Water Region (Gulf 
Stream 60, Section I I I ) showing approximate 
posit ions of the two Slope Water zones (from 

\ Gatlen, 1975).. • 
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meteorological forcing was an important energy source for such nlotions. 

Longer period motions were also investigated 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. In 

addition, marginally significant correlations between deep water off­

shore (ie. southward) flow and westerly (blowing to the east) storm 

winds were observed. 

Late Quaternary Events 

Over recent y e a r s , important advances have been made i n * t h e 

Quaternary stratigraphic framework of the eastern Canadian margin. 

The cores used in this study are not tfHorfght to penetrate aediment 

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

present knowledge of the glacial, sea-level"and watermass histories 

for this period of time. <. 

/ 

(a) The La-te Wisconsinan Glaciation 

Through this" century, two schools of thought have^ developed about 

the extent of the Wisconsinan glacial episode (Ives, 1978). These may 

be termed the "maximum" and "minimum" models of glaciation. Despite 

evidence to the contrary (Ives, 1957; Loken, 1966), the maximum model 

(Flint et al., 1942, 1945; CLIHAP, 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 number qf terrestrial studies on Baffin Island (Miller and Dyke, 1974; 

t> 

,v 
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Figure 1-8, 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 12 and 23. (From 

„ ' Petrie and Smith, 1977), 
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Miller, 1977; Andrews et al., 1976) and limited work in Labrador 

(Ives, 1957) 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. Th5-most- detailed 

work of Grant (1977) and evidence from the marine environment (Alam 

and Piper, 1977; Stow, 1977) also suggest the minimum model. Glacio-

logical arguments for an extensive late Wisconsin Ice sheet in this 

region (e.g. Hughes et al., 1977) have not been widely accepted. 

The important points about Grant's interpretations are as follows: 

1) Highland ice sheets existed over Nova Scotia, New Brunswick 

and Newfoundland, each separate from the other and from the main 

Laurentide ice-sheet , except for a probable connection with the 

Newfoundland ice-sheet across the S t ra i t of Belle I s l e . 

2) The Gulf of St . Lawrence may have been free of ice for the 

l a t e Wisconsinan event, although a glacier may have extended along the 

Laurentian channel as far as Cabot S t r a i t during an ea r l i e r Wisconsin 

stade. 

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

nearshor# moraine complex ident i f ied by'King (1969). 
i 

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

ice. 
0 

b). Sea Level ,, 

Tradi t ional ly, the maximum la t e Wisconsinan sea-level stand on 

the Scotian Shelf i s considered to be about 110-120 m between 19,000 
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and 15,000_yrs. B.P. (Stanley et al., 1968; King, 1970; Stow, 1977). 

These values are largely based on the remarkably consistent position 

off prominent terraces and associated textural changes a;t this depth. 

Some doubt has, been thrown upcux this.figure by the. theoretical model-

ling of Quinlan (1981; Quinlan and Beaumont, 1981), based on minimum 

ice-thickness assumptions. Quinlan*s models are largely supported 

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 nearshore 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 

stand, Quinlan suggested Bhat earlier melting, several thousand^ years 

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

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

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

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

extra melting required so that Quinlan (1981) conceded that the land-

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. 

The problem has rather important implications to the slope as 

sea-level lowering would have resulted in significant shoaling and 
f 

emergence of the outer-shelf banks (Fig. 1-9). A sea-level lowering 

of 120 metres (Fig. l-9a) would cause the emergence of all the outer 

shelf banks leaving only the Scotian Gulf and the The Gully as narrow 
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Figure 1-9. Eff e c f c s of s e a - l e v e l lowering on the c o n t i n e n t a l 
margin of Nova Sco t i a . Top: 70 metre lower ing , 
bot'tomj 100 metre lowering. 
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seaways. Quinlan*s maximum lowering of 70 metres (Fig. l-9b) would 

only leave Sable Island and Banquereau Banks exposed. Oceanographic 

processes Involving cross-shelf mixing and fine sediment transport 

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

•(c) Water Masses 

There have been considerable recent advances in the interpretations 

of surface sea-temperature using oxygen isotopes and biological transfer 

function analysis of planktoitic foraminiferal species and assemblages. 

These have led to increased sophistication in paleo-oceanographic re-
t * ' 

\ 
construction (e.g. see, CLIMAP Project Members, 1976 for 18,000 yr B.P. 

i 

map). The use of benthonic foraminifera for bottom-water reconstruc­

tions i s less advanced, but recent work (Streeter , 1973; Lohmann, 1978) 

has demonstrated that certain benthonic assemblages seem to correlate 

well with certain watermasses. Streeter (1973), Schnitker (1974) and 

Streeter and Shackelton (1979) have used th is relationship to interpret 

variations in North Atlantic bottom watermass distr ibutions through the 

las t 120,000 years. , 

The essent ia l conclusion of these authors was that Atlantic deep 

circulation between 70,000 arid 18,000 years ago was significantly , 

different from the present circulation. This difference i s explained 

by the res t r i c t ion or disappearance of the North Atlantic Deep Water 

• Schnitker (1979). 

More local ly , various forms of evidence (Fillon, 1976; Alam, 

1979) point to a "cooling-event" around the eastern Canadian margin 
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beginning between 4,000 years B.P. and 6,000 years B.P. (Alam, 1979), 

o r as l a t e as 3,500 years B.P, ( F i l l o n , 1976), Several authors have 

suggested t h a t t h i s .event was the i n i t i a t i o n of the cold Labrador Cur­

r e n t over the Labrador Shelf (F i l l on , 1976) which was absent during 

t h e previous g l a c i a l per iod. Alam (1979) suggests t h a t only the cold 

component of the current was absent so t h a t although the Labrador 

Current was flowing p r io r to 6,000 years B .P . , i t was i n fac t s i g n i f i -

catitly warmer than a t p resen t . 

EQUIPMENT,, MATERIALS AND METHODS 

1) Acoustic Survey » 

The GLORIA I I long range sidescan sonar system was made ava i l ab l e 

for a sho r t survey by D.G. Roberts of the UK's I n s t i t u t e of Oceanographic 

Sciences . The system operates on t h e same p r inc ip l e s as conventional 

s idescan sonar , bu t has a £ o t a l swath range of up to 50 km (Somers 

e t a l , , 1978). Both t ransducer and rece ivers are housed i n a neu t r a l ly ' 

buoyant tow-fish which was launched from a hydraul ic platform. 

Technical d e t a i l s of GLORIA I I a re to be found i n Somers e t a l . (1978). 

In the study a r e a , the p r o f i l e s were run with a 20 second sweep speed. 

» The data i s t a p e d , , then replayed onto photographic paper i n "a 

facs imi le machine, o f ' t h e s o r t found i n newspaper off ices for receiving 
r 

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

sheets-are then rephotographed onto 35 mm film in a special purpose 

n anamorphic camera to give an undistorted sonograph. The anamorphic 

ratio is determined by the ship-speed across the bottom. For the 
<3 

27 
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purposes of this study, photographic prints 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 large bedforms would be 

s x 
detectable as differences in record texture. It is not at present r >̂  

\ 

possible to use th i s capability and experience t e l l s that an actual 

resolution of tens of metres i s more reasonable. 

The ident i f icat ion of features on GLORIA records i s very sensi t ive 

to the angle- a t which the beam illuminates the seaf loor. Thus different 

profiles show up different features . I t i s imperative that GLORIA i s used 

i n conjunction with other systems so that features ident if ied from 

GLORIA records can be groundtruthed. 

During the GLORIA survey, a bottom-penetrating acoustic prof i le 

^was obtained using a small capacity airgun. 

Sparker seismic profi les were obtained i n co-operation with the 

Nova Scotia Research Foundation Corporation, using i t s deep-towed bottom 

profi l ing system. The system uses a 300 to 7,000 KHz sparker sound 

source with a 200 joule output, f i r ing at 250 to 500 milliseconds. The 

towfish, containing sparker, hydrophone and depth transducer i s auto­

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

a t a speed of 4-5 knots. Penetration of up to 100 m s was obtained. 

V 
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Resolution of the system i s in the order of 1 metre. 

Echo-sounding profi les were run using a 12 KHz broad-beam pro­

f i l e r , with hull-mounted transducers and transceivers. ' 

Navigation for the early cruises (1978-79) was by Decca and 

S a t e l l i t e only. The Dacca system i s somewhat inadequate for the scale 

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

•used^the newly established Loran C 5930 Chain which 'provides good 

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

improved ( theoret ical ly repeatable to within 90 metres) and i n good 

agreement with s a t e l l i t e f ixes . 

2) Sediment Sampling 

Surface samples in sandy areas were collected using Van Veen 

(27 samples) and Shipek (27 samples) grab-samplers. Where the sand 

contained a substant ia l gravel fraction, nei ther corer performed well 

although, in. general, the Shipek ^sampler recovered larger volumes 

of sediment. ' ' . ' 
0 ' 

A total of 41 gravity cores, 35 piston cores (with gravity trip-

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 Institute 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. * l 

* ° a 
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Table 1-1. List of core and grab-sample locations. 
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TABLE 1 - 1 

(« ) CORES 

CORE NO.. 

1 
"2 

3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
1* v , 
15 -V 
IS 
17 
I S 
19 
20 

* 2 1 
22 
23 
24 

• 25 
26 
27 
2 8 
29 
30 . 

*£ 
3 3 
34 
35 
36 
37 
38 
39 
40 
41 
4 2 
43 
44 
45 
46 

• 4 7 if 
48 
49 
50 
51 . 
52 . 
5 3 •* 
54 
55 
56 
57 
5 8 
59 
60 
61 
6 2 
63 
6 4 
65 

SAMPLE NO. 

78-005-3 
78-005-7 
78-005-8 
78-005-9 
78-005-10 
78-005-11 
78-005-12 
78-005-13 
78-005-14 
78-005-15 
78-O0S-16 
78-005-17 
78-005-42 
78-005-43 
78-005-44 
78-005-45 
78-005-46 
78-005-47 
78-005-54 
78-005-55 
78-005-56 
78-003-57 
78-005-58 
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 
78-005-S6 
78-006-1 
78-006-2 
78-006-3 
78-006-4 
78-006-5 
78-006-6 
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 
80-004-21 
8O-O04-2Z 
80-004-23 
80-004-24 
80-004-28 
80-004-29 
80-004-60 
80-004-61 

vest 

G " 
p 
G 
G 
G 
G 

. G 
P 
C 
G 
P 
G 
P 
G 
G 
G 
a 
a G 
G 

. G 
C 
G 
G 
C 
C 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

•B 
B 
B 
B 
G 
H 
G 
B 
C 
p 

F,C 
P,C 
P . « 

G 
P 
P 
P 
p 
p 
p 
p 

« P 
p 
p 
p 
p 

tAT <*H) 

' 42*45.55 
42*46.48 
42*45.50 
42*44.09 
42*42.30 
42*39.46 
42*43.16 
42*47.94 
42*49.69 
42*51.22 
42*52.66 
42*53.40 
42*47.50 
42*50.00 

"42*52.50 
42*53.40 
42555.70 
42*55.40 
42*54 .8 
42*54.8 
42*55.0 
42*S4.3 
42*54 .4 
42*54.1 
42*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*S7.9 
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*43.0 
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3) Laboratory Methods 

V ' * 

Each core was s p l i t and x-rayed, then described using visual and 

, .x-ray dc i te r ia . Colour was determined using the Rock Colour Chart d is -

.tributed by the Geological Society of America. For further analysis , 

. sub-samples were' removed from the cores and grab-samples. ' >v 

Grain-size analysis was performed by standard dry sieve and 

pipet te methods. Heavy minerals were separated by petrographic ex-

aniination using tetrabromoethane (R.D. = 2%97^it 20°C). Clay minerals 

from the <X\x fraction were analysed by X-ray diffract ion, using the 

method outlined i n Piper (1976). ,- " » 

Foraminifera were separated from the sand fraction by' f lo ta t ion 

i n carbon tetrachloride (RD = 1.58 a t 25°C). Planktonic foraminifera 

• were sieveS out (using a 180u sieve) of-the separated fraction. No 

s i ze separation was used for benthonic foraminifera s tudies , but 

sp l i t t i ng of large samples, using a Soi l tes t sample s p l i t t e r , was often" 

necessary. - ', 
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CHAPTER 2 

1 _ • SLOPE MORPHOLOGY 

J 

INTRODUCTION 

For an adequate sedimentological model to be established for any J; 

particular sedimentary environment, it is vital to relate depo-

sitional processes to geomorphological features. Recent studies of 

continental slopes have begun to demonstrate a wide rang% of mor-

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

structional types (Dietz, 1952; Rona, 1969) is useful (Fig. 2-1). Con­

structional slopes are characterised by continuity o£ reflectors^between 

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

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 destruction. 

Morphologically, constructional slopes appear relatively simple, 

although this may be mainly because of the lack of detailed studies on/ 

this type of slope. Much more interest has been taken on various f 

aspects of destructional slopes, in particular, mass-movement and \ 

channel-features. 

1 

Mass movements (slumps and slides) similar to subaerial land­

slides and related features have been recognised at various scales 
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(a) CONSTRUCTIONAL. 

•(b) DESTRUCTIONAL 

P *•*.«. cha rac t e r i s t i c s shown 

Rona, 1969J King and Young, 1977). 

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

margin, D.G. Roberts, pers. coram.) to less than 500 metres (Field and 

Clarke, 19.79). Evidence from the ancient record (Laird,, 1968; Cook, 

1979) suggests that smaller-SGale slumps\md/slides, beyond the reso-
9 

lution of most acoustic systems, would be present. Slump slide 

features are largely responsible for the large-scale erosion of. des­

tructional slopes and their chaotic appearance on seismic profiles. 

Erosion by canyons and turbidity-current channels is also an 

important process on continental slopes. McGregor et al. (1979) 

demonstrated that an apparently ̂'scalloped" upper-slope morphology can 

be formed by tributary-channel erosion. Detailed correlation of re-1-' 

flectors is required"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 investigated in detail, using 12 kHz echo-sounder, GLORIA 

long-range sidescan sonar', air-gun and high-resolution deep-towed 

•^ 
sparker seismic records. Relatively little survey work was carried 

out on, the Western Bank area, mainly for logistical reasons, but some 

t 

high-resolution seismic profiles were, obtained in the area. • Survey 

lines are shown in figures 2-2 and 2-3. Navigation*prior; to 1980 was by 

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

resolution* of the Decca navigation is very poor and it was necessary 

to smooth the tracklines. The subsequent Loran C navigation is much 

better (accurate to within 200 metres or so) and indicates that thjfrhip 
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Y 

Figure 2-2. Location of survey l ines in the Scotian Gulf area. 
Solid l ine : V-fin seismic prof i les ; dashed l i ne : 
GLORIA and air-gun prof i les ; dotted: 12 KHz echor-
sounder prof i les . 

Of* 
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Figure 2-3. Location of V-fin seismic survey lines in the 
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 tj»w-length was assumed to be at a horizontal distance of 500 

metres from the ship unless otherwise noted on the record. 

BACKGROUND 

The deep structure of the continental margin off Nova Scotia has 

been the subject of extensive investigation by C.E. Keen and co-workers 

at Bedford Institute of Oceanograpjhy. The boundary between oceanic 

occurs in a zone approximately 70 km 

(Keen et al., 1975). The sediment 

basement and continental basement 

wide near the slope-rise boundary 

piles overlying basement vary in thickness from about 5 km, at the 

/ shelf edge to nearly 8 km below the base of the slope (Keen et al„, 1975).-

The oldest "sediments recovered from boreholes off Nova Scotia are 

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

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

sequence of Jurassic, Cretaceous and. Tertiary elastics and limestones 

showing various.phases of transgression and regression. The Quaternary 

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

reaching up to 1500 metres thickness (Jansa and Wade, 1975) and repre­

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

of glacially-tderived sediment supply. 

Although most of the post-Paleozoic sediment accumulation has a 

simple, flat-lying structure, King and MacLean (1970) and Mclver (1972) 

recognised large-scale intrusion (piercement) features within the shelf 
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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 

from the Laurentian Channel in the north to Northeast Channel in .the 

south, named the Sedimentary Ridge Province by Jansa and Wade (1975). 

The outer edge of this zone is very regular and corresponds approximately 

i to the 40Q0 m bathymetric contour, while the inner edge is irregular 

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

THE SCOTIAN GULF AREA 
" » ' W — • • • ' •..•ill...- — III— 1 1. 

Air Gun Record 

Profiles A-A", B-B' and C-C* (Figs. 2-2 and 2-4) 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 for the strong 

Pliocene reflector of Jansa and Wade (1975) is seen. The section can 

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

UNIT A 

- 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 cannot be 

traced individually across this distance. 

/ 
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SCCOMS 

Figure 2-4. «*-Line drawings of air-gun records from the Scotian 
Gulf area. 
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UNIT A - ^ 

Figure 2-5* Schematic illustration of the four seismic units 
Identified from the air-gun reeords shown in 
Figure 2-4. 

.w 
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UNIT B 

Directly overlying these deep reflectors is a unit of folded ahd 

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

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

reflectors are seen. /The unit pinches out in an upslqpe direction. 

UNIT C. 

This unit consists of strong, continuous reflectors which appear 

horizontal or dipping upslope in profile C-C, suggesting a strike 

parallel to the ship's track and a true dip of the unit to the southeast. 

It apparently onlaps and partially drapes the"rough surface of the 

underlying folded unit, 

UNIT D 

0The reflectors of Unit D-are irregular and discontinuous in the 

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

have a disconformable relationship with the underlying unit and there 

are suggestions of minor disconformities within Unit D itself. Just 

below 1000 metres.water-depth in both profiles (Fig. 2-4), there is a 

region, of elevated, irregular topography, with approximately 100 metres 

(maximum) relief. 

Tnere are two possible "intrepretations of the folded reflectors 

of Unit B and the elevated surface features of Unit D. In profile 

A-A*, the,nature of the disrupted reflectors., just below the surface 

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

location of these structures is very close to the outer margin of the 

Sedimentary Ridge Province and some of the deformation may be associated 

with diapiric processes. However, the reflectors of Unit A beneath 

Unit B are not substantially deformed, so that intrusion from below is 

unlikely. Thus for a diapiric mechanism to be viable, either the salt or 

shale originated within Unit B or was intruded laterally. Shales make 

up a large part of the pre-Miocene Tertiary sequence (Hardy, 1975) and 

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 UnitJB rep-

resents a period of slumping which caused the deformation. The wedge-

shape geometry of the*T)hit (Fig. 2-5) would be compatible with this 

explanation. TJpslope-dipping reflectors are commonly seen and 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 reflectors 

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

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

v. 

The present day regional morphology of the slope is clearly seen 

to be the result of substantial erosion of the upper slope with de-A 

position (partly as slumps and slides) in downslope areas.' Some of the 

upper-slope^rosion may be concentrated in channels. 
<t 

«. 
Bathymetry, -

The bathymetric map (Fig. 2-6)-has been constructed from the echo-

sounding and seismic-lines shown in Figure 2-2, and four sounding-lines 

completed by the Canadian Hydrographic Service. There is much bathy-

metric variation on the scale of 10-20 metres relief and 500 metres 
, » "' * 

horizontally which is beyond the resolution of" this map. However, the 

map shows the general features of the bathymetry quite well. 

T.he shelfbreak is clearly • defined at 250 metres depth and the 

uppermost slope is on average 5.0°. The average slope decreases in the 

downslope direction to 2.7° at 900 metres. At the base of the steepest 

part of the slope (500 metres) is an area of higher than average relief, 

which shows up on the map as an area of irregular contours. Two ridge-

2 
like areas of"approximately 0.5 km are defined by the. contours and a 

similar .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 below 950 metres. However, careful 

examination of £he 12 kHz profiler records suggest that it does continue 
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Figure 2 -6 . J^athymetric map of t h e Scot ian Gulf a rea . 
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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 in the 

east. Also in the south, there is evidence of other ridge-like 

features between 1000 and 1200 metres. One, in ttle southwest, is well-

defined and corresponds to the elevated feature in air-gun profile C-Cf. 

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°. 

O 
The 12 KHz echo-sounder profiles (Fig. 2-7) illustrate the changing 

character of the slope from west to east. Profile D-D*, across the 

central part of the* study area (Fig. 2-2) is steep „and concave in the 

north, but becomes broadly 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. 
> ) 

It is interesting to note the relationship between bathymetry and 

the deeper structure. The broad bathymetric bulge in the southwest 

, corresponds to the sjlftilar feature in 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 Morphological Features from GLORIA II Sidescan 

and High Resolution Seismic Profiles 

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

9 
•* 
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Figure |j-7. 12 XHs echo-sounder profilea run perpendicular to 
the slope contours, Scotian Gulf area.< 
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and the deep-tow seismic profiles, a number of specific morphological 

features can be recognised. They are shown on Figure 2-8.; 

The GLORIA II survey was run along track-lines A-A*, B-B* and > 

C-G' (Fig, .2-2). A different aspect is presented by each of the 

records, which are shown in Figures 2-9, 2-10 and 27II. The accompanying 

line-drawings are objective representations of features on the records. * 

Occasionally, different features on separate records overlap which 

suggests either some system artifacts are present or that the navigation 

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

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

GLORIA records are best interpreted in conjunction with other data. ." 

In'this study, good bathymetric control and high-resolution seismics are 

used as,control. Several important morphological features have been 

recognised. 

(1) UPPER SLOPE ESCARPMENT 

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 of the 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-B1, the escarpment appears to curve round to the 

south (Fig. 2-10). This is confirmed by the presence of the dis- ~ 
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Figure 2-8. Morphological features of the Scotian Gulf area. 

(a) Upper slope escarpment . 
(b) Zone of high relief hummocky topography 
(c) Upper slope slide blocks » 
(d) Lower slope slide block(s)K 

(e) Large debris flow ' ' * 
(f) Constructional slope channel 
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Figure 2-9. Features t raced from GLORIA p r o f i l e A-A*. 20 second 
sweep gives range of approximately 12 km each s ide 
of t r a c k - l i n e (marked by arrow). ^ 

• . \ J 

/ 
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Figure 2-10. Features traced from GLORIA profile B-B1. 20 
second sweep, starboard record -only. , 
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Figure 2-11. Escarpment feature traced from GLORIA profile C-C 
20 second sweep", starboard record only. 

* s . 
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tinctive scarp on the seismic profiles 1-1* 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 -ox greater and reflectors are discontinuous (Figs. 2-13, 2-14). 

Prominent sub-bottom'reflectors can be traced from upslope of the 

escarpment to beneath the scarp.surface. 

(2) UPPER SLOPE AREA OF SLUMPS AND SLIDES 

s 

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 zon& at the base of the escarpment and Is crossed by 

profiles G-G', H-H' and J-J1 (Figs. 2-12, 2-14). Similar chaotic 

bottom characteristics are generally interpreted as the products of 

slumping and mass-movement-processes (eg. Damuth, 1980; Damuth and 

Embley, 1981). The location, just below the relatively steep escarp­

ment adds weight to the argument for a slumped origin of this rough 
(i / 

topography. • • / 

Within the slump mass and further downslope are a numtfer of blocks" ' 

with positive relief and greater acoustic penetration, showing regular, 

parallel sub-bottom reflectors (eg. c, Figs2-8, 2-14) which are often 

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. ( in back pocket). Line drawings of seismic profi les 
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 profi le at top. 
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13. (in back pocket) Line drawings of seismic profiles 
L-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. 

f 

l\ r 
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Figure 2-14. (in back pocket). Line drawings of seismic profiles 
H-H', I-I*, 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. On the GLORIA II records, a nuober of Irregularly-shaped, 

strong-reflecting areas can be identif ied (see especially Fig. 2-i9J * 

which are l ikely related to the blocks identif ied on the seismic reqords. 

Where they correspond closely to posit ive features on the! seismic records 

or to bathymetric features, they are shown in Figure 2-b (c ) . I t should be 

, re-emphasised that these GLORIA reflect ions may not represent the true 

outlines of the actuai. blocks. 

These features are interpreted as coherent slabs of consolidated 

sediment which have s l id into or with the main slump mass, l i t is not 

clear whether the blocks s l id independently or with the wholle mass, but 

•Be narrowness of the slumped zone suggests that the complexity of • 

feature's observed i s best explained by a number^of smaller slumping 

events rather than one large slump. The slumped zone represents the 

accumulation from these events a t the base o£ the escarpment. 

(3) LOWER SLOPE SLIDE COMPLEX AND DEBRIS FLOW , ,. * 

* Features similar to the blocks described above are also present • 

on the C^OKI* recoto to ttoe ao«fc i , ^ d e p t * rf ?00 to 1200 

metres, (d, Profile A-A', Fig. 2-9). Most of the features- l i e in a 

zone which*ls almost oa ra l l e l to the sh ip ' s track andpust therefore 

be regarded with suspicion as potential a r t i f a c t s . However, t h e , 

features themselves are irregularly-shaped and not oriented pa ra l l e l to 

the* track. •> Furthermore,^ some correspond very closely to bulges i n the" 

bathymetric contours in that area. . * S 



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 distinctive block some 7 km x 3 km size, with a stepped upper 

surface and a very steep downslope termination. The profile is typical • 

of slide masses observed from other slopes (Embley and Jacobi, 1977; 
** * 

Field, 1979; Mullins and Neumann, 1979). The upper end of the feature 

is crossed by the seismic line R-R' (Fig. 2-12) in which the steep 

sides and flat top are very apparent. The record is poor, but uncle-

formed reflectors can be made out within the block. 

Just upslope of this large slide block on profile S-S' 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 in cross-section, 

acoustically transparent and have very small-scale surface roughness, 

resulting in Irregular hyperbolic returns. The feature has the 

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

be associated with the slide blocks along the line of profile S-S', 

being apparently separated by a small distance. However it seems 

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

of source and age. 

'(4) THE MAIN CHANNEL SYSTEM CHANNEI 

Running through the central part of the study area i s a well-

defined channel (Fig. 2-8). ' ^It can, be seen on. one^LORlA-profile 

(Fig. 2-10) and moat seismic profi les (Figs. '2-12, 2-13). In i t s * 

ufcper reaches/*the channel i s clearly incised, wide, (v 1 km) and deep 

• \ •• • ' V 
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Figure 2-15. 12 KHz echo-sounder p r o f i l e S-S' which, crosses a \ 
large s4ide block near S ' . Note the steep toe 
and undulating surface of the block." The convex-up 
prof i le of a large debris fclow (E) is* seen upslope 
of the s l ide block (see P - P V 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. In the midslope region, the channel margins 

are levee-like (L-L', N-N"), but these are difficult to distinguish 
Oh 

unequivocably from uneroded slope or slide-blocks. Only in profile 

M-M' does the channel "margin show the thickening .of the reflectors 

that is 'characteristic of levees. In places, the internal organisation 

of the channel margin is complex with several erosion surfaces being 

apparent (N-N', Fig*. 2-14). Probably, the channel margins are as 

susceptible 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 reflec-i 

tors and strong, discontinuous reflections in the immediate sub-bottom. -

In places, this broad surrounding area could be mistaken as part of,the 

main channel as it has well-defined margins and a flat or very -slightly 

hummocky bottom (Profile N-N', Fig. 2-14). Elsewhere the margins are 

less clear and the bottom more hummocky (Profile L-L', Fig. 2-13). This 

suggests that the surrounding area is not part of the actual channel, 

but is perhaps periodically an area of turbidity current activity. 

The margins of this "flood-plain"-like valley are controlled by slump 

and slide deposits. 

0 
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In the southeast of the area, the channel .decreases dramatically 

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

The profi le becomes V-shaped, (althougii th is may be in par t due to s ide-

echoes) and the surrounding area^Ls again characterised by strong d i s ­

continuous sub-bottom ref lectors near the surface; At greater depth in 

the-~sub-bottom (within 20 msecs) strong ref lectors are common, some of 

which'may be buried channels (Profiles 0-0' and Q-Q1, Figs. 2-13, 2-14). 

Echo sounder'profiles shov)1 that a small channel continues southward out 

of the study area* 
• * • * * * -

From the decrease in channel dimensions and nature of the bottom 

and sub-bottom re f lec tors , i t appears that* t̂ he southeast part of the 

study area is the, s i t e of. substant ia l deposition. This corresponds to 

the area where the contours are deflected northeastward s l ight ly 

(Fig, 2-6) so that the channel encounters a re la t ively steep drop 

followed by f lat tening of the slope below about 900 metres. Deposition 

resulted as the slope f lat tened out and both the seismic p ro f i l e s (0-01 

and Q-Q') and the contours suggest that as the channel s ize decreased, 

a small depositional lobe was bu i l t up. 

* The J.obe has similar character is t ics to the suprafan of a sub-
ft 

marine fan (Normark, 1970), having a broadly convex upper surface with 
• •» 

strong, i r regular near surface ref lectors arid.suggestions of buried 
v 

channels in the subsurface (Fig. 2-17). The dimensions of the » 

lobe, in terms of re l ie f and area, are also similar to suprafans of » 

small submarine fans, eg. Navy Fart (Normark, 1970). A small channel 

„ feature, appears on an echo-sounder prof i le in the verjj south of the 
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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. Line drawing showing d e t a i l of seismic l i n e Q-Q* 
over the depos i t lona l l o b e , Scot ian Gulf a rea . 
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study area,suggesting that the channel now crosses the depositional 

lobe and carries on downslope. 

As mentioned, the location »of the depositional *tobe Is related 

\ 
to the local f lat tening of the slope in the southeast corner of the ' 

study area (Fig. 2-7). Although i t i s possible that this bathymetry i s 

related to a local slump-scar, i t i s more likely the resul t of the 

undulating regional topography which i t s e l f i s controlled by the early , 

Pleistocene sub-bottom units A and B (Eig. 2-5). 

The GLORIA record (Fig. 2-10) suggests that in i t s upper reaches, 

the channel i s fed;from the west by a number of t r i bu ta r i e s . One 

major convergence i s 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 t r ibutar ies i s highly variable and a number of examples are 

shown in Figure. 2-18. ° 

r * ' ' 

On the upper slope, where the topography is very rugged as a 

result of slumping, small channels have developed between large s l ide -

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

Very strong returns from the valley-bottoms, which (allowing for side-

echoes) have narrow, f l a t bottoms, probably f i l l ing an original v-shaped 

prof i le . Further downslope, the topography, becomes gentler, but valleys 

are' often flat-bottomed with strong bottom reflectors being character is t ic 

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

f i l led with sediment. The ,large "tr ibutary" seen on the GLORIA record 
between profiles L-L1 and N-N' i s shown in Figure 2-18,(c). The 

profile L-L' shows a def ini te , sharp, asymmetrical depression, bounded 

V> 

i * 
/ 
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Figure 2-18. Line "drawings from upper-slope seismic* profiles, 
showing details of valleys between slide blocks, 
Scotian Gulf area. 
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on one side by a possible s l ide block and on the other by hummocky 

slumped material . 'Hie near-surface sub-bottom feflectors are d i s ­

continuous and rela t ively strong, especially in the deepest pa r t . 

Tills last-described feature i s d i f f icul t to in te rpre t . The GLORIA 

record does, suggest that i t i s a large tr ibutary which joins the main 

channel a l i t t l e further downslope (Fig. 2-10). However, the valley 

i s clearly related to the sl ide blocks which bound i t and th*re i s no 

seismic evidence which confirms that i t i s a continuous channel. The 

evidence presented above suggests that other t r ibutary channel paths 
i 

arj> con t ro l l ed by slump masses and s l i d e - b l o c k s . This i s probably a l so 

t r u e . i n t h i s l a s t example. Although the channel may not now be a c t i v e , 

i t may have ac ted as a sediment conduit i n the p a s t . 

(5) CONSTRUCTIONAL-SLOPE CHANNEL 

« . 

In t h e west of the study a rea , where the s lope has« been unaffected 

by slumping (Pro f i l e s J - J ' , L -L ' , M-M', F ig s . 2 -13 , 2 -14) , a small con­

s t r u c t i o n a l channel (f) i s p r e sen t . The channel has b u i l t up sub­

s t a n t i a l l y (50 msecs) by levee a c c r e t i o n . Wedging of r e f l e c t o r s b e ­

nea th the p resen t channel suggest t h a t i t was const ructed over a sma l l e r , 

p r e - e x i s t i n g leveed channel . The downslope cont inuat ion of the channel 

below p r o f i l e M-M' i s not known, although a small channe l - l ike fea ture 

i s seen on the west of p r o f i l e P-P ' (F ig . 2-13) . 

» 

y 
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The N a t u r e q £ the Mid-Slope Area; Erosion vs Deposi t ion 
-. - *** 

»The mid^slope area (between 600 m and 1000 m) has a very i r r e g u l a r 

meso-scale topography which i s the r e s u l t of e ros ion and r edepos i t i on , 

, mainly by mass-movements. The main channel d iv ides t he ' s t udy a r e a i n t o * 

two regions whose morphology a re thought t o have evolved s e p a r a t e l y . 
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 

L-L', for example, shows a distinct "zone of removal" (cf. Damuth and 

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

I t i s d i f f i c u l t t o , t r a c e r e f l e c t o r s across the eroded a rea but the 

e ros ion surface*appears genera l ly concave. P r o f i l e M-M' i s s i m i l a r i n 

t h i s r e s p e c t , bu t the hummocky topography i s l e s s s teep and more sug­

g e s t i v e of depos i t ion . Sub-bottom r e f l e c t o r s a re more e a s i l y t r aced 

across t h i s prof i le^and suggest t h a t s u b s t a n t i a l e ros ion has t a k e n ' p l a c e , 

wi th the g r e a t e s t removal from the c e n t r a l p a r t of the p r o f i l e . The 

hummocks, which have a l r e l i e f .of betweeijMkp^and 20 met res , have smooth 

surfaces and are genera l ly t r anspa ren t except for a t h i n region of 

s t rong r e f l e c t o r s a t t h e sur face (Fig . 2-19 a)(. I t i s suggested t h a t 
* ' « ' 

t h e hummocky topography has been modified by subsequent depos i t ion , 
, which smoothed the I r r e g u l a r , eroded su r f ace . r . • 

' Profiles in deeper water, (N-H', P-P', Q-Q') suggest that deposition 

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

1 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 
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Figure 2-19. Line drawings of profiles from the mid-slope area 
(a) erosion dominant (b) deposition dominant. „• 
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hummocks appear JUMprest in places o n a well-defined, near-planar 

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

parent, but some have para l le l or hyperbolic internal reflectors., the 

hummocks In these profiles are interpreted as small slide-blocks and 

slumped masses, deposited af ter removal from the eroded upslope ifegion. 

The large debris-flow/slump-mass described previously in this area is 

seen in profi le P-P*. L \ 

i 
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 shown in Figure 2-20 

are located along the margins of the study area. However, similar 

features can be seen on echo-sounder profiles which run downslope in the 

west of the area (eg. D-D', Fig. 2-8). I t i s likely that much of the 
* s 

meso-topography i s related to these larger sl ides and thei r s l ide scars . 

East of the main channel, the slope shows mainly erosive charac­

t e r i s t i c s (Profiles K-K', L-L*), except where the channel dies out and 

has bu i l t the small depositional lobe (Profiles fi^-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 Scotia^Gulf Area | 

The regional bathymetry and erosion by mass-movements appear to 

exert f i rs t -order controls on the s lopi morphology In the Scotian Gulf 

area, which is summarised In a block diagram (Fig. 2-21). Slumping has 



J 

Figure 2-20. Line drawing of downslope prof i les from,just 
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. 

6 
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occurred on a range Q£ scales Below the steep escarpment located about 

1 km below the shelfbreak. Individual s l ide blocks and alump-massos are 

i r regular and' variable In s ine . In one zone, jutst below the escarpment 

large , discrete blocks with considerable ve r t i ca l r e l i e f (> 40 metres) " 

are ident i f ied. These contrast to the low re l ie f , more tabular s l i de ' 

blocks in the mid-slope and lower slope areas . Q 

Slump and slide-blocks control the meso-scale° morphology. In cross-
L* 

sect ion, the surface of th'e slide-blocks are i r regular . Some In te r -

black areas may have become act ive, continuous channels which supplied 
v, 

the'siain channel system in i t s upper reaches. ,» 
* <? "* 

As the main-channel progresses downslope, i t s dimensions gradua l ly 

dec rease . - This may be the r e s u l t of t h e decrease i n s lope i n the 

' southeas t corner of t h e a r ea . There i s s t rong evidence that! t h e channel. 

b u i l t a smal l depos i t i ona l lobe i n t h i s a rea . This lobe may s t i l l be 

p a r t l y a c t i v e , but t h e channel now crosses i t and continues downslope. 

THE WESTERN BANK AREA* 

*> -

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

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

using Decca Navigation. Figure 2-24 summarises the main morphological 

features of the area identified from these profiles. 

The Western Bank area has a lower relief than most of the Scotian „ 
O 

Gulf area,' and the eastern part is characterised by a flat undisturbed 

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

surfaces are apparent (Y-Y*, Z-Z1). In cross-section (U-U'), these 
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Figure 2-22. (in hack pocket). Line drawings of seisraie profi lea 
U-U', JMT' » T-T* from Western Sank area, lo r 
locat ions, aee Figure 2-3. 

s\ 

%> 



Oft* 4RW' Jp-

Figure 2-23.- (in back pocket"). Line drawings of seismic profi les 
W-W',r3&-X', Y-Y', Z-Z' from Western. Bank area. For 

'_ locations, see Figure 2-3. 

/ • . . 



T — 
« 2 % €2*12 

^g **» ™^ 

sa'oe 

HUMMOCKY UPPER SLOP&. *» 

CHANNEL SLUMP 

EROSION 

SLUMP 
DEPOSITS 

SMOOTH 

SLOPE 

4E"S4 

\ 

Figure 2-24. Sketch map"of morphological features in the Western 
•> Bank area. 1 
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I • 

features have a die tines: cluap-acar raorpliology (::) afid the clupipod 

material (y) eaa bo seen on the profiled further downolope (1MI8, 

V-¥ !) f Ho coherent slide-blocfec are observed In any of die prof i lea . 

The upper slope shews a lo;rs htnExaeky re l ie f with loi7 acoustic 

penetration. The huimaocka are i r regular and the is origin Is ualcncutt. 
o 

, • 

i 
* / l 

In the west of the area, a- Shpiaetre deep Incised channel crosses 

p̂rofile Z--Z'. The up- OK downolope fconclauatioa of the channel cannot 

be documented, buff1 the dimensions of the channel suggest thac it is 

clianael-bottoa ic -reary flat (Z-S')s 

Is bfcrong, suggesting a eoarae fill, 

seen beneath it. Ther fill is probably 

probably a major feature. The 

and although the bottom 'return 

flat sub-bottom reflectors are 

no more than a thin lag layer overlying a near-surface erosion surface. 
( 0 

6 • » 

Unf ortunately, not enough time was spent in the Western'Bank area 

to allow more detailed interpretations. However, the survey does 
a « a 

0 

indicate that the Scotian Gulf] area is vaot aeceosarily typical of the . 

inx£rcanyon areac of the Mova Scotian Slope. Areas of subdued and almost zero relief are also present. 
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COKfElflrOiLARI SEDIMEHT mLWS.CS . 

Transport of sediment across 

- poorly Bidders tood oa Eost confine 

e r i s t for olopeuardo transport of 

1972) and oand-sised material (St 

•Li-Ji-i *jo) 

5V 

the shelfbreal; aad oa ,ulie slope is 

atal snargiaa. Qualitative models " 

both fiae-graiaed aediineiits (UcCave 

anley et al., 1372)s but there has 

been little- success in developing quantitative aodels.| Th«s» it has 

been inpocsible toYdeteralne which of the many possible processes (eg. 

waves, currents, sides, internal waves* see review ia Southard and 

'* ' I * 
Stanley, 1976) are important i a fcliis environment. This chapter attempts 

•^ 1 
an analysis of quanti tat ive feydrograpliic and t e s tu ra l data, to determine 

f i r s t order transport and depositional patterns and processes. The 

major aim was co decide i f . i t i s necessary co invoke catastrophic '-
> 

processes, such as turbidity currents generated at the shelfbreak, or 
t? - -• 

' I » ° 
catastrophic events, such as very large storms with geologically sig­

nificant recurrence intervals,, 
if 

Alternatively, are the textures 

graphic events with a frequency 

to explain the observed textures. 

consistent with transport by oceario-

of hours or months, which can be 

monitored by conventional current meters? 

DATA 

Since December 1975, a. programme of continuous cur ren t monitoring 

has been in progress on the Nova Scotian shelf and slope by B. Petr ie 
i 

I " > 
and P.C. Smith of the Bedford Institute of Oceanography. They have 

i i 
i 

provided access to data covering the two year period, December-1975 to 

http://mLWS.CS
http://if.it


06 

January 1970. Current mater arrays were deployed at shelf9 shelf-

"teeak and slope locations in the Scotian Gulf area (Fig. 3=1) with ' 

individual maters ac near-stii:faec3 aear-bottdb and various infcamadiate 

positions (Lively, .1979)« Temperature and conductivity (sa l in i ty) 

readings were taken concurrently and a l l data were averaged over one 

hourly periods. Only data from the bottom currant meters are*'praoeated 

Here as they per ta ia to boctoa sediEaac Eovesaea'fc. Basic Hearing data 

for the three s i t e s are shown in Table 3-1. The neters were deployed 

at approximately 20 metres above the, seafloor, which in a l l cases was 

within the bottom mired-layer (Table 3-1), as determined .froxa CTB 
a 

"profiles. 
*• 

Bottom sedisent samples were taken with Van Veea and Shipek grabs 

from a ship located by Loran C and satellite navigation in the Scotian 

Gulf and Western Bank areas (Fig. 3-1) .„ Below 500 metres water depth 
f 

in both areas,-gravity-core top samples were used. Recovery <from the 

grab samples was variable. Samples containing substantial amixunts of 

gravel were often relatively small in volume, indicating only shallow 

peiietration. Very small samples and other samples where washout was 

suspected were ̂ rejected on a "qualitative,, basis, so that only" samples 

which could be reasonably assumed to be representative of the feottom , 

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

statistically significant amounts of' the gravel fraction were not 
o 

obtained. Grain size analyses were conducted on the sand fx-aetion 

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

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

samples were analysed by a pipette method. 

• 
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Table 3-1. Mooring data^ for the three current meters used in 
the study. Thickness of bottom mixed-layers e s t i ­
mated _from ver t ica l salinity-temperature profiles 
only. 
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Figure 3-1. Location of surficial sediment samples (a) Scotian 
Gulf (b) Western Bank. Triangles? grab-samples: 
dots: gravity and piston-coresj CM: current 
meter. Bathymetry in metres. 

n 
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CURRENT METER OBSERVATIONS 

, • Q 
, (a) Shelf- * * • . ' . Jf " 

The current meter located 20 metres above the bottom in 170 m_' 

"water (CM-A in Fig. 3-1) shows a general eastwaM drift of bottom, waters 

with a' long period oscillation between northeastward and southerly daily 

motions. Petrie and Smith—(1977) demonstrated1 that oscillations w_ith a 

period of less than ten days correlate with wind stress variations 

measured on nearby Sable Island, and can be directly attributed to 
0 

meteorological forcing. Longer period motions do not- correlate*with • 

wind stress events; their origin is thought to be related to the prop-
a 

agation of topographic Rossby waves (Pe'trie and Smith, 197,7; Louis , 

e t a l . , in press) .-

High current speeds are associated.with wind forced events which 

occur predominantly in the winter months.. Peak daily veloci t ies reach 

- 1 values as high as 60 cm s during the winter, but during summer, they 

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

the recSrd during the winters of 1976 and, 1977 (Fig. 3-2)0 wi th^urrent 

veloci t ies exceeding 100 cm s in a north to northeastward direction. 

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

speed motions are maintained' through at least 100 metres of water 

column. These motions do correlate with, s l ight ly higher wind s t resses ; 

the water at lower depths move onshore (northward) during westerly 

(eastwards) winds. They are probably the resul ts of large-scale water-

mass balancing imposed'on the complex bathymetry of the Scotian Gulf 

area (B. Pe t r i e , pers . comm.). \ 

I 
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Figure 3-2. Current meter records for three stations shown in 
Figure 3-l(a). Readings-were averaged at hourly 

\^y - intervals, (a) Shelf, (b) Shelfbreak, (c) Slope. 
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(b) Shelfbreak and Slope 

** ° 
* "° 

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

(CM-G in Fig. 3-1) are dominated by strong currents parallel to the 

coiftours (Fig. 3-2). Long period reversals of the current are typical 

although net drift is to the west in the Scotian Gulf area as would 

be expected from the water mass distribution, xeak velocities of between 
r -1 . 

30 'and 50'cm s are characteristic of these strong motions at the 
' c' —1 f 

shelfbreak and 15 to 30 cm s on the slope at 700 metres water djipth 
i 

(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 

of the current amplitude. When flow is minimal, the tide can dominate 

the water motions and current vectors fallow an ellipsoidal pattern, 

similar to other tidally dominated seas (eg. North Sea, McCave, 1971). 

Current velocities during these periods are substantially lower, 
-1 * 

generally less than 20 cm s at both locations. 
•> 

ffl <r 

The very strong wind-forced motions, observed on the shelf, do not 

correlate with higher bottom-current velocities either at the shelf-

break or on the slope. Howeyer, strong near-surface currents flow to 

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

GRAIN SIZE DISTRIBUTION 

Methodology 

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



size distributions (Blatt et al., 1980, p. 43 ff)„. Most make the 

assumption that a size distribution closely approximates a Gaussian 

distribution when plotted on a logarithmic size scale. Several moment 
s 

measures around the distribution have been used to measure deviation 

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

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

distinguish several lognormal sub-populations within a single sample 

(Visher, 1969; Middleton, 1976). Others again, however, have suggested 

that the distributions may be better described by combined logarithmic , 

tails (Bagnold, 1937; Brandorff-Nielsen, 19.77: Bagnold and Brandorff-

Nielsen, 1980). 

^ Irf the light of these differing opinions, great care is required 

.when making quantitative comparisons between size distributions, as the 

parameters used may .vary according to the assumptions made. The inter­

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

size distributions were first plotted on Gaussian probability paper as 

cumulative frequency curves (Fig. 3-3). Most curves consist of some 

straight line segments, suggesting approximation to Gaussian sub-

populations. However, in the tail regions, significant deviations 

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 do not 

predict Gaussian behaviour (eg. McCave-and^Swift 1976). Generally, the 

central regions show the best adherence to the Gaussian model. 

V 

Weight proportions for each size class were recalculated from the 
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I 

Figure 3-3. Cumulative grain s ize distr ibutions\of selected 
samples from the N.S. Shelfbreak and\ Slope. 
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cumulative curves where the sieve calibration indicated intervals were 

non-standard. These values were used in graphical dissections of the 

• curves following the method described by Balryntple (1977). Reasonable 

'* • „ - ' 

fits could be obtained in̂  the central regions (Fig, 3-4)", but problems 

were encountered with many of the(tails as expefcted from the probability 

plots. A-second dissection method'Was therefore used. As the central 

subpopulation is almost always the best sorted and the most lognormal, 

it"was extracted first, rather than start at the tails as in Dalrymple's 

methc^U The tails were subsequently replotted' by simple subtraction 
0 

from the lognormal models of the central' subpopulation (Fi:g. 3-5) . 

The only assumptions of this second procedure, thereforeV^are the 

relat ive proportions of the subpopulations ("the same proportions as/ 

the bes t - f i t Gaussian dissections were used) and that the central sub-

population i s near Gaussian. The straight-4l4ne plot of this subpopu­

lat ion suggests that this i s close tS^the t ruth , and when the subpop-

r ulation i s very well sorted, the overlap with other populations i s 

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

^ Gaussian model on either tail,when there does not appear to be any 

jus t i f ica t ion for i t in the probability p lots . However, even forcing 

the Gaussian model onto the central part of the curve is probably 

par t ia l ly in error. For one thing, there i s no direct information on ' 

, the nature of subpopulation overlap. Some of the odd shapes in the 

fine t a i l subpopulations (Fig. 3-5) may be artefacts of the method and 

suggest that the central subpopulation is in fact truncated at i t s fine 

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

k 
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0 °r, 

Size distribution o'f samples from the Scotian Gulf 
area, dissected according to the method of Dalrymple 
(1977), assuming Gaussian subpopulations.' Broken 
lines indicate significant non-fit to Gaussian model. 
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Figure 3-5. Size distributions of samples shown in Figure 3-4, 
dissected by removal of central subpopulation as' 
explained in the text. 
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dis t r ibut ions using minimum assumptions, but the resul ts should not be 

t reated too l i t e r a l l y . 

Interpretat ion of Size Distribution 

Trimodality in sand"samples from various ^environments has been 

recognised i n several other studies (Visher, 1969*; Moss, 1972; lliddleton, 

i 
19/6; Dalrymple, 1977) but agreement ,is not unanimous on the dynamic 

interpretation of the individual subpopulations. Perhaps the most widely 

accepted interpretation of trimodality is that of Middleton (1976), who 

felt thai: the subpopulations represented bedload (coarse tail), inter-

'mittent suspension (central subpopulation) and suspended load (fine 

tail). Essentially, our data support these contentions. The erosion T 
and suspension criteria fox sand size quartz particles have been well 

established experimentally (Fig. 3-6). At the Scotian Gulf shelfbreak 
(250 m) the central subpopulation has a. distinct mode at close to 2 phi 

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

would be capable of eroding and transporting, in bedload, particles a 

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

distribution of the coarse tail', although some coarser clasts are 

present and the gravel fraction is statistically unrepresentative. 

A shear velocity of 2.6 km. s is close to the values obtained 

directly from current meter velocities during maximum conditions, when 

a reasonable drag coefficient (C « 0.003) is assumed (Table 3-2). Using 

the coarse tail of the central subpopulation to give a shear velocity 

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

the order of 5.5 cm s . However* such a method is prone to considerable 
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Table 3-2, Estimates of shear velocity (u) from1 observed currents 
and grain size distributions at the shelf break" and 
slope. Current estimates: "uA(max)" = from maximum 
observed currents; "uA(Av. Max.)" = from estimated 
average of daily maxima. Grain size estimates: "uA = 
w (mode)" = shear velocity obtained using suspension 
criteria (Figure 3-6) and the modal size of the central 
well-sorted population; "UA(a)" = shear velocity from 
Shields criterion (Figure 3-6) using maximum clast size 
(at 1% probability level). 

\ 
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error (Middleton/ 1976; 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 more appropriate to use the mode of the sub-

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

• point whichever method is used. 

The fine subpopulations appear to be strongly asymmetric (Fig. 

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 

above 500 metres water depth. This consistent value corresponds very 

closely to the size of particle that moves directly into suspension 

' when eroded (Fig. 3-6) without a bedloatf"sta!Xj which suggests a de­

positional mechanissm for the evolution-of the separate subpopulations, ̂  

from an original population moving as suspended load. Particles .drop­

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

through a phase of be'dload transport before final deposition, whereas 

smaller sizestwill settle almost passively? directly onto the bed. 

This can have two effects; (a) rates of transport decrease markedly' * 

in the bedload phase, (b) winnowingimay sort size classes in the bed-

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

two subpopulations-duri-ng the depositional stage of sediment transport. 

The decreased transport rate Iheans that over any unit transport distance, 

* bedload material becomes more concentrated as the suspended fines are 

more rapidly transported away. Over a longer period,-winnowing ofithe 

fines deposited along with the bedload, would improve 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 

* o 

the downslope 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 tail subpopulation is signifi­

cant. The undissected curve ofothe 500 m sample still shows a distinc­

tive kink at 3 j$, where, as in coarser samples, passive settling takes 

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 

depth (Table 3-2). 

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

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

better sorted, and (b) the central subpopulation fines to 2.75 phi at a 

shallower depth (200 to 300 metres). The former may represent a dif-
*t e 

t v 

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

Western Bank is°better sorted than sand in the Scotian Gulf. 

SEDIMENT TRANSPORT PATHS 

.Sources 

Distinct downslope trends in the two coarsest populations (Figs, 

3-5 and 3-7) suggest that coarse sand and gravel is derived quite locally 

from the outer shelf. In the Scotian Gulf, sediment textures are vari-

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 area contained a few gravel 
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Figure 3-7. Size distributions of samples from the Western Bank 
area, dissected by removal of central subpopulations 
as explained in the text. 
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clasts in the grab jaws with stiff sandy, gravelly mud plastered on -

the outside of the sampler (personal observation). These textural 

properties and the hummocky nature of the sea bottom in the ar,ea sug­

gest that glacial till is present in the Scotian Gulf. In places, it 

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

gravel lag. The large bottom current velocities^observed in the 
-1 

Scotian Gulf (up to 100 cm s ) would be capable of erosion-of the till, 

even with the protective gravel lag. However, these high velocities 

are always directed onto the shelf and probably result in transport of 

sediment into adjacent ̂ Emerald Basin rather than onto the slope. The • 

currents may9,however, expose and erode large areas of'till and 

partially sorted sand near the shelf edge, which may eventually supply 

the slope. > v „ * 

Conditions on Western Bank are not well known. Most of the bottom 

is sandy (King, 1970) and relatively well sorted. Parts of the bank may 

be relict (King, 1970, 1979), but sand waves and ripples have been docu-

mented.on other areas close-by (Stanley et al., 1972; King, 1970) indi­

cating active sediment transport on"some areas of the banks. 

It is likely that the coarser sand is supplied to the slope from 

relatively local sources on the shelf (Fig. 3-9). Transport probably 

occurs across the shelfbreak only during the more severe conditions of 

strong flow (Fig. 3-2). Fine sand-, on the other hand, is probably 

transported for a much larger proportion of the time, requiring relatively 

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

tentially much less local. Heavy mineral abundances in fine sands 

fl 
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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); c = fine tail subpopulation ("continuous" 
suspension). 

j 



114 

f 

-0 

K l 



suggest a shelf source (Hill, 1979& but cannot be used more exactly 

I ' * 

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

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

whole length of the Nova Scotian outer shelf (Fig. 3-9). 

Transport and Deposition 

The texfural data suggests that sand tfansport is dominantly in 

suspension. However, the detailed interpretation of fhe separate 

subpopulations suggests that different rates of net transport apply to 

each subpopulation. From the current data (Fig. 3-2) and shear velocity 

calculations (Table 3-2), it can 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 essentially along 

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-

size, deposition would be greatest at the point where u*- w (suspension 

criterion, Fig. 3-7), and less efficient bedload transport takes over 

from suspended transport as the primary transport mechanism so that « 

the transport rate for that grain size is suddenly reduced. Thus, 

modal sizes should give a good indication of the local maximum shear 

velocity (Fig. 3^9). ' „ 

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 
-i 

19 
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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 

also contribute significantly to the downslope transport. Settling of 

fines may occur ubiquitously during quiet periods, but can only be 

permanent at a point downslope where the environment is sufficiently . 

quiet to allow accumulation of sediment. ' t 

Effects of Topographic Rossby Waves on the Slope 

The correlation between texturally derived and current derived 

shear velocities is.reasonable and suggests that the textural pattern 

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, 

there are interesting differences between the two areas. Figure 3-9 

shows the position of 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. 

i 

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 
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Table 3-3. Long term averages<of hourly current vectors, indicating 
net drift directions as average vectors (from Lively, 
1979). 

J** 
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„ formed on the slope which have an average period of about 20 days and 

. ** ° • _ 1 

an amplitude in velocity terms of about 10 cm s . The current meters 

at'the shelfbreak and slope of the S-dotian Giilf show the effects of 

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

examined (B. Petrie, pers. comm.). Simple calculations (subtraction / 
- 1 ' • 

of 10 cm s from current velocities in the Scotian Gulf) suggest that 

the shear velocity pattern would be very similar in the two areas if 

the topographic wave effect were removed. The Western Bank area is 

much further away from the map area of eddy generation so that the 

topographic wave effect would be considerably less important here. 

This demonstrates that these results are only locally specific; 

however, the methods used would be usefully employed in other areas. , 

More complex, studies could be attempted if detailed information on bottdm 

boundary layer dynamics and bedforms can be obtained. Sampling remains,0 

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 distribution 

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.' 
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Exactly where depends on three important factors: (i) the dynamic 

conditions at the sediment/water interface and in the ̂ bottom boundary 
\ 

layer, (ii) the settling velocity of the particle, (iii) the floccu-

lation state of the particle in the water column. ^ ^ 

Maximum velocities decrease downslope, averaging 10-15 cm s 

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

* -1 
1979). With a drag coefficient of 0.003, a current speed of 10 cm s 

should maintain particles finer than 6 6 in suspension (McCave and 

Swift, 1976), while coarser particles will be deposited. Size analyses, 

liowever, indicate that particles finer than 6 i> make up a substantial 

proportion of the total sediment at depths much shallower than 1000 

V 
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 floes with higher settling velocities which can thus settle 

and deposit under more energetic conditions. 

McCave and Swift (1976) calculated rates of deposition for various 

particle sizes settling from a dilute suspension. They considered 

both the case of constant concentration (continuous replenishment of 

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

from the generating areawithout replenishment. They suggest that the 

latter may be applicable to shelf-edge suspension and slope deposition. 

The calculations show that for a bottom boundary layer thickness of 

100 metres, the mean residence time of coarse silt (4-5 *&) particles 

<v 
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Figure 3-10. Proportions of various size intervals plotted 
against water depth for (a) the Western Bank 
area (b) the Scotian Gulf area. Note different 
horizontal scales., " » 
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is in the order of 20 days, even at very low current velocities. 

This is "important for two reasons. First, the dominant periods of 

velocity flueuations at 1000 m are much lower than 20 days, although 

major changes in mean flow direction may occur at periods of 10 days 

or so (Petrie and Smith, 1977). Settling from a single suspension 

•event can therefore never continue undisturbed. The process must occur 

in phases of resuspension and partial settling. Secondly, a suspended 

particle can be transported large distances even after it has reached 

a site of sufficiently low energy. 

i 
This last point explains why the proportion of particles larger 

than 6 4 drops off so,gradually below 1000 metres (Fig, 3-10). At * 

1700 metres depth, the bottom sediment still contains 14 /o particles 

of the 4-5 i size range (although slightly less than 50% of this 

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

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

bathymetric 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 deposition on the slope is thus a complex problem. Predictive 

models based on McCave and Swift theory would be possible if the 

detailed structure of the bottom boundary layer could be modelled 

« (in both space and time)'. Advances in our understanding of f locculation 

might also be incorporated 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). 
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This would require detailed suspended sediment sampling from the bottom 

boundary layer. 

Recent submersible dives on the Scotian Slope indicate ubiquitous 

biological activity at the sediment-water interface, including frequent 

signs of active resuspension of sediment by fish and mobile benthos. 

Not only this, but large burrow and mound structures are common and 

create a bottom roughness with tens of centimetres relief. On the 

larger scale of textural patterns, these effects are probably not 
\ * 

significant. However, in terms of the dynamics of sediment deposition, 

the effects of high near-bottom concentrations of suspended sediment 

and increased bottom roughness may be much more significant. , McCave 

and Swift's (1976) theory, for example, is based on low concentrations 

of suspended material in a thin viscous sub-layer. Extrapolation to 

high concentrations over a rough bottom would be very dangerous. 

4 
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CHAPTER 4 

• n- ^ 

STRATIGRAPHY ' , ' 

Preliminary stratigraphic interpretations were made on Nova, 

Scotian slope cores by Silverberg (1965) and Stanley et al. (1972). 

This chapter aims to expand these studies and include chronostrati-

graphic information in the form of radiocarbon dating. In accordance 

with the International Stratigraphic Guide (Hedberg, 1976), a type 

core (11) is designated for litho- and biostratigraphic purposes 

(Fig. 4-1). The chronologic control is given, by radiocarbon dates from 

a number of cores", including the type core. No formal units are defined 

here. 

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,with associated silt, sand and 

gravel beds. 

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

slope from £he Scotian'Gulf area of this study to Sable 

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

from the latter area appears to show the two units, although they 

were not divided as such by him. 
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Figure 4-1. Type stratigarphic core £11) from the Western Bank 

area. 
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Olive £rey bioturbated sandy silt. 

Dart ycllow-trown bioturbaled mud. 

Olive grey sandy silt. 

Dart yellow-crown mud with thin laminae 
and bands of olive grey mud. 

101,5 cm, red-brown lamina. 

Red brown clayey mud. Mainly structureless, 
with occasional fine laminae and 
Ted/grey brown colour banding near top. 

Brown, mainly structureless mud. 

Brown to yellow-brown mud with sulphide 
mottling. 

Brown mud with fine parallel laminations. 

* 
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UNIT 1 

Hie dominant , distinguishing lithology of Unit 1 is red-brown 

to brown mud. Coarser beds are'a*common component, but these are 

very locally developed and cannot be correlated between cores. 

The two end-member mud lithologies (red-brown mud and brown mud) 

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

of the unit iti most cores but it -is completely absent from many cores -

in the Scotian Gulf area. Unit*1 is tentatively divided into two 

sub-units (Fig. 4-1 ) : , 

(b) Upper dominantly red-brown mud sub-unit 
•v. 

(a) Lower dominantly brown mud sub-unit. 

The boundary between the two sub-units i s t rans i t iona l but i s a rb i ­

t r a r i l y taken as where red-brown mud f i r s t appears. 
» 

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 .aire more abundant in the excavated Scotian 

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

sequences predominate. 
V 

UNIT 2 o > 

This unit consists of alternating intervals of olive-grey mud 
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Figure 4-2. Variation in Unit 1 sequence along the Nova Scotian 
continental slope. See Figures 5-1 and 6-1 for key. 
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(subordinate sands) and dark yellow-brown mottled muds. The base i s 

defined as the f i r s t occurrence of the charac te r i s t i c dark yellow-brown 

mottled mud lithology.° Bioturbation i s pervasive throughout the unit 

except in a few coarser-grained beds where laminae are preserved. The 

\ ' ' ' 

unit can be divided into four sub-uni ts : 

(d) Olive-grey sand and mud ' ' 

(c) (Thin) yellowish-brown mottled mud " - , * 

(b) (Thin) olive grey s i l t or mud ' 

(a) (Thick) yellowish-brown mottled mud 

These units are correlatable over the Scotian Slope, from the 

Scbtian Gulf to Dawson. Canyon, .although Silverberg (1965) did not recog­

nize s imilar uni ts off Sable Island Bank. Sub-unit (d) may consist, of 

two beds, a su r f i c i a l sandier bed and an underlying muddy olive-grey 

bed. 

The maximum thickness of Unit 2 in the study areas i s 200 cm. 
» 

The uni t as a whole and individual sub-units vary in thickness over 

short distances (Fig. 4-3). Unit 2 i s often pa r t i a l l y missing i n 
r 

piston-core tops , as a resul t of incorrect se t t ing of the piston-corer , 

but i t generally varies between 80 cm and 200 cm in t o t a l thickness. 

In the standard core, the uni t overl ies a thin red-brown mud of 

Unit 1, but elsewhere i t often overlies coarser-grained or slumped beds. 

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

There i s ja. d i s t inc t coarsening trend within the un i t , in the up­

slope d i rec t ion , the sandy intervals of sub-units (b) and (d) being 

* 

4 
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sA 

Figure 4 - 3 . Unit 2 members (a-d) i n g rav i ty cores from t h e 
Western Bank a r ea . Heavy s t i p p l e : o l ive grey 
sandy s i l t ; l i g h t s t i p p l e : o l i v e grey mud; dashes 
dark yellow brown mud; h o r i z o n t a l l i n e s : brown 
mud (Unit 1 ) . The b lack band i n core 27 rep resen t s 
red-brown grave l ly mud. 
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best developed above 700 metres (Fig. 4-3). The olive-grey sand sub-

uni ts become more dominant and greater thickness variations are ob­

served between cores in the upslope area. 

I 

BIOSTRATIGRAPHY 

Biostratigraphlc control is possible by the use of benthonic fora­

minifera to define assemblage zones." Five cores were subsampled for 

foraminifera, including the type-core (11). Some of the data were first 

presented in an unpublished report (Hill, 1979) where two distinct 

benthonic assemblages were iden&fied in the slope cores. Recent de­

tailed studies of Scotian Shelf fauna by M.A. Williamson and A.A.L. , 

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

Nevertheless, the assemblages remain essentially the same: 

Assemblage A: Trifarina occidentalis - Bulimina aculeata -

Bulimina exilis assemblage 

Assemblage B: Cassidulina crassa - Elphidium excavatum forma 

clavata assemblage 

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

contains a diverse range of benthonic foraminifera, but is usually 

dominated by Trifarina occidentalis. The assemblage is very similar 
• — — — — — — — _ ( 

' to those obtained from surface samples below 700 metres (M.A. Williamson, 

pers. comm.). Assemblage B .contains several species also present in 

Assemblage A, but Trifarina or Bulimina species are absent. It is 

generally less' diverse than assemblage A and in places two species, 

Cassidulina crassa and Elphidium excavatum f. clavata, make up over^ 
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Table 4 - 1 . L i s t of main spec ies comprising foraminiferan assemblages 
A and B. 

\ 
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ASSEMBLAGE A 

TABLE 4-1 

Common spec ies ; 

Other species: 

THfarina oaaidentalis 
Bulimina aauleata v 

Bueeella fvigida 
Cibieides pseudoungezn-anus. 
Fursenhoina fusifomtis 

Elphidium"exaavatum f. alavata 
Cassidulina ovassa 
Nonionella turgida 
Nonionellina labradoriaa• 
Pullenia hulloides 
Sacaatrmtna atlantiaa 
Bulimina exilis 
Glandulina sp. 

ASSEMBLAGE B 

Common spec ie s : Cassidulina orassa 
Nonionellina labradoriaa 
Islandiella teretis J Elphidium exaavatum f. alavata 
Globobulimina aurioulata 

Other species: Nonionellina turgida 
Cibieides pseudoungerianus 
Bolivina spp. 
Fursenhoina fusifomtis 

^ 
*> 
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90% of the total population. \ 

The distribution of these assemblages in the five cores studied 

is shown 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 

to correspond to the lithological boundary between sub-units (c) and 

(b) of Unit 2 (Fig. 4-4). Silverberg (1965) and Stanley et al. (1972) 

recognised a similar faunal change at the northeastern end of the 

Scotian Slope. 

Within assemblage B the proportions of certain species change 

significantly. The two dominant species, C. crassa and E. excavatum 

£• clavata, together make 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 recently drawn attention to a similar transition which appears to 

be remarkably common on the continental shelves of eastern Canada, 

Denmark and Norway. In Vi'lks' 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 

I 
slope. Similar transitions are seen in both the "Scotian Gulf and the 

Western Bank areas (Fig. 4-5). The dominance 6f E. excavatum f. clavata 

\ 
' i 

\ 
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Figure 4-4. Foraminifera assemblages in five cores from the 
Scotian Slope. Left column indicates lithostrati-
graphic unit, fight column indicates foram assemblage 
(explained in text). 
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is greater in the Scotian Gulf area than off Western Bank where CjJ 

crassa is more dominant. However, the sudden reduction in the two 

species occurs close to the Unit 1/Unit 2 boundary in both areas and 

the size distribution of individuals in the samples indicates that the 

benthic faunas are in place, rather than redeposited. 

As Vilks" (1981) points out', a faunal change such as this can be . 

a useful stratigraphic marker provided there is proper 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 extended to the 

shelf edge and then sank below warmer, less-dense ocean water and along 
b a 

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

to glacial paleoceandgraphy in terms of bottom water generation. 

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 

nevertheless appear to have potential biostratigraphical value. 0 

CHRONOSTRATIGRAPHY 

The core sequences can be placed in a 'time framework by the com­

bined use of absolute dating and the correlation of biostratigraphic 

units with other studied areas. 

14 
Ten C dates were obtained from Scotian Slope cores and are 

summarised in Table 4-2. All but* one were obtained from analyses of 
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Table 4-2. List of Carbon-14 dates on Scotian Shelf cores, 
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TABLE 4-2 

Core 

27 

11 

57 

55 

54 

57 

58 

55 "; 

55G 

55G 

I n t e r v a l (em) 

58 

108 -

133 -

80 -

' 150 -

80 -

262 -

18 -

98 -

35 -

116 

149 

100 

190 

100 

291 

39 

110 

57 ' 

Age (y 

5,050 

19,045 

28,000 

18,860 

18,790 

21,355 

28,000 

8,280 

17,450 

9,920 

B.P.) 

± 300 

+ 895 
" 765 

± "860 

± 840 

+ 880 

+2800 
"1800 

±%270 

± 650 

± 310 

Type 

Carbonate 

Org. 

Org. 

Org. 

Org. 
i1 

Org. 

Org. 

Org. 

Org. 

Org. 

C 

C 

C 

C 

C 

C 

C 

C 

C 

Lab No. 

GX-5737 

GX-6398 

GX-7273 

GX-7452 

GX-7453 

GX-7451 

GX-7769 

GX-7767 

GX-7767 

GX-7766 

t> 
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\ 

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, GX-5737). The dated cores are shown in Figure 4-6. 

- Estimates of the proportion of reworked organic material in the date'd 

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

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

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

in the pf"4Plss 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 

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

The 21,355 yr date in core 57 may be seriously in error. The sample 

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

Thus, the younger, overlying sediment may be up to 30% contaminated by 

sediment of infinite radiocarbon age. c 

Most of the piston cores appear to represent at least'20-30,000 

years of sedimentation, thus extending back into the last glacial period.• 

If 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. / 

The boundary between Units 1 and 2 seems to fall between 17,000 

and 20\000 years B.P. (Fig. 4-6). In core 54, the top of Unit 1 

superficially appears to be much younger than 18,000 years. However, 

the sediment immediately overlying the dated section in this core 
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Table 4>-3. Estimated contents of reworked ("dead") carbon in » 

# the dated samples, with potent ia l error in absolute 
ages (courtesy of P . J . Mudie, Dalhousie University). 



TABLE 4-3 

CORE INTERVAL AGE (yr B.P.) ^REWORKED QUATERN- ERROR (yr B.P.) 
AB» PALYNOMORPHS 

55G 

55G 

55 

55 

54 

57 

57 

58 

98-110 

35-57 

17-39 

80-100 

150-190 

80-100 

133-149 

• 262-291 

17,450 

9,920-

8,280 

18,860 

18,790 

21,355 

>28,000 

28,000' 

10 

20 

20 

50 

80 

. 75 

90 

80' 

80Q 

1,500 

1,500 

5,5£0 

• >10^000 

10,000 

-

>10,000 
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x 

a 
Figure 4-6. Carbon-14 dates (yrs B.P.) on cores from the Scotian 

Slope. Date with as ter isk i s unreliable as i t was 
sampled across a possible discontinuity between . 
Uni^s 1 and 2. 
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consists of sands, which were probably deposited relatively rapidly. 

Thus the age of the Unit 1/Unit 2 boundary may, in fact , be quite close 

, t o 18,000 years B.P. as in most other cores. If extrapolated s t r i c t l y , 

the age of the boundary could be as old as 24,000 years B.P. in core 

55, implying extreme local diachroneity. This i s thought ,to be unlikely, 

especially in view of t,he large potential error. I t i s more reasonable 

to consider the boundary to be synchronous within the younger range of 

18-20,000 years B.P. 

* 
Sedimentation rates in the core sequences are clearly not constant, 

\ 

especially in the Scotian Gulf area, as indicated by the numerous vari­

ations in lithology. The one finite date below the Unit 1/Unit 2 boundary 

suggests that the sedimentation rate was generally higher during depo-

sition of Unit 1 than during Unit 2 (Fig. 4.7). This is supported by 

the less obvious signs of bioturbatlon and the more common preservation 

of primary sedimentary structures in Unit 1. 

fr ' 
v- Sub-unit 1 (b) i s often completely absent from cores taken in . 

the Scotian. Gulf area. In some cores (eg. core 57), there are" obvious 

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

sent erosion of sub-unit 1 (b) . However, in other cores (eg. 54 and 55), 

sedimentation of Unit 1 ( a ) , seems to have been continuous un t i l the 

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

28,000 years B.P. 

•v 
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Plot of distance downcore against time from C 
dated core sect ions. Numbers refer to coses (see 
table 1-1). Horizontal error bars refer to 
analyt ical error (see Table 4-2). Vertical e r ror 
bars represent length of core removed for analysis. 
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COMPARlSON WITH SHELF'HTRAMGfAPHY 

Figure 4-8 illustrates the inferred stratigraphic" relationships 

on the slope and compares them to core sequences studied by Mudie * , 

(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 (her core 8). The 

basin-bottom Miore showed an apparently continuous sequence with little 

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 distinctive lithological change from brownish 

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

The cores both show distinctive 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 downwards into a more re­

stricted assemblage (FN) characterised by Islandiella islandica 

(?Cassidulina crassa), 1^ teretis, I. norcrossi, Globobulimiha 

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

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

Carbon-14 dates on core 8 suggest that*there is a sedimentary 

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



152 

\ 
V 

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 f. clavata dominate the 
assemblage. 
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i s further supported by discontinuity of pollen and dinocyst assemblage 

zones i n the core (Mudie, 198Q). The missing section probably repre­

sents the period from 7,700 years B.P. to around 13,000 years B.P., 

thus placing a l imit on the age of the jbrown uni t . The base of core" 20 

i s dated by extrapolation^ at approximately 14,000 years B.P. The 

brown-grey boundary may have been sl ightly time-transgressive, but i t s 

age5 can be estimated a t approximately 12-14,000 years B.P. -from these 

data. This corresponds closely to an independent estimate of the age 

for the Emerald Silt-LaHave Clay boundary (G.Di1 Fader, pers. comm.). 

The FNjjFP assemblage boundary does appear to be time transgressive 

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

occurs.at approximately 11,500 years B.P. while in core 8, i t i s dated 

at less than 7,100 years B.P. This boundary represents the es tabl ish­

ment of modern conditions in Emerald Basin and i t i s not unreasonable 

to expect that these conditions were established ea r l i e r in the more 

s table , deeper parts of the basin than on the shallower margins during 
* 

a marine transgression, ' v* 

The slope sequence appears to correlate quite closely with the 

basin-bottom sequence.(Fig. 4-8). The B/A faunal t rans i t ion occurs a t 

"""around 11,000 years B.P. , very close the age of the FN/FP t rans i t ion 

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

14,000 years B.P. and assemblage Fft does not give way to the res t r ic ted 

Elphidium assemblage. I t i s possible that this assemblage change occur- l 

red as l a t e 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, 

V 
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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. 4-3) . 

PALEQCBAN0GRAPH1C IMPLICATIONS.' 

It was not the intention of this thesis to collect data that give 

direct paleoceanographie information. .However, the faunal data does 

raise some interesting problems on paleoenvironmental conditions. 

Vilks' (1981) explanation of the environmental conditions which 

resulted in the restricted JU_ excavatum f. clavata assemblage requires 

very cold, relatively fresh coastal water to dominate bottom waters on 

the shelf. This is feasible when an ice front is located on the inner 

shelf, melting directly into the ocean. For melting to occur, surface 

waters would necessarily be warmed, at least seasonally. Density con­

siderations suggest that for cold, relatively fresh water to overlie 

the bottom, the shelf waters must either be essentially unstratified 

or have a much reduced surface salinity. This would be possible in an 

ice-margin situation, particularly if external water sources are 

reduced. \ , ° ' - - -

J * V 

The* occurrence»of a r e s t r i c t e d EU_ excavatum f. c l ava ta assemblage 

on the" s lope suggests t h a t t h i s water may have, extended t o the shelf-

edge and sunk "down the s lope beneath ocean,waters* The S~T charac-

t e r i s t i c s of present-day oceanic •watermasses are shown i n Figure 4-10. 

t 
Both surface slope-water (C) and deeper s l ope water (E) have q u i t e 

high dens i t i e s (a t * 27-27.5) . The s a l i n i t y required for very cold 
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water (-2°C) to have excess density re la t ive to modern slope water i s 

in the order of 34-35 /oo. I t i s possible that mixing of the coastal 

water with offshore watermasses.quickly reduced the sa l in i ty across , 

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

more brackish water. Vilks • explanation for the res t r i c ted ljU_ excavatum 

^* elavata assemblage requires substantial ly reduced sa l in i ty (<32 °/oo 

i s implied; Vilks 1981, Fig. 14). To allow water of th is sa l in i ty to 
c C 

sink down the slope, the slope watermasses would need to be less saline 

and/or much warmer. It has been suggested, by ?illon (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. However, there is no evidence from 

planktonic foraminiferal assemblages for warming of the surface water 

over the slope (Hill, 1979). 

Another important factor in the paleoenvironmental interpretation 
* 

is relative sea-level. Estimates of' the last glacial reduction of 

sea-level in the Scotian Shelf area range from 110 metres (L.H. King 

and G.D. Fader, pers.- comm.) to 50-70 metres (G. Quinlan, pers,. comm.). 
J & ' / 

One effect of a reduction of sea-level would be to expose large areas 
* * i 

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

metres and 70 metres lowering of sea-level are shown in Figure 1-9." " 

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

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

couldchave important oceanographic effects . 

* * • 
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An important process governing the dis t r ibut ion of shelf 

watermasses i s cross-shelf mixing between cold (-0.5 to 2°C) sub­

surface water from the Cabot S t r a i t and warmer (10-14°C) slope water in 
- « 

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

1978). I f th is mixing i s prevented or greatly r e s t r i c t ed , the cold 

Cabot S t r a i t water would protrude further across the shelf. Only in 

the Scotian Gulf area might cross-shelf mixing be s ignif icant . The 

effect of this very cold (and re la t ive ly brackish (see Fig. 4-10)) water 

would be to reduce the amount of ice-margin melting and enhance the l ike- ' 

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

where even surface water mixing would be dras t ica l ly reduced. 

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

to slope-water a t about 200 metres depth and i s thought to be efflplaced 

into the basin during winter storms when slope water intrudes onto the 

shelf (Houghton e t a l . ,^1978; Petr ie 'and Smith, 1977). Modern con­

ditions were established around 11,000 yea^rs B.P. and presumably, the 

reduced saa-level prevented the intrusion process before that time. 

* / 

In summary, although 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 of̂  salinity less than 34 °/oo could not sink below 

the oceanic watermasses to form a bottont-water on the slope. It may be 

that other environmental parameters not considered here are more im~ 

portant controls on the fauna. High sedimentation* rates during" glacial,. 
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4-10. Salinity-temperature diagram with superimposed 
density (a ) i so l ines . C =* surface slope water 

E a= .Labrador Slope Water, B * Maximum density of 
* water suggested by Vilks (1981) for assemblage 

w^th Elphidium excavatum f. clavata predominant. 

* 
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periods, come to mind as one poss ib i l i ty . Cross-shelf mixing and 

slope water intrusions are important modern processes which nay have 

been prevented by reduced sea- level . This wtfuld have lad to consider­

ably colder shelf waters and probably seasonal ice~coTOr| on the 

Scotian Shelf. 
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CHAPTER 5 

ARGILLACEOUS 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 summarised in Figure 5-1, and typical textures shown in 

Figure 5—2. Textures are classified according to Shepard's (1954) 

nomenclature. 

FACIES 1: Mottled mud 

This facies incorporates a range of mud textures from silty-clay to 

"sandy silt. Its distinguishing characteristic is a patchy ,or mottled 
•a 

appearance. The facies often appears homogeneous on visual inspection, 

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

burrow structures can be seen (Fig. 5-3). One common biogenic trace" is 

^identified as Zoophycos (c.f. Chamberlain, 1978). .It consists of 

parallel-sided, subhorlzontal burrows, often with crescent-shaped back­

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

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

*v -
^FACIES 2; Parallel laminated mud 

• '" • ' •— • A 
i ^ • 

s 

This facies. consists of muds with even, horizontal laminations which 
< , • m • 

reflect a distinct grain size"contrast between laminae (Fig. 5-4). The 
r i 

individual laminae vary in thickness from thin tq very thin (nomenclature 
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Important characteristics of the argillaceous facies 
(1 to 5). Left column gives symbols for each facies 
as used on core diagrams (Figs. 7^4 to 7-8). Ice-
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. 

V 

*> 



DESCRIPTION . INTERPRETATION 

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

Henipelagic mud- deposited fro* 
non-catasrophic processes. 

Mud-*ith very thin to thin 
pa£gll)el laminae. 

Turbidite mud, E-, division 
of Piper (1978)/ 

Wispy laminated mud with 
indications of ripple-drift 
cross lamination. 

Hemipelagic mud deposited fjcom 
slow but heavily loaded current 

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

Turbidite mud, E» division of 
Piper (1978), A 

Graded sandy silt to mud 
couplets. 

Turbidite deposit. Bouma D and 
E divisions. 
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Figure 5-2. Representative cumulative grain size distributions 
for the fine-grained facies (1 to 5). 
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Figure 5-3. Representative x-radiographs of Facies 1 bioturbated 
muds. 
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Figure 5-4. Representative x-radiographs of Facies 2 parallel 
laminated muds. 
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* 

of Ingram, 1954) and coarser laminae may be closely or widely separated. 

by finer miid' (Fig. 5-4). Laminae of the first type are generally 

sharper while those of the second are less clearly defined on X-radio­

graphs (Fig. 5-4).' In some cases, Facies 2 mjuds form fining upwards 

units (Fig. 5-4X,' although the same laminated lithology occurs in un­

graded beds of varying thickness. Bed boundaries,may°«be poorly defined;, 

the facies often grades into o,ther facies at both „upper and lower 

boundaries. 

FACIES 3: Wispy-laminated mud . 

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

facies. Individual laminae are non-parallel,^often showing micro-cross 

lamination, giving the mud a general wispy appearance in X-radiographs 

(Fig. 5-5). These structures are best, seen in-X-radiographs of thin 

slabs, although they are detectable in thicker sections. The facies 

may show distinct colour banding 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~tSiick« 

FACIES 4: Homogeneous mud 

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

placed in 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. . 
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Figure 5-5. Representative x-radiographs of Facies 3 wispy-
laminated muds. " 
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Figure 5-6,. Representative x-radiographs of Facies 4 homo­
geneous muds. 
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FACIES 5: Graded s a n d y - s i l t and mud couplets 

This very d i s t i n c t i v e f a c i e s c o n s i s t s of b a s a l sandy or s i l t y 

u n i t s which f ine upwards i n t o muds (F ig .5 -7 ) . Ind iv idua l couplets 

range from 0.2 to 5<0 cm i n thickness and have sha rp , of ten e ro s iona l 
i t 

bases! (F ig . 5-7) . The s a n d y - s i l t beds are genera l ly poorly so r t ed and 

may be l enso id or d i scont inuous . S i n g l e , i s o l a t e d couplets are some­

times p a r t l y destroyed by b i o t u r b a t i o n . The brown/grey graded u n i t s 

are sometimes over la in by red mud to form d i s t i n c t i v e bed t r i p l e t s . The 

red mud i s genera l ly homogeneous«or mot t led . . s 

MUD TYPES. SOURCES AND TRANSPORT PAlfes 

Mud on the Scot ian Slope a l s o shows q u i t e d i s t i n c t i v e colour 

v a r i a t i o n s by which t h e main s t r a t i g r a p h i c u n i t s (see Chapter 4) are 

d i s t i ngu i shed . There i s a continuum of mud*colours, from ol ive-grey to 

red-brown, but four l i t h o t y p e s have been d i s t i ngu i shed : 

(a) o l ive-grey (5Y 3/2) 

(b) dark yellow-brown (10YR 4/2) 

(c) brown ( 5 Y R ( 3 / 4 ) 

(dT red-brown (10R 4/6) . / 

The composit ional range of these mude i s small (F ig . 5-8) and 

ind iv idua l mud-types have g r a d a t i o n a l , overlapping f i e l d s . The sand 

f r ac t ion of "olive-grey muds i s c h a r a c t e r i s t i c a l l y r i ch i n amphiboles 

and pyroxena>s with respec t to opaque mine ra l s . X-ray d i f f r a c t i o n shows 
v 

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

«s 
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Figure 5-7. Representative x-radiographs of Facies/5 silt/mud 
couplets. 
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Heavy minera l , clay mineral and chemical compositions 
of o l i ve -g rey , dark yellow-brown, brown and red-brown 
mud*types. Clay mineral p ropor t ions ca lcu la t ed from 
area of peaks on X-ray d i f f r ac t i on , p a t t e r n m'ult ipl ied 
by an in tens i ty , f ac to r (see Carver, R.E. (1971) 
Procedures i n Sedimentary Pe t ro logy , Wi ley- In te r sc ience , 
New York, p . 548-551). 

t 
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(in the < i 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 heavy minerals. They" contain less than 10% montmorillonite aid 

haye high total iron contents.5fctf)ark yellow-brown muds have heavy / 

mineral, clay mineral and chemical compositions intermediate between olive 

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

colouration suggests that the latter is not merely a reflection of oxi-

dation state, but of primary iron content. 

StJk (1977) recognised similar compositional differences in mud 

lithologies on the Laurentian Fan and adjacent continental rise. . ' 

Particularly^ he noticed a relatively high" montmorillonite content in, 

his olive-grey facies, and following Biscaye (1964), suggested a northern 

source for the mineral. Recent data on the clay mineralogy of Nova 

Scotian tills (G. Camp, pers. comm.) include samples with up to 25% 

montmorillonite»in the '2 ufraction. The distribution of montmorillonite-

rich tills on tl̂ e 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 montmorillonite 

derived from Mesozoic or Cenozoic coastal plain strata. 

\ 
Heavy mineral data shows a broad similarity between outer shelf 

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

on the shelf .are complex (James, 1966) and the shelf mineralogy southr 

west of.Sable Island Bank has not been studied in detail. However, 

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

surface muds with the surficial bank sands (see Chapter 3), it is likely 

that the olive-grey muds are in large part derived from the adjacent 
* - \ 

outer banks. 

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

over the shelf area including inshore areas (Piper et al., in prep.) 

and mid-shelf basins (Mudie, 1980).* Piper et al. estimate that 

approximately 50>of mud-sized sediment is lost from the nearshore zone. 

Much of this probably accumulates in the mid-shelf basins but the net 

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

possible that a proportion of the total modern supply of 

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

sources. 

The brown and red-brown muds are similar to muds described by 
a « 

many workers in the eastern Canadian offshore region. Red muds are 
e 

seen as far north as the Northeast Newfoundland Shelf (Dale, 1979), on 

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

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

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

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 

the continental rise as far south as the Bahamas. The source of the ' 
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"red" sediment south of the Grand Banks is generally agreed to be the 

Gulf of St. Lawrence where Triassic and Carboniferous red-beds outcrop. 

Detailed mineralogy and chemical analyses also /suggest a partia^-

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

On the Scotian Slope, the brown and red-brown muds are broadly 

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

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

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

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

* Carboniferous palynomorphs are found in brown, red-brown and dark ' 
•* 

yellow-brown muds of the Scotian Slope, but rarely in olive-grey muds '9 

•V "J 
(P.J. Mudie, pers. comm.). 

v M o 

However, the Carboniferous basins of northern mainland Nova Scotia 

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

along the eastern and southern shore are largely derived from these 

sources (Nielsen, 1976). The Gulf of St. Lawrence and mainland Nova 

Scotia sources of red mud are probably indistinguishable mineralogically 

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

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 outer margin in the 

Laurentian Fan area (Stow, 1977; Alam, 1979). Transport along the 

slope by the paleo-Labrador Current could then have acted to supply 

the more southerly parts of the slope", either in a surface plume as 
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^suggested by Alam (1979) or in" the bottom turbid layer. 

A second route involves glacial transport of red sediment across 

mainland Nova, Scotia, followed 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 interpreted by Nielsen (1976) as lodgement till while the 

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 

of Nova Scotia and the Gulf, then transported across Nova Scotia before 

being deposited by melt out at the edge of the ice sheet. King (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 

original interpretation that the moraines represent the edge of the 

late Wisconsinan ice sheet. Certain nearshore basins contain several 

metres of red, mud overlying glacial outwash or till deposits $x$ex 

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

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

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

face water suspension, Mudie (1980) presents some data which'supports 

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

cores (mentioned in Chapter 4) were collected from Emerald Basin, one • 

from the deepest part (Mudie1s 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 stratigraphic level (prior to 18,000 yrs. B.P.), 

X 
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the basinal core contains Only grey mud. Marine palynomorph and 

foraminiferan assemblages indicate somewhat different paleo-oceanographic 

conditions at the two sites during the same late deglacial peri.od (Mudie 

1980). Basin margin assemblages indicate, a relatively stressful bottom 

environment with turbid,and relatively^ low, salinity surface waters. 

In contrast, the benthic assemblage of the deep basin indicates that 

more normal marine water formed a deep bottom layer in the basin. ° 

Although these 'cores do not penetrate below about 15,000'yrs. B.P., 

there is some evidence that a low-salinity surface-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. f 

With evidence for surface water transport of brown sediment across 

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

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

the ,outer banks means that supply may have been res t r i c t ed to the 

slope south of Sable Island Bank. However supply from the mouth of the 

Laurentian Channel was probably substant ia l (Alam, 1979) and sufficient" 

to contribute sediment to the slope for some distance south. The 

Gully may also have acted as a local supply conduit to the slope. 

Whichever route was most important, the sediment must have been t rans­

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

front source before reaching the slope. This may explain the re la t ive ly 
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fine-grained nature of the mud compared to the more proximally derived 

olive-grey mud (Fig. 5-2) .. 

The dark yellow brown mud was probably derived from both outer 

shelf ana\ ice front/nearshore sources as it shows an intermediate com­

position in all the characterising parameters (Fig. 5-8). In several 

cores, the'brown and olive-grey} litHologies are- seen interbedded on a 

fine scale. It is not clear whether the sediment from the two sources 

are mixed durinĝ  transport in suspension, ox by bioturbation after 

deposition. ~~ 

RATES OF SEDIMENT SUPPLY AND DEPOSITION 

. 0 

(a) .Olive-grey •sediment * . 

The s u r f i c i a l o l ive-grey mud un i t has accumulated a t an average 

' - 1 * - 2 - 1 -
r a t e of 5 cm ky ( F i g . ' 4 - 7 ) , or by weight , 11 g cm ky . Using*a 

4 2 
s lope a r ea of 3 x 10 km , t he requ i red supply of mud t o the s lope i s 

c ' 1 5 —1 * 
.approximately 3 .3 x 10 g ky . This value can be compared t o r a t e s 

of -supply from c o a s t a l and ou te r bank sources . 

P i p e n f ^ t j a l . ( i n p rep . ) e s t ima te the loss of clay from the c o a s t a l 

9 - 1 zone of Nova Scoti^ufrom Lockeport to Peggy's Cove t o be 10 g y 

(which e x t r a p o l a t e s t o . 10 g ky" ) . The supply from the whole c o a s t a l 

12 - 1 

zone would be 3 jpp 4> t imes h i g h e r , say 4 x 10 g ky . Much of t h i s 

load would be l o s e i n t r a n s p o r t across t h e she l f anyway, but i t can be 

seen t h a t the con t r ibu t ion of coas t a l l y derived sediment i s probably not 

; s ignif icant . 
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4 2 Supply from the outer banks (an area of 6 x 10 km ) can be 

calculated by assuming winnowing of sediment containing 1% s i l t and 

4 clay? A cubic metre of -sediment eroded would thus supply 2 x 10 ' g of 

mud, so erosion of one metre over the whole bank area would supply 

15 - - 1 

1.2 x 10 g of mud. An erosion ra te of 1 m ky on the outer .banks 

v^ would therefore approximately 'meet the supply requirements for the 

— slope. Ae^air order of ̂ magnitude estimate, th is calculation demonstrates 

that supply from the outer shelf could account for a l l the slope mud 

in the olive-grey surface un i t . The 1% mud value used for the outer 
- - * 

banks i s probably conservative as several areas of 4ĵ ie outer shelf 

(eg; the Scotian Gulf) appear to have t i l l (with mud content perhaps 

as high as 50%) outcropping at the surface and being actively eroded 

(submersible observation). An erosion ra te of 1 mlSto i s at leas.t a t a 

reasonable order of magnitude, although no estimates of Holocene erbsion 

rates have been published for the outer banks. } 

(b) Red-brown sediment y 

Estimates of ice-margin sediment supply are very poorly constrained. 

Several factors control the sediment supply ra te from ice sheets (piper, 

1976); 

(i) t w rate of continental erosion, i t s e l f dependent on 

re l ief , rock-type, climate, glacier temperature and the overland 

extent of the ice sheet. 

( i i ) thermal s t ructure of glaciers"and ice-shelves; whether * 

wet or dry based. 

f\ 
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(iii) the size of ice she'lves" which limits basal melting or 

> • Q 
freezing as well as surface ablation or accumulation. 

(iv) sea and associated a i r temperatures at the ice margin 

Direct metftbds of estimating Wisconsinan supply rates are obviously 

not available and reasonable analogies are not available in the modern." 

The melting of a temperate lat i tude ice margin during the Wisconsinan > 

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

" - 1 ' 
Erom the average slope sedimentation rate of 10 cm ky (Fig. 4-7) 

15 for the Wisconsinanr the supply rate to the slope would be 6.6 x 10 g 

ky . If a Nova Scotian ice-sheet were to supply a l l of th is sediment, 

the actual ice margin discharge would be expected to be at leas t ,an -
0 

order of magnitude" higher, due to sediment deposited on the shelf and 

16 -r 
beyond the slope. Thus a value approaching 10 g ky might be 

if* 
expected. This rate is comparable to the discharge of moderately large 

rivers such as' the Eel of the western United States (Holeman, 1968). 
2 * The Eel has an upland drainage area of approximately 8000 km compared 

2 • 
to the ̂ ower relief 40,000 km of Nova Scotia. Thus, the supply value 

does not require inordinate rates of erosion. 

% It seems likely, therefore, that a Nova Scotian ice-sheet could 

supply a sufficient volume of sediment to account for the observed 

rates of deposition on the Scotian Slope". However many factors ara 

involved in the erosion, transport and supply of sediment to the ice-

margin, even before marine transport processes are involved. The 

calculations suggest that supply from other sources (eg. Laurentian 
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' Channel) need not be involved to explain sediment supply to the slope, 

but as has already been discussed, some supply from other sources i s to 

be expected.^ • 1 

\ ". .y 
FACIES ASSOCIATIONS 

In order to assess the significance of fine-grained facies associ­

ations and to "aid interpretation of the individual facies, a Markov 

* sequence analysis has been applied to the slope core sequences. The 

r 
method is described in Appendix 1 with the various intermediate matrices 

generated during the analysis. The final difference matrix (Table 5-1) 

highlights the statistically significant transitions between facies as 

positive values. Those lower than 0.05 cannot be considered significant 

(Cant and Walker, 1976)". 

Figure 5-9 shows the original, observed facies relationships in 

the form of a flow diagram and is compared to the preferred relation­

ships derived from the Markov chain analysis. The latter suggests that 

two facies associations can be separately identified, one consisting of 

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

Facies 2, 4, 5: Tttrbidifce Association 

The analysis shows the close association between silt/mud couplets 

of Facies 5 and muds of Facies 2 and 4 (Fig. 5-9). The dominant 

f 
sequence is a fining upward sequence from the silt mud cduplets (Facies 

' c 
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Table 5 -1 . 'Difference matrix, Markov sequence analysis of f ine 
grained sediments. 

r 

V 

/ 
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TABLE 5-1 

DIFFERENCE MATRIX 

«> 

- 0 . 3 4 0.32 - 0 . 1 1 

ft." f 

». 

2 -0.22 0.01 0.20 

0.31 4. 30 
* 

4 -0.42 0.43 

0.31 -0.17 -0.13 

9+J0-r 
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ORIGINAL. 

> s 

2 . — 

PREFERRED 

Figure 5-9. Facies sequence analysis. Top: original observed 
' facies transition (numbers in brackets indicate number 
of observed transitions); bottom: preferred facies 

/ transitions from Markov analysis.^ 

* 
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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 y 

visual .examination of cores (Fig. 5-10). 

(a) Multiple silt/mud- couplets. 

* (b1) Complete sequences of silt/mud couplets, parallel laminated 

mud and homogeneous mud.r \ * / 

I « y 
(d) Parallel" laminated mud with slightly coarser basal silt , 

laminae and homogeneous mud. , I 

Type (a) sequences are not recognised in the Markov analysis be­

cause duly gradual transitions were Included. Type (c) sequences often 

consist) only of Facies 2 units, with the slightly,coarser base allow-

ing identification of individual units. Such distinctions can some­

times »be made only in X-radiographs. 

The general sequence recognised here is very similar to the , 

standard sequence proposed by Piper (1978) for turbidite muds and silts 

(Fig. 5-10). .The basal part of Facies 5 is equivalent to a Bouma D 

division. Piper's "model includes three subdivisions of the Bouma E 

division: El laminated mud, E2 graded mud and E3 ungraded-mud. 

Subdivisions El and E2 are equivalent to Facies 2 of,this study and 

E3 is equivalent to Facies 4. 

In" general, then, this association of facies is interpreted as 

of turbidite origin. The different types of structure represent * 

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

N £ > \ 5 

4 

2 

(h) (c) PIPER (1978) 

Typical turbidite mud sequences observed in slope 
cores. Piper's (1978) model sequence for fine­
grained turbidite in right-hand column. 
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are no distinct downstlope trends in the distribution of facies, so 

the sequence-types are more likely related to proximity to a turbidity-

current channel. They are similar to turbidites interpreted as over-

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

Although the graded sequences strongly favour a turbidite origin 

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

-/ 
preted as such. "Muddy contourites" as described by Stfow 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 <yirrent0velocities (Chapter 

3) are certainly sufficient to transport the fine sediment and dy- . 

namically sort the silt and mud laminae by either Stow and Bowen (1980) 

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 turbidites and contourites. 
* 

The sequence analysis suggests that the wispy-laminated mud 

„(Facies 3) might make up 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 laminated mud (Facies 

2). Stow (1977) in a detailed analysis of muddy turbidites, suggests 

that a wispy-laminated division can occur between divisions El and E2 of 

Piper (1978). 

There, have been very few studies concerning the dynamics of fine 

sediment movement and the resultant bedforms. One atudy of interest to 
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this problem (Banerjee, 1977) includes -data on relative current speeds 

' (absolute values were considered only rough approximations by Banerjee) 

i 

and rates of deceleration. In this flume experiment, Banerjee (1977)'' 

generated two ripple forms. t At moderate to slow decelerations of the 

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

lamination w|th preservation of steep foreset laminae. At lower speeds -

" during very slow decelerations, lower amplitude sinusoidal ripples or 

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

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

in coarser sa4ime.nts. They interpreted a transition from sinusoidal 

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

of suspended to traction load. 

It is difficult to dlassifV^ the wispy laminae of Facies 3 from 

narrow core samples, \Lnto any/Specific category. ' However, there are 

indications of ripple-drift in the form of upbuilding of the ripple forms 

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

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

i?dlatively slowly decelerating current. , 

In Banerjee's (1977) experiments, even slower flow speeds resulted 

in.deposition of a structureless mud blanket. The homogeneous mud 

facies represents this low-flow speed condition. Stow (1977) and Piper 

(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 conditions. In 

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

file:///Lnto
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Figure 5-11. { Wispy laminae^ of Facies 3 with l ine drawings "to 
I l l u s t r a t e possible r ipple-dr i f t cross-lamination. 
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interdependence 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 

The transition analysis indicates a close relationship between 

the mottled muds of Facies 1 and the wispy laminated muds of Facies 3. 

Transitions from one facies to the other are common in both directions. 
o 

There are generally no textural changes across these transitions; the 

main change is in the preservation of sedimentary structures. Facies 1 

muds are clearly bioturbated to the extent that all primary structures 

A 
have been destroyed, whereas patches of udMiturbed sediment usually 

reveal the character is t ic Wispy lamination of Facies 3 (Fig. 5-3). 

Bioturbated muds on continental slopes are generally interpreted 

to resul t from hemipelagic sedimentation (Doyle and Pilkey, 1979) as 

they ref lect re la t ively low rates of sedimentation and contain much 

planktonic biogenic sediment. The close two-way association of these 

bioturbated mudsNwith wispy laminated muds suggest that the i r respective 

depositional processes are also related. The preservation .of sedimen­

tary structure is«the only discernible difference between the two facies , 

suggesting that the rate of deposition may be the only difference in 

process./ The indications of r ipple-dr i f t in the wispy-laminated facies 

supports the idea of a high sedimentation r a t e . Thick units of wispy-

laminated muds are res t r ic ted to Unit 1, when generally higher sedi-

mentation rates are observed (Fig. 4-7) and predicted from sediment 

supply estimates ( th is chapter). 
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Differences in textural trends between olive-grey and brown 

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

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

downslope fining trend from sandy s i l t at 500 m' depth to s i l t y clay 

below 1000 metres. Dispersal of fine sediment into deep water i s not 

well understood. Pierce (1976) summarised the various mechanisms that 
- l 

have been proposed (Fig. 5-12). 

Apart from Moore's (1969) density-flow model, which i s largely 

discredited by Pierce (1976), a l l the models use some combination of 

l a t e ra l transport in a mid-depth or bottom turbid layer and se t t l ing r 

in to the bottom turbid layer (or nepheloid layer) . Variations in 

oceanographic conditions dictate that a sedimentation model of th is 

type should be locally specific. On the Scotian Slope, mid-water 

turbid-layers are not l ikely to be present below 100 metres, as the 

density interfaces are not 'available. This s i tuat ion would not have 

been radically different in the l a t e Wisconsinan, at least above 1000 m. 

Thus l a t e r a l transport across the Scotian shelfbreak must be in ei ther 

surface of near bottom turbid layers. * ~ 

Surficial"olive-grey muds have been interpreted in detai l i n ' 

Chapter 3. Sediment i s suspended at the shelf-edge, transported mainly 

in the bottom boundary layer and deposited at a distance from the shelf 

edge which is determined by the se t t l ing rate and i n i t i a l concentration 

of the par t i c le s ize and by the dynamic conditions at the depositional 

s i t e . Transport in the bottom boundary layer i s likely as the i n i t i a l 

suspension occurs 'at the bottom and dis t inc t high-turbidity zones (at 
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density interfaces) are probably absent. The possible role of slope 

channels in this process is discussed i% Chapter 7. 

Red-brown and brown muds of Facies J. and 3 are finer-grained 

and do not show a distinct downslope fining. These muds were^intro-

duced to the slope from more distal sources on the inner-shelf or 

along' slope. Because much of the sediment transported in the bottom 

-M layer woû ld have been trapped in mid-shelf basins (or in the Laurentian 

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

ported to the slope in the surface turbid layer. 

/ 
/ 

* * 
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CHAPTER vfi 

ARENAtSQUS AND RUDACEOUS FACIES 

Although coarser-gra ined sediments, make up only 30% of the 

recovered core, i t i s quite l ikely that they are under-represented by 

. the sampling. Several cores (see Fig. 7-3 , next**hapter), bottom 
1 * 

i n sand or s t i f f gravelly, sandy mud which probably prevented further 
. «. 

penetration. Several core barrels were bent during coring operations 

indicating hard bottoms, either of eroded, indurated mud or of sand, 

and on the upper slope, above 500 metres water depth,- coring was im-

. possible. The main characteristics of, each facies are summarised in 

Figure 6-1. Surficial sandy facies are not described here as no in-
**» OAF*8" 

formation on bedding or primary structures is available. . 

FACIES 6: Thick-bedded medium sandV 

The, dominant character is t ic of th is facies , is that i t occurs in 

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

however, indicate that there i s significant variation in grain-size 

through the^hick beds (Fig. 6-3). This suggests normal grading and 

tha t the thick beds may be composites of more than one sedimentation 

uni t . Most of the sands are well-sorted (Fig. 6-3) and have an olive-

grey colour similar to su r f i c ia l sands. The exception to this l a t t e r 

character is t ic i s -the bed at the base of core 2, which i s d is t inct ly 

browner. This bed is overlain by brown mud, Indicating" a low s t r a t i -
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Figure 6-1. Important characteristics of the arenaceous and 
j rudaceous facies (6-10). Left column gives symbol 

for each facies used on core diagrams (Fig.» 7-4 to 
7-8). 
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DESCRIPTION 

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

Massive, gravelly sandy mud 
with shatp tops and"bases. 

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

INTERPRETATION 

Channel-fill turbidite. 
Bouma A divisions. 

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

Turbidite, ?Small local flows. 
Bouma C and D divisions. 

Debris flow deposit. 

Slump deposit. 

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. 
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t Figure 6-2. Occurrence of Facies 6 thick bedded, sand units in 
three piston cores;*cores 2 and 62 from the upper 
slope, core 50 from the main channel. 
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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 p o s i t i o n wi th in Unit 1. The t h i ck sand beds i n cores 50 

and 62 which a re d i r e c t l y over la in by Unit 2 muds are probably younger. 

FACIES 7; Thin-bedded $and 

This fac ies cons is t s of t h i n (2 t o 20 cm thick) beds of we l l - so r t ed 

sand with sharp bases and tops . Gra in-s ize ranges from f ine t o medium 

sand (F ig . b-4 ) with mud making up l e s s than 10% of the sediment. Most 

beds do not show s i g n i f i c a n t s i ze -grad ing except i n two ins tances i n 

core 54. Sedimentary s t r u c t u r e s are general ly absent , but some beds 

show d i s t i n c t p a r a l l e l laminations. (Fig. 6-j)» Size analyses through 

these laminated uni t s suggest t h a t the modal s i z e va r i e s by 0.5 & 

a t the most between laminae (Fig , 6-4)-

The sands are exclus ively o l ive-grey and c lose ly resemble she l f and 

upper-slope sands of t h e same s i z e . The heavy mineral composition of 

a s i n g l e sample from t h i s fac ies i s compatible with a l o c a l she l f source . 

FACIES 8: Thin- to medium-bedded muddy sand 

a 

A r a t h e r v a r i a b l e range of beds comprise t h i s fac ies whose domi­

nant c h a r a c t e r i s t i c i s the poor ly-sor ted sandy l i t h o l o g y . Facies 8 

has a broad sandy mode and may cpntain up t o 50% s i l t and clay (Fig. 

6 - 6 ) . Bed thicknesses a re general ly i n the 15-20 cm range and bed 

boundaries may be sharp or g rada t iona l with i nd i ca t i ons of b io tu rba t ion 

(Fig. 6 - 7 ) . I n t e r n a l l y , t he beds may be massive, graded, crudely 

laminated or d isrupted (Fig . 6-7) and i n some cases i t appears t h a t the 
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Figure 6-4. Grain s ize var ia t ion through Facies 7 
th in sand bed. ^well-sorted 
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Figure 6-5. Representative x-radiographs of Facies 7 well-
sorted, thin sand beds. 
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Figure 6-6. "Representative grain-size distributions of Facies 8 
muddy sand. 
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Representative x-radiographs of Facies 8 muddy s 
beds. "-

(a) Graded bed 
(b) Homogeneous bed ( 

(c) Laminated bed <$, 
(d) Bioturbated bed 

i (e) Deformed bed. 

Tops and bottoms of beds indicated by ticks. 

/ 
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beds may be amalgamations of thinner depositlonal tunits, which 

closely resemble the finer sandy s i l t couplets of Facies 5. 

Several examples of the facies are shown in Fig. 6-7 to i l l u s t r a t e 

the range of s t ructures . One bed (Fig. 6-7a) clearly grade from a 

re la t ively well-sorted, coarse sand with a sharp (? scoured) base into 

mud. In the same core, overlying this unit i s a thick, muddy sand which 

has a sharp .base and top but appears to be completely homogeneous (Fig. 

6-7b). The broad "lalminations" shown by the bed i n Fig. 6-7c may 

represent a > e t of amalgamated and partly bioturbated beds or an in terna l 

primary^ s t ructure . Bioturbation has reworked the sand bed in Figure 6- d 

so that i t s boundaries are to ta l ly gradational. The bed shown in Figure 

6-7e .includes mud clas ts which^are enclosed in the sandy matrix. The mud 

clasts are generally rounded and show signs o'f in terna l deformation, 

whereas the matrix appears granular. In the centre of the bed, t i l t e d 

laminations of mud and sand suggest that the whole bed Is deformed. 

A similar lithology occurs not far below in the core, separated by a 

sorted sand similar to Facies 7. One cannot be sure that the described 

bed i s not part of a larger deformed bed. 

FACIES 9: Massive, gravelly, sanity muds 

The very dist inctive ' 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). Two cores contain gravelly sandy * 

mud units with f iner , muddy intervals within them. I t i s not cl6ar 

«*P 
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Figure 6-8. Representative x-radiograph of Facies 9* gravelly 
sandy mud bed. 
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whether these u n i t s were formed by a s i n g l e or s e p a r a t e d e p o s i t i o n a l 

even t s . Facies 9 has a 'mult imodal s i z e d i s t r i b u t i o n (Fig . 6 -9 ) ,* bu t on 

a p r o b a b i l i t y p l o t , the d i s t r i b u t i o n appears to be a s i n g l e popu la t ion , 

with no s o r t i n g of p a r t i c u l a r s i z e i n t e r v a l s . An important c h a r a c t e r ­

i s t i c of t h e f ac i e s i s i t s r e l a t i v e l y indura ted na tu re and i t s apparent ly 

low pore-water conten t . 

FACIES 10: Deformed Beds 

Units with s igns of i n t e r n a l deformations a re ass igned to Facies 

10. Severa l s t r u c t u r e s a r e c h a r a c t e r i s t i c of deformation, namely i n ­

c l ined and contor ted bedding, i s o c l i n a l folds and eye le t , s t r u c t u r e s , 

rounded sand patches and sharp colour boundaries between muddy sec t ions 

(Fig . 6-10) . Deformed beds vary i n th ickness from a few cent imet res 

t o s e v e r a l metres and where they a re bounded by mud, t h e i r bedding 

sur faces may pot be we l l -de f ined . Dominantly f ine -g ra ined deformed 

beds can often only be recognised i n x-radiograph. 

INTERPRETATION OF COARSE-GRAINED FACIES 

(a) TU|BIDITE DEPOSITS 

C l a s s i c a l t u r b i d i t e s are c h a r a c t e r i s e d by sharp b a s e s , normal 

grading (fining-upward) and the model sequence of s t r u c t u r e s d i s t i l l e d 

by Bouma (1962). On t h e Scot ian S lope , , t he re are very few beds wi th 

such c l a s s i c a l c h a r a c t e r i s t i c s . Neve r the l e s s , t he re are a number of 

reasons for i n t e r p r e t i n g the sediments of Facies 6, 7 and 8 as 

t u r b i d i t e s . ^ 

.1 
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Figure 6-9. Grain size distribution in some gravelly sandy mud 
beds. 

A: Seven analyses from one bed in core 63 » 
B; Single analysis from same bed. 
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Figure 6-10. Sketches of deformed structures from visual 
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 s i ze s , ranging from 2.5 to 3.0 fJ 

are clearly out of equilibrium with present-day current veloci t ies at 

th i s depth (Chapter 3) . There i s no reason to believe that stronger 

geostrophic currents flowed on the slope during the l a s t 50,000 years . 

If anything, the finer-grained texture of Wisconsinan muds suggests that 

local dynamic conditions were generally less energetic a t that time 

than at present. 

Bottom conditions a t the shelf-break could have been more vigorous 

at a time of lowered sea-level as a resu l t of storm-wave impingement. 

Stomb-induced bottom currents may have resulted in greater spi l lover 

(Stanley et a l . , 1972) in the Scotian Gulf area. However spi l lover 

•deposits would s t i l l be controlled by the local bottom current regime 

and would produce a more sheet- l ike deposit. 

A strong argument i n favour of a turbidi te origin for the thick-

bedded sands i s the association with channels (see Fig. 7-2). Core 50 

i s located on the margin of the main channel and core 62 in a well-

developed channel between two large s l ide blocks. This strongly sug­

gests tha t the sand was transported through the channels. Core 2 

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

escarpment in an area of rough topography. 

The facies i s similar to the massive sandstone 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 problem. The 

Scotian Gulf shelf and slope certainly provide a gravel-rich source. 

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

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

require that" considerable sorting of sediment occurs in the early 

stage of turbidity-current flow. 

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

related to the channel. Their size distributions suggest that they 

were each deposited 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 examples strongly suggest the turbidite 

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

are not directly associated. They are therefore considered separately 

and in more detail. 

Facies 7 is well-sorted and was deposited from strong currents 

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

to settle out. » The inevitable turbidite or contourite question must 

be asked. 'Stow and Lovell (1979) have summarised the criteria used 

to distinguishTthin-bedded turbidites and contourites by many authors. 

They point out that almost all the textural and lithological criteria 
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are ambigous. For example, contourites are in general better-sorted 

than turbidites, yet well-sorted turbidites have been described by 

many authors (eg. Piper and Brisco, 1975). Even paleocurrent deter­

minations can be confusing 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. 

(i) Facies 7 sands show very similar textural characteristics to 

the thicker-bedded sands of Facies 6. The modal size of 2.0 to 3.0 i 

(Fig. 6-5) is similarly out of equilibrium with reasonable current 

regimes for both the present day and the late Wisconsinan. 

N (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. 

i 

It seems likely that the sand of Facies 7 was introduced by 

turbidity currents. Later reworking by bottom currents is of course 

possible, but no other 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 possibility of being contourites. The massive and graded beds 

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

# 
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strongly suggest that most Facies 8 beds'are turbidites. Some 

have been bioturbated, a feature not usually associated with tur­

bidites. However„ some clear examples of bioturbated, turbidites have 

been documented (eg. Piper and Marshall, 1969) so that it is not an 

objection to the turbidite interpretation. 

\ 

The internal deformation shown by some beds (Fig. 6-7e) may be 

syndepositional (convolute bedding) or post-depositional (slumped). . 

Reineck and Singh (1975) note, that convolute bedding is most often ob­

served in a fine sand 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 probably the correct interpretation. The 

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

ently undeformed sediment. 

In conclusion, 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 

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 

combined to give more complete Bouma sequences. 

(b) DEBRIS FLOW DEPOSITS 

Facies 9 has the poorly sorted gravelly sandy mud texture which 

is characteristic of subaerial and submarine debris flows (Johnson, 

m 
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1970;.Hampton, 1970; Crowell, 1957). However in northern l a t i t udes , 

similar l i thologies can be produced at the base of a grounded i ce - ' 

sheet (marine t i l l s ) , or offshore, by the combination of normal marine 

sedimentation and deposition from floating ice and icebergs ( p a r a t i l l s ; 

Harland e t a l . , 1966;.Kurtz and Anderson, 1979). 'Marine t i l l s can be 

discounted in the deep-water slope environment, but i t i s necessary to 

determine whether the gravelly sandy muds of Facies 9 are debris flow 

deposits or p a r a t i l l s . Several c r i t e r i a have been established as being 

useful for th is purpose (Table 6-1). 

Facies 9 beds are massive, have sharp boundaries (Fig. 6-8) and 

"single-population" grain-size dis t r ibut ions (Fig. 6-9 ) with few i n ­

dications of current-sort ing. The largest pebbles are generally 

oriented with the i r long axes subhorizontal (Fig. 6-11). The facies 

contains s ignif icant ly fewer foraminifera per unit weight than the sur­

rounding muds and almost completely lacks planktonic species or juvenile 

benthic t e s t s (M.A. Williamson, pers . comm.). In addit ion, the facies 

i s charac ter is t ica l ly indurated, suggesting early (? syndepositional) 

expulsion of i n t e r s t i t i a l water. Facies 9 can thus be confidently 

interpreted as a debris flow deposit. Dispersed ice rafted debris i s 

common within some mud sequences and i s easi ly distinguishable as such. 

The sandy laminae observed within two beds (see Fig. 7-4, Cores 73 

and 75) are of i n t e r e s t . Subaerial debris-flows have been observed to 

flow in a ser ies of surges (Johnson, 1970; P.ierson, 1980). Between 

viscous, laminae flows,turbulent s lurry flows may occur along the same 
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Table 6-1. Criteria for distinguishing paratills and debris 
. flows (modified after Kurty and Anderson, 1979; 

- and Aksu, 1980). 
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TABLE 6-1 

CRITERION DEBRIS FLOWS PARATILLS 

1. Contacts 

2. Faunal content 

3. Fabric 

4. Texture 

Sharp 

Rare, or if present, 
displaced fauna. 

Imbricated-or sub-
horizontally ori­
ented clasts. 

Single population. 

Gradational ' 
i 

Normal in situ assem­
blage. 

Randomly to horizontally 
oriented clasts. 

Multiple populations. 

t 
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Figure 6-11. Orientation of elongate c las t s > —X «S in ve r t i ca l 
section of thin gravelly sandy mud beds^ from cores 
55 and 63. 

-.* 
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channel wi th v e l o c i t i e s as high as 5 m s . These flows are capable 

of s o r t i n g and leaving l ag depos i t s (P ierson, 1980). A s i m i l a r 

mechanism could be envisaged to expla in the so r ted laminae wi th in 

s i n g l e debr is- f low beds on t h e Scot ian Slope. However, the submarine 

environment provides somewhat d i f f e r e n t cont ro ls on these p rocesses . 

For example, shear a t the upper "surf ace of such a flow would be much 

h ighe r , tending t o suspend the s l u r r y . Also the generat ion of sub­

marine debr i s . f lows i s poorly understood; the l i ke l i hood of tu rbu len t 

surges of t h i s type cannot be we l l es t imated . 

(c) SLUMP DEPOSITS 

The deformed beds of Facies 10 are probably produced by r e l a t i v e l y 

sma l l - s ca l e slumping. Damuth and Embley (1981) have i l l u s t r a t e d s i m i l a r 

depos i t s i n deep-sea cores and t h e r e are numerous examples in the ancient 

record (Cook, 1979, Enos, 1969; Stanley and Unrug, 1972)/ I t i s i n t e r ­

e s t i ng t h a t many of the deformed beds contain lenses of Clean sand which 

has not been mixed during the slumping. This i n d i c a t e s t h a t e i t h e r the 

t r anspo r t d i s t ance of the slump was very smal l , or t h a t t h e sand has a 

b r i t t l e r e s i s t a n c e to shear ing processes wi th in the slump. Well-packed, 

wet sand enclosed i n a muddy slump-mass and sheared, would exh ib i t 

d i la tancy when repacking of the gra ins occurs . As the pore volume 

Inc rea se s , the i n t e r - g r a n u l a r forces a lso Increase and the sand behaves 

i n a more b r i t t l e fashion. Thus d i s c r e t e patches of sand as seen in 

Figure 6-10 can be maintained. 
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CHAPTER 7 

» 

DISTRIBUTION OF FACIES IN THE SCOTIAN GULF AREA 

The Holocene (Unit 2) sequence on the Scot ian Slope i s very u n i ­

form, even i n a reas of complex mesotopography. This chapter concen­

t r a t e s on the pre-Holocene (Unit 1) sequence i n which a g r ea t v a r i e t y of 

*" fac ies i s found. Cor re la t ion of i n d i v i d u a l beds i n Unit 1 , between even 

the most c lose ly - spaced cores i n the study a rea , i s impossible and the 

fac ies d i s t r i b u t i o n i n i t i a l l y seems random. Deta i led s tudy , a t tempt ing 

to r e l a t e i n d i v i d u a l core sequences to t h e i r morphological s i t u a t i o n 

suggests t h a t some p a t t e r n s are p r e s e n t . 

Figure 7-1 shows the l o c a t i o n of p i s t on -co re s with r e spec t t o 

the major morphological f ea tu res and f igures 7-3 t o 7-8 i l l u s t r a t e 

core logs from the Scot ian Gulf a r ea . Seismic p r o f i l e s o r 12 KHz 

echo-sounder records are provided t o l o c a t e each core as c lose ly as 

p o s s i b l e to t h e l o c a l mesotopgraphy. Few cores are longer than 5 me t res , 

so i t should be emphasised t h a t they cannot be r e l a t e d t o sub-bottom * 

fea tures i l l u s t r a t e d i n the se ismic p r o f i l e s . 

The accuracy of core l oca t i ons on the p r o f i l e s i s c o n t r o l l e d by 

s e v e r a l f a c t o r s . The ship and core p o s i t i o n s , for the most p a r t were 

determined using Loran C and Satnav and a re be l i eved accura te t o 

llOO m, but p r i o r to 1980, Loran C was unavai lable" and much l e s s 

accura te Decca nav iga t ion was used. The deep-tow p r o f i l e s r equ i red 

adjustment for the f i sh p o s i t i o n , which was a s i g n i f i c a n t ' d i s t a n c e behind 
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Figure 7-1. Location of piston cores in the Scotian Gulf area 
with respect to major morphological features. 



234 

•42*50 

63*30 63*25 

SHELF 



235 
{ 

the ship. The actual fish posit ion i s not exactly known, but can be 

estimated and. the potent ial error is* "hot greater than 300 metres. Where 

coincident echo-sounder profi les were taken, the tow-fish position and 

morphological features on the prof i le can be located without th is error . 

Finally, some cores were not always taken exactly on the profile l ines , 

and because of the complex morphology, they cannot be clearly related 

to morphological features on the prof i les . 

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

i s located on a profile i s given, Figure 7-2 provides a key to the 

symbols used. ' n 

UPPER SLOPE AND CHANNEL ASSOCIATION 

Cores from the upper s l o p e , high r e l i e f a rea ( 2 , 62 , F ig . 7-1) and 

from the main channel margin (50, F ig . 7-1) contain a s i m i l a r a s s o c i - . 

a t i on of t h i c k sand beds and in te rven ing th i ck mud un i t s (F ig . 7-3) . 

The mud fac ies between th ick sand beds i s v a r i a b l e . In cores 2 and 50 

laminated mud 'and graded s i l t beds a r e found, while i n core 62, the 

mud i s mainly b io tu rba ted . t 

The three cores are not accurately 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 profi les 

(Fig. 7-1). Core 2 Is apparently located very close to the main escarp­

ment (Fig. 7-1), i t s water-depth of 500 metres suggesting a position j u s t 

at the base, within the area of hummocky re l ief , rather than i t s 

apparent position at the top of the escarpment. Core 50 Is located 

within the main channel, probably j u s t 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) Solid arrows in contact with bottom trace:." 
accurately located core and profile, with 
core positioned very close to the profile 
line. 

(b) 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. 

(c) Dotted arrows in contact with bottom trace: 
inaccurately located core and/or profile, 
positionacf core apparently close to profile 
line. '• 

(d) Dotted arrow not in contact with bottom 
trace: inaccurately located core and/or 
profile, position of core apparently distant 

*» from actual profile line. 
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Figure 7-3. Facies 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 graded silt beds, with thin sand beds of Facies 7 and 8 

(Figs. 7-4 to-7-7). Facies 1 to 4 muds are all present in .places, mak­

ing up anything from 20% to 90% of individual sequences. Thin units of 

Facies 9 and 10 are also present in the sequences, and three cores 

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

Figure 7-4 shows a detailed suite of cores clustered around profile 

N-N'. Both the seismic line and the cores are accurately positioned . • 

and the cores have an average spacing of between 0.5 and 1.0 km. Three 

cores are located almost exactly on the seismic line and coincident 

12 KHz profile; core 56 is^located in the deepest part of a abroad de­

pression, while cores 74 and 75 were taken on two adjacent low 

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

compositions. 

Figure 7-4(d)' also shows the position of core" 56 on a downslope 

profile. Alfejiough the core is not accurately located on this profile, 

the nature of the depression can be more clearly'seen. It is located 

just upslope from a well-defined slide sheet and either represents the 

zone of detachment for that slide or lies between the slide sheet and 

smaller slump/slide-related hummocks upslope of it. 

"Core 56 from the depression contains only thin muddy intervals, 

but is dominated by three bundles of Facies 5 graded silt to mud 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-

f slope area, along seismic profile N-N'. (a) Core 
logs, (b) line drawing of part of seismic profile 
N-N', (c) and (d) 12 KHz echo sounder profiles. 

t 
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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 silt's, slumped beds (Facies 10) and/or gravelly sandy mud 

beds (Facies 9) are also present in these cores,but occur between thick 
, x 

mud in terva ls . 

• Cores 57 and 73 l i e very close to 12 KHz profi les (Fig. 7-4c and d) . 

The former i s located on the low-relief, broadly hummocky area adjacent 

to the main channel (F£g. 7-4c) and contains a thick mud sequence domi-
• * 

nated in the lower par t of the core by Facies 7 laminated mud. Three ~ 
t, 

th in , d is t inc t ly graded units of Facies 8 sand and f a c i e s 5 s i l t J:o mud 

couplets and a ^thicker ungraded bed of Facies 8 form a bundle of beds 

in the middle of the core. Core 73 i s located in the hummocky area 

jus t upslope of core 56 (Fig. 7-4d). Although dominantly muddy, i t con­

tains three thin beds of Facies 9 and a single bed of Facias 10. The 

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

which i s otherwise found in Isolat ion within s ingle core-sequences. 

Cores 52 and 60 (FJg. 7-5) are located a short distance downslope 

of the sui te of cores jus t described. They show very similar types of 

disorganised sequence. Two relat ively thick slump beds are prominent 

in core 60 which i s located on a low re l ie f hummocky area (Fig. 7-5b). 

Core 52 i s located close to a between-slump depression (Fig. 7-5c) and 

contains a re la t ively large proportion of coarse beds. Part icularly 

abundant are graded sequences of Facies- 2 and 5, but perhaps more 

s ignif icant ly , the core contains three well-sorted sand beds of Facies 
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Figure 7-5. Facies sequences and locations of cores 52, 55 and 
60 from south of profile N-N*. (a) core logs, 
(b) and (c) 12 KHz echo*sounder 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 FACIES ASSOCIATION 

The depositional lobe (fig. 7-1) was probably largely constructed 

by rapid deposition of thick sand units, in a fashion similar to 

deposition on suprafans (Normark and Piper, 1972). However, at present, 

the main channel is thought to completely cross the lobe. For this 

reason, sediments recovered from the lobe area (Fig. 7-7) are not 

representative 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 different 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 near the base. This demonstrates a similar relationship between 

facies and morhpology as in mid-slope cores. 
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Figure 7-6. Facies sequences of cores 63, 77 and 78 from east of 
the main channel. The cores, cannot be related to any 
survey lines. % 



248 

(a) 

M 
T7G 77 

1* 

78G 78 

(b) 

50 
ins 

-250m. 

^ • 
V 

77 

* 

~y<~ ~ 
_^ 

78 63 
f 5 
i * 

"*" ~"^-$Nw>*s"l:?t" 

* ^a" *» JT 

63 

si St 
L 2 mi 

55 

I 

* « . 



249 

Figure 7-7. Facies sequences and locations of core 61, 79 and 80 
from the depositional lobe area (a) 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 situated very close to the degraded 

main channel (Fig. 7-7b) and contains a high proportion of coarse 

grained beds. Prominent among these are three well-sorted sand beds 

and a very coarse sand/gravel bed. Also within the sequence is a 

bundle of Facies 5 units and a single gravelly, sandy mud unit. This 

r.core clearly demonstrates that rapid sedimentation of coarse-grained 

sediments is associated with the channel in the area of the depositional 

. lobe. 

CONSTRUCTIONAL SLOPE ASSOCIATION _ 

Core sequences i n the v i c i n i t y of the area of smooth topography, 

i n t h e west of the Scot ian Gulf a rea (F ig . 7-1) are predominantly made 

up of b io tu rba ted mud (Fig. 7 -8) . A l l th ree cores (59 , 81 , 82) are 

loca ted close t o the cons t ruc t iona l channel and contain muddy sands of 

' f ac ies 8 and/or graded s i l t t o mud couplets of Facies 5 . 

Cores 81 and 82 show broadly s i m i l a r sequences of a l t e r n a t i n g 

o l ive -g rey , red-brown and brown muds. The brown muds i n . t h e shal lower 

core,. (82) are sandier and occas ional sand and coarse s i l t ' l a m i n a e are 

preserved. Core 59 from the channel margin does no t show the same 

a l t e r n a t i o n but con ta ins , a g r e a t e r p ropor t ion of sandy beds or laminae 

' and bottoms i n s t i f f g rave l ly sandy mud of Facies 9. 

SUMMARY AND INTERPRETATIONS , 
» 

Figurte 7-9 summarises the morphology-related d i s t r i b u t i o n of 

facies in the Scotian fctulf area. 

v.-

q 
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Facies sequences and locations of cores from the con­
structional slope area, (a) core logs, (b) part of 
seismic profile L-L', (c) part of seismic profile 
N-N', (d) part of seismic profile M-M', (e) part of 
seismic profile J-J*. 
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On the upper slope, the association of thick sands and various 

muds are characteristic of the valleys between large slump or slide 

blocks. The thick sands have been Interpreted as Bouma turbidite 

units (Chapter 6) and are evidence that turbidity currents flowed down 

these 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 onto the 

midslope area. 

Sequences on the destructional midslope area are very variable, 

but where it is possible to locate cores 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. 

The coarser beds are interpreted as turbidite deposits. The topography 

probably controlled the paths of turbidity currents which flowed either 

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

coarser 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 

the channel now crosses. Overspill of this shallower channel resulted 

in coarse sand and gravel beds -on the margins. More distal parts of 

the lobe .contain sequences Bimilar to other midslope areas as a result 
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of subsequent slumping and generation of an irregular topography. 

On the undisturbed slope, bioturbated muds dominate except very 

near to the constructional channel. Coarser beds in this area are 

turbidites and probably related to the local channel. It is not clear, 

however, whether this area is completely immune from flows In the 

adjacent destructional area and main channel. 

tu 

t 
A 
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CHAPTER 8 

DISCUSSION: CONSTRUCTIONAL SLOPE PROCESSES 

-1 

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 surfaces and con-

tinuous sub-bottom ref lectors (Fig. 2-23), Only three piston cores are 

available in the Scotian Gulf constructional area, but they show Str ik­

ingly different sequences below the Unit 2 cover from cores in the 

destructional pa r t s . The sequences comprise al ternations of red-«brown 

and brown li thologies (Fig. 7-8) on a scale of 10-20 cms. The patchy 

or mottled mud facies predominates, suggesting hemipelagic processes are 

most important. Core 82 from 500 metres water depth contains sandier 

brown and olive grey 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 turbidi te character is t ics , 

although this .core -from close to the constructional slope channel (Fig. 

7-8) does contain other sandy beds which are interpreted as tu rb id i t es . 

The sandier beds of core 82 are thus thought to be more related to •* 

hemipelagic processes rather than turbidity currents. 

The processes Involved in constructioaal slope sedimentatioffNare 

not res t r ic ted to these areas of the slope which have not been disturbed 

by slumping or other destructional processes. By and large, hemipelagic 

9 • 

-o 
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type sedimentation i s independent of slope morphology. Thus, this 

« . « — «- w - a . ^ t . u*~ «•« , .« »i i - - ^ 
sedimentation which i s not related specifically to the morphol'ogy. Thus, 

the Holocene mud drape over the slope and intervals TH non-turbidite mud 

sedimentation within the Wisconsinan sequence can be considered as con­

structional phases and the following discussion pertains to these inter-^ 

vals as well as constructional slope sequences per se . 

The processes involved in hemipelagic sedimentation! are not very 

well understood beyond the conceptual models i l lustrated \ in Pie-rce 

(1976, see Fig. 5-12).- "Syntematicjtextural variations ia\ the very 

uniform modern sedimentation, discussed in Chapter 3 , can be related 

mainly to dynamic conditions, butt the downcore'variations'In cores 81 

and 82 particularly, indicate that ether factors are important. 

Sediment supply rates, transport paths and transport mechanisms are 

identified as controls on "hemipelagic" deposition in addition to the 
ft • 

local dynamic conditions, ;u \ • %»« 
* to. 

(a) Sediment Supply Rate • *" 4"* 
' • " - i 

# V" ' 
The rate of sediment supply from individual sources determines the 

r »^\ . ' 

dominant compositional characteristics of the sediment. Cores show a 

stratigraphic division between a late Wisj^nainan unit, dominated by 

red-brown and brown muds* and a latest Wis consinan/Bolocene uaJ5t 

characterised by olive-grey and dark yellow-brown mods. Although 
* V * 

gradations are common, i t i s simplest to consider the controls on the'-

end-member red^brown and.olive-grey lithologies and the broad 

J& 
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differences between Holocene and Wisconsinan conditions. 

The inferred ice-sheet supply of red-brown mud i s res t r ic ted to 

the Wisconsinan glacia l period, although reworking of coastal and 

inner-shelf t i l l s may have contributed some red-brown mud since de-

glaciation. However, the lack of olive-grey sediment in the Wisconsinan 

should be accounted for. The shelf-edge supply of olive-grey sediment 

would be largely controlled by re la t ive sea-level . A maximum sea-level 

lowering of 110 metres (King, 1970) would leave large areas o f * n e 

outer-shelf banks subaerially exposed (Fig. 1-9). The area tliea avai l ­

able for reworking and supply of mud would be substant ial ly reduced, 

result ing in a large decrease in supply of olive-grey sediment during 

the Wisconsinan. 

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 
i 
A 

•% Holocene olive-grey mud so that the outer-shelf bank supply may be 

masked by the ice-sheet supply. However, the data argues more strongly 

for a substant ia l decrease of. Olive-grey sediment supply during the 

Wisconsinan. This argues also for the more maximal sea-level lowering 

* * of>110 metres. Other factors such as storm regime and the effect of a 

• f loating ice shelf during the Wisconsinan may also play an Important 
v i 

role In r e s t r i c t ing olive-grey sediment supply. 
4 - - • • « « 
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(b) Sediment Transport Paths -" 

Supply of olive grey sediments from the outer shelf banks to the 

slope i s 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 i s achieved by 

currents with essential ly alongslope flow and small downslope vectors. 

Thus downslope transport i s oblique and considerable alongslope t rans­

port i s l ike ly . Stanley et a l . (19,72) concluded that the shelf c i r ­

culation patterns around Sable Island resulted in local zones of high 

sediment supply at certain points along the shelf-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 would have been 

controlled by sea-level 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 resul t of 110 

metre sea-level lowering would r e s t r i c t the supply from the ice-sheet 

to the narrow conduits of ' the Gully and the Scotian Gulf (Fig. 8-1 ) . 

More moderate sea-level lowering would allow supply along fa broader 

front with only Sable Island and Banquereau Banks preventing sediment 

supply to the slope%(Fig. 8-1 ) . v The effects-of seasonal ice-cover 

over the shelf (Mudie, 1980) would be tjfcrestrlct, sediment transport 

to summer months, a feature one could not hope to detect 'in the slope . * 
' . t 

record. ' . N 
i 

' ' , '• . A* 
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LATE WISCONSINAN 

Carboniferous basins 

Figure 8-1. Wisconsinan transport paths of red-brown mud 
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(c) Slope Transport Mechanisms 

I t has been suggested in Chapter 5 that olive-grey and red-

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

Olive-grey mud, eroded from the outer shelf banks i s transported in the 

bottom boundary layer, while red-brown mud, supplied mainly in the 

surface layer, i s transported over the slope also in the surface layer 

and eventually se t t l e s through the ent i re water column (Fig. 8-2). In 

both casesj sediment must s e t t l e through the bottom boundary layer 

pr ior to deposition so that the net resul t should be similar. The 

finer-grained character of the red-brown mud may be related mainly to 

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

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

the modern current regime w6uld prohibit substant ia l mud deposition. 

This suggests that a lees powerful current regime may have existed during 

Wisconsinan times. , 

Low sa l in i ty water covering the shelf during Wis*r>risinan times as 

implied by Mudie'a (1980) data (see Chapter 5 ) , and sea-level lowering 

near the maximum 110 metres of King (1970) would mean that sediment < 
* * 

laden surface water moving offshore would not encounter open ocean • 

conditions until It crossed the* shelfbreak. An analogous situation 

exists at the .mouths of many rivers where Iresh water encounters saline 

marine water (Wright, '19-77). In most case's, a stable fresh water layer 

is maintained at the surface because turbulent vertical mixing is not 

significant (Bates, 1953). However, tide and wave action can rapidly 

r-
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mix the surface layer and prevent further offshore transport . 

Kranck (1981), working in an estuarine environment, found that f loc-

culation of suspended par t i c les has a stronger relat ionship to. concen­

t ra t ion and turbulence than to sal ini ty ' . Thus, by analogy, the increase 

in turbulence as the low-salinity surface layer encountered open ocean 

conditions at the shelf-edge may have resulted in increased flocculation 

and rapid deposition of red-brown mud on the slope, during, the 

Wisconsinan. With maximum sea- level lowering, th i s may have been par­

t i cu la r ly important in the v i c in i t i e s of the Scotian Gulf and the Gully. 

s t V 
THE ROLE OF CONSTRUCTIONAL SLOPE CHANNELS" " 

, _ 

The Scotian Gulf constructional area contains a 30 metre deep 

depositional channel (Fig. 2-8). Very few detailed surveys have been 

made of other constructional slope areas so it is not known whether 

such channels are common features of constructional slopes. The up-

or down-slope continuity of the channel has not been established and, ' 

in fact, seismic line P-P* (Fig. 2-2) indicates1 that, if present, it 

must take a large westward deflection. Perhaps more likely is that the 

channel'is discontinuous. Discontinuous gullies have been documented 

on delta-front slopes (Shepard and Dill, 1966) and they are thought to 

be of slump origin (Shepard, 1973; •Coleman et al., 1974). 

The clearly leveed nature of the western Scotian Gulf channel 

(Fig. 7-4) suggests that it is a stable feature and nearby cores •. 
A • * 

i 

contain turbidite units (Fig. 7-4).' These features suggest that if 

the valley originally had*a slump origin, it has more recently acted 

as a conduit along which turbidity currents have passed. The morphology 

* - > 
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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 j the 

"continuity of reflectors from the leveed channel margin to the adjacent 

slope (Fig. 7-4). The usual conclusion from this javidence would be 

that the adjacent slope has been largely built up by overbank turbidite 

deposition-. Although nearby cores contain a few identifiable turbidite 

beds, the dominant lithology is bioturbated mud, even during late 

glacial times when turbidity-current activity was high in. the adjacent , 

excavated part of the Scotian Gulf area. It is generally assumed that 

hemipelagic processes construct continental slopes, while turbidity 

currents bypass them (Kelling and Stanley, 1976). Recently, however, 

attention has been drawn to the likely importance of dilute, low-

velocity turbidity currents in canyons (Shepard, et al., 1979) and on 

submarine fans (Stow, 1977). The theory for dilute turbidity.currents, 

put forward by Stow and Bowen (1980), is based on the suspension 

settling model of McCave and Swift (1976). That model predicts a 

downslope decrease in modal grain-size, much as is observed in "hemi­

pelagic" muds of the slope. 

The begged question therefore, is what contribution do dilute 
r ' 

turbidity-currents make to the construction of continental slopes? 

The evidence for dilute turbidi^rcurrents lies M current-meter records 

from submarine canyons (Shepard ef al., 1979), which show peribdg of 

strong downcurrent flow disrupting the normal oscillatory current 
_,--'•* , 0 

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

.* 

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

likeliest explanation for these events is that low-velocity turbidity 
i 

currents have flowed through the canyons, but the lack of contiguous 

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 upcanyon flow re-

suiting in a unusual,buildup of water at the„ canyon head. It is 

possible that a similar mechanism could exist in the smaller' scale 

channels such as those on the Nova Scotian Slope. Althouth currents 

at the shelfbreak are predominantly alongslope, tidal oscillations 

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

served (Fig. 3-2). Although those flows generally have relatively 

-1 v 

low-velocities (20-30 cms ) , they are of the same magnitude as Shepard 

observed before the strong downcanyon flows. * It is not clear whether 

a 30-meter deep valley "can channelise flows to the same extent as the 

much deeper canyons of Shepard et al. (1979), Nevertheless, the 

possibility that*, fine-grained, dilute turbidity currents may be gener-
* 

ated in these channels, cannot be ruled out. 

Many of the flows described by Shepard et al. (1979) did not appear 

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, intermittent 
V " 

phenomena and that downslope transport may be by the* integration of ' 

these events rather than by single catastrophic flows. Howeve'r each 

t 

'•**.. *'* ' " *' 



y 267 

flow; would considerably resuspend sediutent which could then be 

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

pulses. 

This dis'cu*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 channels are common features even on 

smooth constructional slopes, and that currents similar to those ob­

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

AN ANCIENT ANALOGUE: THE RIO DELL FORMATION \ 
= \ : : . 

» 

An ancient example of a constructional slope sequence is found in 

the Plio-Pleistocene Rio Deir Formation of-^orthern California (Piper 

et al., 1976). The formation outcrops in cliffs along. Centreville 

Beach, south of Eureka, California (Fig. 8-3) and consists of a pro­

gradational sequence from basin to shelf environments. The slope 

sequence makes up the lower half of the upper member (Fig. 8-4) as , 

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

them using well-defined foraminiferal depth assemblages.' 

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

three slope facies can be recognised in the sequence: 
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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. 

Both facies are irregularly bedded, although laterally extensive over 

several metres. The brown-weathering siltstone* and sandstone facies 

makes up only a very minor proportion *ot the sequence. The brown 

weathering/is due'"CO iron concretion, which occurs preferentially in the 

slightly coarser beds. 

The lower part of the slope sequence (equivalent 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 upper part" 

of both Sections 1 and 2 contain dark mudstone layers up to 40 cm 

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

can make-up units over a metre thick (Section 3, Fig. 8-5). Coarser 

« 
units of brown siltstone or sandstone are still very.rare, but dark 

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

The .overlying shelf sequence (above Section G of Piper et al., 

1976; Fig. 8-4) consists of light coloured silty mudstone, similar to 

the slope facies (b), and more frequent sandstone beds. The dark 
• " " * 

mudstone is very rare in the shelf sequence except at the very ton* of 

the exposed section. In a saall exposure north of Fleener Gulch^ 
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(Fig. £j_3) dark mudstone is associated with thick medium to coarse 

sandstone beds (Section 5, Fig. 8-5). "The sandstones 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. j 

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

a whole reflects shallowing according to Piper et al. (1976) with no 

evidence for later transgression. * Thus the exposure at 'the top of the 

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

appearance of the dark mudstone lithology at this point in the section 

i 

suggests a nearshore sour'ce 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 

the mud to the slope. 

COMPARISON OF SCOTIAN SLOPE AND RIO DELL*FORMATION SEQUENCES 

The Rio Dell Formation slope sequence seems to be a good example 

of a constructional slope sequence. The processes observed on the' 

Nova Scotian Slope are useful for understanding this ancient sequence. 

An important feature in the Rio Dell-Formation is the "two-tone" nature 

of mud lithologies. Just as on the Nova Scdtian 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 Kio Dell dark mudstones 



273 

SANDSTONE 

T 
v 

L45m \ 
bSCOUR 
1 SURFACE 

MUDSTONE 

Figure 8-6, Field sketch of trough-shaped scour surfaces and 
dark mudstone -drape and f i l l . From Section 5," 
Figure 8-5. 

» i 



274 

may have been derived from an inshore fluvial source. Periodic flood 

conditions 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 supplied red-brown mud-to the Scotian Slope. 

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

probably remobilised to supply the slope via the bottom boundary layer. 

It is interesting that the dark mudstones dominate the lower 

slope sequence in the Rio Dell Formation. This suggests that surface. 

layer transport may be more efficient than bottom-layer transport in 

supplying mud to the deeper basin. Alternativelyr fluvial supply of
v 

mud to the slope may be localised and dispersal mainly by bottom cur- * 

rents on the slope. This might also account for the lack of"mudstone 

on the shelf. 
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CHAPTER 9 

L 
* DISCUSSION:' DESTRUCTIONAL SLOPE PROCESSES 

\ Q , 

A generalised late Wisconsinan facies model" for the Scotian 

Gulf destructional 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 uppermost slope. The mid-

slope morphology is also controlled by slump deposits, which form 

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

tend to fill the depressions between slumps while the slumps themselves -

are draped with various mud facies. "On the depositional lobe, a similar 

facies development is seen except adjacent to the main channel, where 

numerous coarse graded beds dominate the sequence. It is likely that 

the lobe itself is constructed from thick-bedded sands similar to 

suprafan deposits (Nelson and Kulm, 1973). 

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

destructional slope during the Wisconsinan 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 

currents are much more important than during constructional phases 

of slope development. These processes, although described by simple 

theory, have not been studied in the detailed slope framework attempted 

here. 
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SLUMPING * • ' 

Slumping occurred .at a variety of scales. The largest slump 

features recognised have areas of several s'quare kilometres (Fig. 7-1). 

These features provide the morphological framework for the detailed 

faclea distribution.» Slumped units in cores are*generally relatively • 

thin, indicating that smaller-scale slumps .are also important. 

Slumping is an indication of slope instability. Several inter­

related factors can lead to mechanScal 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 

(1961) predicted that slumping on most continental slopes should be a 
i 

relatively rare phe'nomenan in intercanyon areas. Subsequent surveys* 

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

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

Relatively few, definitively Holocene slumps have been recorded; most 
* i * 

are attributed to Pleistocene conditions. All the slumped beds in 

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

lation of individual beds (Chapter 4) indicates no evidence for slump-4 
« ** ». 

ing during the Holocene. 

An average Pleistocene sedimentation rate of 30-60 cm/ky is estit 

mated from the seismic interpretations of Jansa and Wade (1975) at the ; 

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

*>-
rates may have controlled other stability factors-

i 
Rapid sedimentation at the soelf-edge may increase the overall 

slope angle. The accumulation m. a^shelf-edge^prism during the whole 

of the Pleistocene could increase the sloper-angle by -a maximum of 4° 

(from 3° to 7°), which would substantially increase the probability of 

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

* " "0i 

suggests that slumping has occurred,in several episodes" during the 

Pleistocene, perhaps•related to"high glacial sediment supply. Taking 

an average glacial/interglacial interval of 100,000 yrs, the slope" * 

angle may have been built up in increments of 0.3° or less, before 

slumping occurred. „'„ «. 
f "" ' ' 

An increase-o£> 0.3°'hardly seems significant, but other factors 

are involved. Rapi/d rates of sedimentation has a second important 

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

water and may become underconsolidated (Sangrey, 1981) as a result of 

excess pore pressure. Such sediments have" a considerably lower shear 

strength and may be more susceptible to lo'ading by earthquakes or ocean 

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

pore pressures in Mississippi* Delta muds explain the occurrence of 

slumps at slope^angles as low as 0.5°. However, rates of sedimentation 

on the Mississippi Delta are three orders of magnitude higher than the 

maximum conceivable rate on the Scotian Shelf unless the ice margin was-
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very close to the shelf edge. At low sedimentation rate's, shear 

strength increases rapidly with burial depth (Moore, 1961) so that 

underconsolidation is unlikely at depth unless other factors (eg. 

high gas content) are important. It is possible, however, that the 

top few metres of the sediment pile may have sufficiently low shear 

strength to be susceptible to slumping. This may explain some of the 

small scale slumps observed«in the cores. Sudden deposition of sand 

on the slope may sufficiently load underconsolidated areas to cause 

slumping. Many slumped beds (Figs. 6-11) cqntain sand patches, so that 

ithis mechanism may be important. • <, 

i ' t 

Finally, the possibility of progressive slumping should not be 

overlooked. A single slump will tend to-increase the local slope and 

reduce support to sediment upslope of the slump-scar (Watkins and 

Kraft, 1978). This often results in further slope failure with 

slide-planes being generated progressively in âi upslope direction. 

The downslope profile 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 

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

deposition." % 

DEBRIS FLOWS 

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 
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generation or behaviour during transport. 

Subaerial field observations led Hampton (1970) to suggest that 

K 

debris flows were generated from slumps by agitation of the slumping 

mass with incorporation of additional water, ^The process happens re-

latively quickly provided "that the water can be rapidly introduced to* 

the sediment matrix. A slump can travel some distance by plastic-flow 

and incorporate very little water. The Hampton (1970) mechanism requires' 

break up of the slump mass and frequent block-to-bl'ock contacts (jostling), 

implying brittle behaviour of the slump blocks. Slumps of dominantly 

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

small-scale slump deposits are likely derived from the upper few metres 

- ^ 1 

of unconsolidated sediments and may never have had the potential to 

become debris flows. More compacted and brittle sediments in larger 

slumps would tend to break up rather than deform during slumping and 
thus may be more liable to the jostling processes involved in the trans­

it 
• <J 

formation to debris flow. * 

A possible mechanism to generate debris flows from unconsolidated 

sediment involves the brittle behaviour of enclosed sand units in muddy 

slumps. Several slumped beds in Figure 6-11 contain patches of well-

sorted sand. It was suggested earlier that dilatancy can .cause the sand y 

inclusions to behave in a 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. ? 

All the debris flow beds observed on the Scotian Slope contain a 
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significant proportion of gravel-sized clasts (Figs. 6-9, 6-10). " , 

Gravel is relatively rare on the mid-slope area in other facies, , 

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

are found in various muddy beds, sometimes in clusters, but more common­

ly in isolation. Thus, it seems likely that the generation of gravelly 

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

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

Although several cores bottom out in thick beds of gravelly 

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, 1970; 

lifampton, 1970). Observations on Recent submarine debris-flows are 

restricted to wide, thick deposits recognised 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 
0 . f 

the modern Scotian Slope beds (Fig. 9-1). "Two beds in this sequence 

"can be traced for at least 100 metres laterally, and one bed joins with 

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

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 deposits. Small, conformable lenses of pebbly mudstone 

less than 50 cm across are seen, sometimes interconnected by very thin 
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I 

(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 mudstone (Fig. 9-2). The convex 

shape may be the result of differential compaction, but the thick­

ness variations cannot be ascribed to boudinage deformati6n (N.P. 

James, pers. comm.). Figure 9-2 summarises the different bed geo-

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

ancient sequences. 

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 site of core 80-004-29, show that the 

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

than 500 metres). 

Figure 9-3 is a speculative model of how the various bed geometries 

might be produced in an environment of irregular topography. It is 

based on subaerial observations-6'f larger flows (Shelton, 1966; Johnson, 

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

confinement of the flow. • 'Ĉ , 

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 whehvCfuTflow overtops Its channel banks or moves into a 

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

and thin when they emerge from narrow valleys into a broader plain 

(Shelton, 1966, p. 330). Other subaerial flows are observed to 

deposit elongate lobes at their termination (Jolinson, 1970, pp. 436, 438) 

These may result in the lens-shaped geometry of bed-types 3 and 4 

(Fig. 9-2). Small localised spills over the channel margins may produce 
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4 

Figure 9-2. ' Fpur thin debris-flow bed-geometries 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 stringers. 
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Figure 9-3. Speculative model of small-scale debrik flows in the 
destructional slope se t t ing . ' See text for detailed 
explanation. * 
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elongate lateral deposits of' type 3 geometry. 

TURBIDITY CURRENTS - ^ * ^ 

The general theoretical understanding of the mechanism of turbidity 

current flow is quite well advanced (Komar, 1969; Stow and Bowen, 1980). 

Jbffc'slope has been commonly thought -of as a site of turbidity-current ^ 

bypassing after initiation in canyon heads close to the shelfbreak. 

There is strong evidence in the Scotian Slope cores that deposition 

from dense safldy turbidity currents' also occurs on the slope under 

• certain conditions. Three important factors are involved: (a) initation, 

(b) transport paths, (c) depositional sites. The complex morphology of 

the destructional slope can provide favourable conditions for all> three 

factors. 

(a) INITIATION •„ fc 

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 the.se mechanisms 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 by earth-

quakes, but instability due to sediment infilling the canyon head is 

the underlying control. In the confined situation of a canyon, uncon-

http://the.se
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solidated sandy sediment would rapidly incorporate water to produce an 

over-dense suspension which then begins to accelerate downslope as a 

turbidity-current. Alternatively, debris-flow may result from the 

initial slump., Hampton (1970) illustrated theoretically and experi­

mentally a mechanism of shear at the debris flow surface by which a 

turbidity-current could be generated. 

In La Jolla canyon, Shepard and Marshall (1973) reported strong 
fi 

. «• 

down-canyon flowing currents during a large storm event. Subsequently, 
« 

the current meter was lost and eventually recovered from further down 

the! canyon, tangled amongst a mass of kelp and seagrass. This evidence 

led Shepard and Marshall (1973) to the conclusion that a turbidity-

current had been generated during the period of downslope flowing current 

activity. Reimnitz (1971) made 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 (Bagnold, 1962) is probably an important mechanism 

in the initiation' and maintenance of turbidity-currents. The criterion 

for autosuspension (Bagnold, 1962) is: ^-w^ 

w = U tan 9 

where w = settling velocity of a particle, U « mean velocity and 6 = 

slope angle. This equation is plotted on Figure 9-4 for several slope 

angles. It can be seen that on a slope angle as low.as 4°, sediment 

which is suspended by a particular current velocity will become im­

mediately autosuspended. In this case, for a 50 cm s~ current 
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( u ^ 2.7 cm s~ ) , 2 ii*medium sand can be autosuspended on a 4" slope. 

If this process is maintained* a Sufficient concentration of particles 

may be entrained to cause excess density and "Initiate a turbidity cur-" 

rent. ° ' 
o " 

\ 

Both slump and current suspension mechanisms are potentially im-

portant on the Scotian Slope. Slumping is seen to be an active process; 

however it is unlikely that unconfined slumps would directly result in 

turbidity currents as the tendency to spread out "would prevent signifi­

cant turbulence developing in the slumping mass. Development of debris 

flows from slumps and subsequent transitions to turbidity-currents by 

Hampton's (1970) mechanism is also possible.- Once again confinement 

within a channel would favour turbidity-current generation t^fcause 

the process would be most efficient at rapid speeds. Slump generation 

of turbidity currents, therefore, is probably morphologically controlled 

A potential site for this mechanism is beneath the upper slope escarp-

ment where localised slumping on the "steep slope has produced a very 

rough topography. Unfortunately, no profiles extend across this zone 
i 

in the region of the main-channel (Fig. 2-8), so it is not known 

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. 

The present-day current regime on the' uppermost slope includes 

periods of flow of up to'50*cms (see Fig. 3-2). However, this 
> 

velocity is directed alongslope 'during these periods. The potential for 

autosuspension is therefore high only in the alongslope direction. In 
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canyons, downslope flowing currents are generally considered,important 

in "the generation of turbidity-currents (Shepard-and Marshall," 1973). 

On the Scotian Slope, autosuspension could only occur on the margins of 

^*pthannels alp currents flow perpendicular to the channel axis. Certainly 

channel-margin slopes would be high enough to achieve autosuspension 

of quite large particles, but the concentration of sediment would need 

* to build up rapidly within the channel. Turbulence generated as a 

result of flow separation across the channel (Fig. 9-5) may keep sedi-

ment suspended and allow the density to "increase sufficiently for 

turbidfty-flow. Ĉurr,ent velocities drop rapidly downslope so that this 

mechanism would have greatest potential on the uppermost slope. Suf-

ficiently large channels are probably only present in the area of the 

main channel. **» / 

This mechanism is proposed because significant up and downslope 

currents are"only observed during low-flow conditions (Fig. 3-2). 
i 

I 
These currents may generate weak suspensions and even dilute turbidity 

currents (Shepard" et al., 1979; see Chapter 8)", but are unlikely-, causes' 

of dense turbidity currents. • ' 

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 canyons, 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 
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Figure 9-5. Speculative mechanism for generation of turbidity * 
currents by cross-channel currents. Autosuspension 
occurs on the steep channel walls and turbulence in 
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"of this autosuspension mechanism difficult to assess. 

One must conclude, therefore, that slumping presents a more 

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-

currentiiir the Western Bank area where slumping is not seen to be an 

important process supports this conclusion.- The potential for turbidity 

s current generation by either mechanism is greatest at the head of the 
f 

a „ 

main channel, but the area* of high-relief morphology at the base of 

the upper-slope escarpment may also be an important generating zone. 

(b) TRANSPORT PATHS 

It is generally thought that in 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 3generation point (or zone) and 

the site of deposition. 

/• 

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 both width and vertical relief (Fig. 2-16). This 

does not correspond to the equilibrium profiles observed in other deep-

sea channels (Menard, 1964) or predicted by Komar (1973). Two poss­

ibilities exist to explain this: either (a) the channel is a 

relatively young feature and has not had sufficient time to reach grade 
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or (b)"the. channel was at some time truncated by a slump and is presently 

re-equilibrating. "* 

• The second possibility cannot be ruled out, but there is no 

strong evidence in the deeper penetration seismic profiles for a major 

slump-scar (Fig. 2-4). In fact the evidence suggests bathymetric-con-

trol by deep slump masses, west of the channel. Another pointer is 

• it 

that the channel, although diminishing rapidly, does so gradually rather 

, » 

than abruptly. Thus the first explanation, that the channel is a young,> 
*> 

ungraded feature, seems more likely. 

The channel profile is certainly simllar'^K the predicted early-

stage profile of Komar (1973). However, the basis of Komar's model 

Is that the channel height is controlled by the turbidity-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 .# .2-12 to 2-14). Nevertheless, with this profile, Komar predicts 

W:hat overspill of the turbidity current would be great. This would be 

particularly true of the lower relief section. 

Komar's predictions were derived from a previous result (Komar, 

,1972) which'indicated that the head of" the turbidity current would be 

thicker than the body on slopes greater than (sin 0 = ) 0.0022. At no 

point along its course does the channel gradient decrease to this value, 

so it can be said that any spillover, even from the incised channel 

would most likely be from the head. Theoretical considerations pre­

dict that, in the head of a turbidity current, coarser sediments will 
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be'concentrated while fines are lost and incorporated in the entrained 

body and tail of the flow (Middleton and Hampton, 1976). Thus, it 

follows that overspill from the upper reaches of the channel should be 

in the form of concentrated flows and the resulting deposit should be ; 

relatively coarse-grained and well-sorted. . . '\ 

These are the characteristics shown by the thin sands of Facies 

7. Generally ungraded, they also have sharp tops, indicating a lack 

of fines in the flow that deposited the beds. The deposits' are some­

what reminiscent of crevasse splay deposits in deltaic environments 

(Elliott, 1978). In the deltaic situation, crevassing only occurs by 

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 

Esample sediment from the body of the flow to produce more typically 

graded beds. Simple overspill from the larger flows best explains the 

characteristics of Facies 7. 
n 

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). Slump-head depressions and inter-slump 'depressions are 

1 available to channelise any such wanton flows on the mid-destructional 

slope surface.' Hence one might expect these overspill deposits to be 

restricted to depressions.- This trend was noted in the distribution 

) 
of facies. 
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Figure 9-6. Conceptual illustration of the flow paths of mid-
slope turbidity currents. See text for explanation 

* 
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Although the main channel is probably the site of a majority*of 

«turbIdity-flows, areas other than the channel head have the potential* 

for generation of turbidity currents. If turbidity currents are initi-

ated on the upper slope escarpment at points distant from the main 
» 

channel, they may become channelised within the slump block morphology 

cf the upper slope (Fig. 2-8). Infilling of valleys between slump-

blocks (Fig.J 2-18) with thick sand deposits (Fig. 7-9) strongly indi­

cate that turbidity currents have flowed in these upper slope valleys. 

The actual routes taken by individual flows would be quite complex; 
• 4 

flow divergence and convergence would probably be ̂ common. 

The flows on reaching the more open mid-slope area would behave 

in much the same way as overspill flows from the main channel. The flow, 

however, may be expected in a segfces of pulses and complete head, b4dy 

and tail portions of the current would arrive Thus, these flows may 

deposit muddier, more complex graded and perhaps multiple-graded beds 

of Facies 5 and 8. Some of the sequences of Facies 5 couplets may 

represent amalgamations of several pulses of the same flow. Others, 

however, show discrete hemipelagic interbeds so were deposited from 

discrete events. ' **. * 
*• * 

i 

r ' These specific interpretations of the turbidite facies are attrac­

tive because of their tidiness. However, they are dependent on certain . 
( ' 
* i 

assumptions concerning size and frequency of flows down a main channel 
\ 

which is out of equilibrium. All three facies can be produced by over-
V 

spill of the* channel. ' Core 58 from close to the channel margin (Fig. 

7-4) contains several graded muddy units, presumably derived from the 
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channel . Flows from the upper sLope' blocky- a r ea are n e v e r t h e l e s s 

s t i l l thought t o be important con t r ibu to r s of sediment t o t h e mid-

s lope depress ions . Supply infcbe d e p o s i t i o n a l lobe a rea i s presumably 

much more d i r e c t l y r e l a t e d to flows i n the main channel . A s i m i l a r f ac i e s 

development I s seen i n the lobe a rea (Fig . 7 -7 ) , but t h e channel a t 

t h a t p o i n t i s much reduced i n s i z e , so t h a t both head- and body- t r ans -

ported„sediment i s probably suppl ied d i r e c t l y . Also, S b i p i n g has 

modified the lobe sur face and processes analogous t o those on o the r 

midslope areas may ope ra t e . 

(c) DEPOSITIONAL SITES 

"fcJ 'Three d i f f e r e n t s i t e s a re a v a i l a b l e fo r t u r b i d i t y cur ren t 

p o s i t i o n : (a) d e p o s i t i o n a l l obe , (b) f l a t channel margins Jjte) hummocky 

mid-slope a r e a s . 

(a) The cons t ruc t ion of the d e p o s i t i o n a l lobe cannot be determined 

from t h i s s tudy . The lobe was b u i l t during an ea r l y s t a g e of channel 

development and represen ts the adjustment of the channel to grade i n 

much t h e same way as a r i v e r w i l l cons t ruc t an a l l u v i a l p l a i n i n the 

f l a t reaches of i t s p r o f i l e (Schumm, 1977, p . 5 8 ) . The lobe i s 

morphologically s i m i l a r t o a suprafan lobe (Normark, 1970) and was 

probably s i m i l a r l y cons t ruc ted (see summary i n Rupke, 1978). Subse­

q u e n t l y , the channel has b u i l t . u p and now crosses the lobe (F ig . 7 -1) . 

'Oversp i l l of t h e shallow channel however, was undoubtedly a major 

d e p o s i t i o n a l process and was the main l evee -bu i ld ing mechanism. Core 

80 from the channel margin provides evidence for t h i s p rocess i n the 

form of frequent t h i n sand and grave l beds (F ig . 7 -7 ) . 
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Cp) Deposition on the relatively flat regions surrounding the 

main channel in its upper reaches consisted of fairly regular overspill 

and deposition of both sand and muddy sand-turbidites (Core 28, Fig. 
ft. 

7-4) separated by units of hemipelagic mud. This provides a good indi ­

cation of the number of overspi l l events from the main channel through 

tpa&. The frequency of tu rb id i te beds^is re la t ively low compared to 

the sequence from the morphologically more complex aresa* to the west 

(Fig. 7-4). This provides mtfre strong evidence for turbidity currents 

generated and flowing independent'*bf the main channel. 

v (c) In the mid slope hummocky area, meso-scale morphology exerts 

the strongest control on deposition from turbidity currents. As well 

as acting as transport paths, the interslump and slump head depressions 

wi l l be active s i tes of deposition. The re l ief of the depressions 

ranges from 5 to 15 metres in depth and generally less than a kilometre 

in width. Confinement of turbidity currents in channels with these 

dimensions w i l l beyminimal, so that deposition wi l l be prevalent. 

Several authors nave described channel-fi l l deposits in ancient 

turbidi te sequences (eg. Hall and Stanley, 1973; Mutti, 1973; Carter, 

1979). Most of the described examples are similar in scale to the 

Scotian Slope features, largely because this i s 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 f i l l varies accordingly. None of the . 

examples are specifically associated with slump or s l ide controlled 

morphology. 

/ 
/ 

J 
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In Carter's (1979) study of the Jurassic Otekura Formation 

(New Zealand) \ the channels lie in a background of massive, graded and 

rippled mudstones and siltstones. Packets of thicker-bedded sandstones 

are inferred to have been deposited in slope-channels (Carter et al., 

1978). Channel facieŝ coimprise massive and thick-bedded sandstones, 

graded sandstone to siltstone units and. thin-bedded graded sandstones 

and mudstones. The channel fill sequences are characterised by single 

massive beds at the base, overlain by a "spasmodically" varying sequence 

of graded sandstones and siltstones. Alternating 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. 

Hall and Stanley (1973) describe two channels with a finer-grained 

fill sequence from the Devonian Seboomdok Formation of northern 

Maine. The channels are filled by graded and parallel-laminated silt-

stone with minor mudstone. One channel contains a thick (1 metre) sand­

stone bed which thickens slightly and coarsens significantly toward 

the channel margin. The other, shallower channel contains an amal-
K 

gamated siltstone "upper sedimentation unit" which continues beyond the 

channel 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 appearsfcto have been filled relatively quickly 

by preferential deposition of thicker siltstone units, the time equiv­

alents of thinner sedimentation units outside of the channel. 
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Mutti's (1977)' study of the Eocene Hecho Group (Spain) is useful 

because of his consideration of lateral facies changes. The channels 

are* filled by coarse-grained, thick-bedded deposits with 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 may pinch out completely before 

the channel wall. The channel margin facies consists of thin-bedded, 

laminated fine sandstones and siltstones. Bedding surfaces are often 

Indistinct due either to a lack of mudstone partings or to bioturbation 

but the bedding surface may also have slightly Adulating surfaces. 

.Starved-, climbing- and sinusoidal-ripple laminations are observed. 

These examples are cited because they represent channels which have 

been filled subsequent to rather than penecontemporaneous with erosion. 

Slump bounded depressions can be considered analogies to these examples 

as the depression is filled by later turbidity current deposition. A 

t 
significant characteristic 6|! both coarse- and fine-filled channels is 

the continuity of beds„from the centre'of the channel to the margin and 

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 margin. 

• The sequences in cores from slump-bounded depressions (core 56, 
8 

75, Fig. 7-4; core 52, Fig. 7-5) are probably representative of the 

more marginal fill. The presence of thin slumped beds in all three 
i 
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cores tends to support t h i s . Core 56 has a thick sand bed at i t s base 

which may be more typical of the a x i a l - f i l l deposition. The main 

sequence of the same core i s dominated by graded sand/s i l t to mud couplets 

of Facies 5. Both cores 52 and 75 are finer-grained. Core 52 contains 

three, well-sorted sand beds, perhaps due to i t s proximity to the main 

channel. 

Thus, the f i l l of slump-bounded depressions i s probably similar 

to small-scale channels described-from the ancient record (Fig. 9-8). 

I t can be speculated that the deepest part of the depressions are f i l l ed 

with thicker sand beds. However, i f most turbidi ty currents are re la t ively 

small in sca le , as i s r l i k e l y in the mid-slope area, thin-bedded sands 

and silt/mud couplets may dominate the f i l l . Depressions rarely ex­

periencing turbidi ty currents may contain a muddy f i l l . Sequences wi l l 

tend to fine (and-probably thin) across the margins of the depression, 

as a resul t of individual beds thinning and pinching out l a t e r a l l y . 
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Figure 9-8. Schematic i l l u s t r a t i o n of f the mode of inter-slump 
depression f i l l on the Nova Scotian slope (Scotian 
Gulf dest ruct ional a rea) . 
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CHAPTER 10 \ 
ft 

CONCLUSIONS 

The continental slope, even in intercanyon areas is a sedi-

mentologically complex environment. The use of coring and shallow-

penetration seismic profiling allows the study of only the top five 

to ten metres of the sediment pile. Slumping on various .scales can 

create a variety of meso-scale sub-environments which accumulate 

distinctive facies associations. 

This study has been carried out in an exploratory and 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 

"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. 
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In the Scotian Gulf study area, the slope can be divided into 

five parts. (1) The upper slope has considerable relief which is 

created by large slide blocks accumulated in a 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 and accumulations. (3) Below this area is 

another zone in which larger scale 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 sediment in a suprafan-like depositlonal lobe is crossed by 

the channel in its lower- course. (5) In the western part of the area, 

a remnant of undisturbed, constructional slope remains. A discontinuous 

leveed channel crosses the slope in this area. \ 

Slumping is, observed in the Western Bank area also, but the relief 
A. i 

generated by the slumping is less. A large part of this area has been 

left undisturbed by destructional processes. . 

Modern sedimentation appears to be essentially independent of 

the morphological variations described above. Detailed analysis of 

grain size populations shows that sediment textures are in equilibrium 
A, 

with the observed current regime. Catastrophic events or processes need 
« 

not be invoked to explain the sediment distribution. Sand and mud are 

transported across the shelfbreak in suspension by strong currents which 

are essentially directed along contours, but have a small downslope 

component. Sediment transport is probably intermittent, but resuspension 
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during stronger flows continues the transport of individual particles 
r 

until they reach a current regime where resuspension Is no longer 

possible. Current strengths decrease downslope so that a graduaj." de­

crease in modal grain-size of bottom sediment results, Bedload trans­

port, although less efficient for sand'sizes, is important for gravel 

sized clasts. on the uppermost slope, particularly in the Scotian Gulf 

area. In deeper water, mud continues in suspension and will be 

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. 
11 

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 way can be usefully applied to 
if 

interpret dynamic conditions in other areas of sandy sediment transport. 

i, 

On the slope, ""the effects of less obvious controls on the sediment 

dynamics, such as topographic Rossby waves, can be assessed. 

• ' ' I ' • ' ' ' ' 
Sedimentation in tjie.last 18,000 years probably followed the 

modern pattern and resulted in a very uniform accumulation of sediment 

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 yellow brown 

muds and underlying red-brown or brown muds is recognised and was 

dated at approximately 19,000 yrs B.P. The underlying unit shows a much 

more diverse range of sediment facies, but veyy poor correlation of 
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individual beds between even closely-̂ jpaced cores. Foraminiferan 

assemblages do not chaUge significantly across this boundary, but there 

is a major faunal boundary at a higher stratigraphic level. The faunal 
* 

boundary at approximately 11,000 yrs B.P. represents 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 through the Scotian Gulf became possible. 

The\ red-brown and brown mud deposited on the slope before 19,000 

yrs B.P. was derived from Carboniferous basins of Nova Scotia and the 

Gulf of Sti Lawrence. Most of it was probably supplied to the ocean at 

the margin of the Nova Scotian ice-sheet. Transport across the shelf 

to the slope; was largely in surface water suspension, and may have been 

restricted by the emergence of the outer-shelf banks. Under the maximum 

condition of 110 metre lowering of sea .level, supply would have been 

through the Giilly and the Scotian Gulf. Wisconsinan muds are generally 

finer-grained than 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 

are controlled closely by the morphology. 

Distinct facies associations have been recognised within the 



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 and.thin turbidite 

sand units are found in the mid-slope region. Depressions between slump 

masses are sites of coarser sediment accumulation. Turbidity currents, 

from the upper slope or from overspill of the main channel, flow through 

the mid-slope area, controlled largely by the irregular morphology. 

Deposition occurs preferentially in the depressions; (3) Channel banks 

and levees are characterised by coarse sand and even gravel beds 

deposited from overspilling turbidity currents. Thick mud accumulation 

separate the coarser beds and suggest that only rare turbidity currents 

overspill the channel banks. 

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 

margin has been largely influenced by Pleistocene glaciation and sea-

level fluctuations and the gravelly, sandy shelf-edge which probably 

resulted from the glacial processes, is not typical of mwrgin 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 Scotian 

Gulf acts afe a conduit for shelf/slope water exchange, which again makes 

j 
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this area anomalous even in the limited context of the Nova Scotian 

margin. The range of possible controls on sloae sedimentation illu­

strated here warns against the adoption of the Nova Scotian Slope as 

a model forVontinental slope sedimentation in generaTT 
</ 

^ 

4-
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APPENDIX 1 

) • • 

MARKOV SEQUENCE ANALYSIS OF FINE-GRAINED FACIES 

According to Harbaugh and Bonham Carter (1970, p. 98), a 

.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 "chains" as a result of 

predictable processes. "Any group of facies can be analysed to determine 

whether the transitions between facies follow the predictable Markov 

sequence, by the construction of transition matrices and comparison " 

with matrices produced by random processes. The method outlined by * 

Miall (1973) is used here. 
> 

Ten cores from the Scotian Gulf study area were used in the 

analysis. Facies were identified as described abVve, using X-radio­

graphs. Gradual transitions between facies were noted and used in the . 

analysis, while sharp, possibly erosive transitions were^excluded. The 

only boundaries to be affected by this simplification were those 

overlain by Facies 5 s i l t s . The number of times that a facies passed 

upwards into another was counted and compiled into a Transition Count 

Matrix (Table A-l). These values were normalised into probabilities, 

to give Table A-2. A chi-squared test (Till , 1974* p. 75) of the form 
m < m. 

- ~ 2 lo*e A = ill fil nij loge ^ i 

% 

& 
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m 
was used where X » , JTX f P.1 \ i j 

and P . . * probability in c e l l i j (row/i, column j of the matrix) 

*P. » marginal probability injthe j th column calculated 

• from column t a l ly divided by to ta l t a l ly 

n . •= frequency in c e l l i j of original, t a l ly matrix 

m = number of s ta tes (rows or columns) in the*matrix 

2 2 

and -2 log 0 X follows X (chi-squared) with (m-1) degrees of 

freedom. ' 

For this analysis -2 log A was calculated as 51.66 with 11 degrees 
2 

of freedom. X 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, so the 

independent probability of different transitions will be variable 

according to the relative proportions of the facies. These independent 

probabilities can be computed (Table A*3) and their effect can be 

removed by subtraction from Table A-2 to give a difference matrix 

(Table 5-1). This then highlights the statistically significant trans-

itions as positive values. Values lower than 0.05 cannot be considered 

significant (Cant an.d Walker, 1976). Therefore one positive value' 

(0.01 probability between Facies 2 and 3) in this case has not been 

used. 
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A.l TRANSITION COUNT MATRIX 

Raw Sum 

0 

y 

17 

17 10 13 6 0 46 

A. 2 . TRANSITION PROBABILITY MATRIX 

1 - 0 0.83 0.17 0 

\ 2 0.25 0.37 0.37 0 

0.82. 0 - 0.18 0 

0 0.25 0.75 - 0 

0.37 0.53 0.11 0 

0.37 *v 0.22 0.28 0.13 0 

s 

- 3 3 . 0 * 8. . j 

0 ! - 2 Q 11 • ! 
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A. 3 PROBABILITY INDEPENDENT TRIALS 

2 3 4 

1 - 0.34 0.45 ' 0.21 » 0 

C 

J 

2 0.47 - Q.36 0.17 0 

0.51 0.30 0.18 . 0 

0.42 0.25 0.32 - 0 

0.37 0.22 0.28 0.13 



316 

REFERENCES 

Aalto, K.R. (1972). iEJLysch pebble conglomerate of the Cap-des-Rosiers 
Formation (Ordovician),, Gaspe Peninsula, Quebec. J. Sed. Pet., 
v. 42, p. 922-926.. 

Aksu, A.E. (1980). Late Quaternary Stratigraphy, Paleoenvironmentology 
and Sedimentation History of Baffin Bay* and Davis Strait. Unpubl. 
Ph.D. Thesis, Dalhousie University, Halifax, Nova Scotia. 

Alam, M. (1979). Effect of Pleistocene Climatic Changes on the Sedi­
ments around the Grand Banks. Unpublished Ph.D. Thesis, 
Dalhousie-University, Halifax, Npva Scotia. 

Allen, J.R.L. (1970). Studies in fluviatile sedimentation: ( a com­
parison of fining-upwards cyclothems with special reference to 
eoars1ei-member composition- and interpretation. J. Sedim. Petrol, 
v. 40, p. 298-323. 

Andrews, J.T., Feyling-Hanssen, R.W., Hare, P.E., Miller, G.H., Schlucter, 
C , Stuiver,.M. and Szabo, B.J. (1976). Alternative models of 
early and mid-Wisconsin events, Broughton Island, N.W.T*.: Toward 
a Quaternary chronology. Int. Union. Geol. Sci./UNESCO, Int. 
Geol. Correl. Prog.", Proj. 73/1/24, Bellingham, Prague, p. 12-61. , 

Bagnold, R.A. (1937). The Size Grading of Sand by Wind, Proc. Roy, 
Sac. Lond., Ser. A., v. 163, p. 250-261. 

Bagnold, R.A. (1962). Auto suspension of transported sediment, 
turbidity currents. Proc. Roy. Soc. London, Ser. A., v. 265, ' 
p. 315-319. 

Bagnold, R.A. and Brandorff-Nielsen, 0. (1980). The pattern of natural 
size distributions. Sedimentology, v. 27, p. 199-207. 

Balsam, W.L. and Heuser, L.E. (1976). Direct correlation of sea 
surface palaeotemps, deep circulation and terrestrial palaeo-a 
climates: foram and palynological evidnece from two cores off 
Chesapeake Bay. Mar. Geol., 21, 121-147. 

Banerjee, I. (1977). Experimental study on the effect of deceleration 
, on the vertical sequence of sedimentary structures in silty 

sediments. Jour. Sed. Petrol., v. 47, p. 771-783. 

Bates, CC. (1953). Rational Theory of Delta Formation. A.A.P.G. 
Gull., v. 57, p. 2119-2162. 



317 

Biscaye, P.E. (1964). Mineralogy and sedimentation of the deep sea 
sediment fine fraction of the Atlantic Ocean and the adjacent 
seas and oceans. Unpublished Ph.D. dissertation, Yale Univ., 
86 pp. 

Blatt, H., Middleton, G. and Murray, R. (1980). Origion of Sedi­
mentary' Rocks. Prentice-Hall, New Jersey, 782 pp". 

Bouma, A.H. (1962). Sedimentology of some flysch deposits. Elsevier, 
Amsterdam, 168 pp. 

Bouma, A.H., Moore, G.T. and Colenian, J.M. (1978). Framework, Facies 
and Oil-Trapping Characteristics of thevUpper Continental Margin. 
AAPG Studies in Geology, No. 7,'326 p p . \ 

Bouma, A.H., Rezak, R. -and Chmelik, R.F. (1969)\ Sediment transport 
along oceanic density interfaces. Geol. Soc. Am. Abstr. 7, 
p. 259-260. X 

! Brandorff-Nielsen, 0. (1977). Exponentially decreasing Distributions 
for the Logarithm of Particle Size. Proc. Roy. Soc. Lond., Ser. 
A'., v. 358, p. 401-419. 

Brookes, I.A. (1970). New evidence for an1 independent Wisconsin-age 
ice-.cap over Newfoundland. Can. J. Earth Sci., v. 7, p. 1374-
1382. 

Cant, D.J. and Walker, R.G. (1976). Development of a braided fluvial 
facies model for the Devonian Batte.ry Point Sandstone, Quebec. 
Can. J. Earth Sci., v. 13, p. 102-119. 

Carter, R.M. (1979). Trench-slope channels from the New Zealand 
Jurassic: the Otekura Formation, Sandy Bay, South Otago. 
Sedimentology, v. 26, p. 475-496. 

/' 
' Carter, R.M., Hicks, M.D., Nortis, R.J. and Turnbull, I.H. (1978). 

Sedimentation patterns in an ancient arc-trench-ocean-basin 
complex: Carboniferous to Jurassic Rangitata Orogen, New 
Zealand. IN Sedimentation in Submarine Canyons, Fans and 
.Trenches (eds. D.J. Stanley and G. Kelling) Dowden, Hutchinson 
and Ross, Stroudsburg, Pa., p. 340-361. •"» 

Cashman, K.V., Popenoe, P.4and Chayes, D. (1981). Sidescan Sonar 
Depiction of Slump Features Associated with Diapirism on Con­
tinental Slope off Southeastern United States, (abstr). AAPG-
SEPM Annual Convention, San Francisco. 

Chamberlain, C.K. (1978).r Recognition of Trace Fossils in Cores. 
IN Basan, P.B. (ed.) Trace Fossil Concepts. SEPM Short 
Course No. 5, Oklahoma City. 



318 

Clark, J.A. and Lingle, C.S. (1979). Predicted relative sea level 
changes (18,000 years B.P. to present) caused by late-glacial 
retreat of Antarctic ice sheet, Quat.Res., v. 11, p, 279-298. 

CLIMAP, (1976). The surface of the ice-age earth. Science, v. 191, 
p. 1131-1137. 

Coleman, J.M., Suhavda, J.M., Whelan, T. and Wright, L.D. (1974). 
Mass movement of Mississippi river delta sediments. Trans. 
Gulf-Coast Assoc. Geol. Socs., v. 24, p. 49-68. 

Cook, H.E. (1979). Ancient continental slope sequences and their 
value in understanding modern slope development. IN Geology of 
Continental Slopes (eds. Doyle, L.J.\and Pilkey, O.H.) SEPM 
Special Publication, No. 27, p'. 287-̂ 305. 

5 

Crowell, J.C. (1957). Origin of pebbly mudstones. Geol. Soc. Am. 
Bull., v. 68, p. 993-1009. 

Dale, C.T. (1979). A Study of High Resolution Seismology and Sedi­
mentology on the Offshore Late Quaternary Sediments, Northeast 
of Newfoundland, Unpublished M.Sc. Thesis, Dalhousie University, 
Halifax, Nova Scotia, 180 pp. 

Dalrymple, R.W. (1977), Sediment Dynamics of Macrotidal Sand Bars, 
Bay of Fundy. Unpublished Ph.D. Zhesis, McMaster University. 

Damuth, J.E. (1980). Use of high-frequency (3.5-12 kHz) echograms in 
the study of near-bottom sedimentation processes in the deep sea: 
a review. Mar. Geol., v. 38, p. 51-75. i 

Damuth, J.E. and Embley, R.W. (1981). Mass-transport Processes on 
Amazon Core: Western Equatorial Atlantic. Am. Assoc. Petrol. Geol., 
Bull., v. 65, p. 629-643. 

Dietz, R.S. (1952). Geomorphic evolution of continental terrace 
(continental shelf and slope). Am. Assoc. Petrol. Geol. Bull., 
v. 36, p. 1802-1819. 

Doyle, L.J. and Pilkey, O.H. (1979). Geology of continental slopes. 
* SEPM Special Publication, No. 27, 374 p. 

Doyle, L.J., Pilkey, O.Hi, and Woo, C.C. (1979). Sedimentation on 
the Eastern United States continental slope. IN Doyle, L.J. and 
Pilkey, O.H. (eds.) Geology of Continental Slopes. SEPM Special 
'Publ.. No." 27, p. 119-129. 

Drake, D.E., Kolpack, R.L. and Fischer, P.J. (1972). Sediment transport 
,on the Santa Barbara-Oxnard Shelf, Santa Barbara Channel, California. 
IN Swift, D.J.P., Duane, D.B. and Pilkey, O.H. (eds.) Shelf Sedi­
ment Transport: Process and Pattern. Dowden, Hutchinson and Ross 
Inc. Stroudsburg, Pa., p. 307-331. 



319 

Drapeau, G. and King, L.H. (1972. Surficial Geology of the Yarmouth-
Browns Bank Map Area. Marine Science Paper 2, Geol. Surv. Canada 
Paper 72-24, 6 p. 

Elliott, T. (1978). Deltas. IN Sedimentary Environments and Facies 
(ed. H.G. Reading). Elsevier, p. 97-142. 

Embley, R.W. (1980). The role of mass transport in the distribution 
and character of deep-ocean sediments with special reference t?o 
the North Atlantic. Mar. Geol., v. 38, p. 23-50. 

Embley, R.W. and Jacobi, R. (1977). Distribution and morphology of 
large sediment slides and slumps on an Atlantic continental 
margin. Mar. Geotech., v. 2, p.,205-228. 

Emery, K.O. (1977). Stratigraphy and Structure of pull-apart margins. 
IN Geology of Continental Margins (eds. McFarlan, E., Drake, C.L. 
and Pittman, L.S.) AAPG Continuing Education Course Note Series, 

No. 5, p. B1-B20. 

Enos°, P. (1969). Anatomy of a Flysch. J. Sed. Pet., v. 39, p..680-
723v 

Ewing, M.S., Eittreim, S.L., Ewing, J.I. and LePichon, X., (1971). 
Sediment transport and distribution in the Argentine Basin. 3." 
Nepheloid layer and processes of sedimentation. IN L.H. Ahrens, 
F. Press, S.K. Runcorn and H.C Urey (eds.) Physics and Chemistry 
of the Earth, 8, New York, Pergamon, p. 49-77. 

Field, M.G. and Clarke, S.H. Jr.\£l979). Small-scale slumps lad slides 
and their significance for basin slope processes, Southern Cali­
fornia Borderland. IN Doyle, L.J. and'Pilkey, Q.H. (eds.) Geology 
of Continental Slopes, SEPM Special Publ., No. 27, p. 223-230. 

Fillon, R.H. (1976). Hamilton Bank, Labrador Shelf postglacial sediment 
dynamics and palaec—oceanography. Mar. Geol., v. 20, p. 7-25. 

Flint, R.F., Demorest, M. and Washburn, A.L. (1942). Glaciation of 
the Schickshock Mountains, Gaspe Peninsula. GSA Bull., v. 53, 
p. 1211-1230.' 

Folk, R.L. (1966). A review of grain-size parameters. Sedimentology, 
v. 6, p. 73-93. 

* 
Foote, T.R., Mann, C.R. and Grant, A.B, (1965). Oceanographic results 

of cruise S-64 between the Scotian Shelf, Grand Banks of Newfoundland 
and the Gulf Stream. Bedford Institute Report, 65-8, 40 pp. 

Friedman, G.M. and Sanders, J.E. (1978). Principles of Sedimentology. 
John Wiley and Sons, New York, 792 pp. 



320 

I 

Fuglister, F.C. and Worthington, L.V, (1951). Some results of a 
multiple-ship survey of the Gulf Stream. Tellus, v. 3, p. 1-14. 

Gatien, M.G. (1975). A study of the slope water region, south of 
Halifax. Unpublished M.Sc. Thesis, Dalhousie University, Halifax,-
Nova Scotia. 

Grant, D.R. (1977). Glacial Style and Ice Limits, the Quaternary 
Stratigraphic Record and Changes of Land and Ocean Level in the 
Atlantic Provinces, Canada. Geogr. Phys. Quat., v. XXXI, p; 247-
260. 

0 

I 

Hall , B.A. and Stanley, D.J. (1973). Levee-bounded submarine base-of-
slope channels in the lower Devonian Seboomook Formation, Northern 
.Maine. Geol.^ Soc. Amer., Bu l l . , v, 84, ?". 2101-2110. 

Hampton, M.A, (1970). Subaqueous debris flow and generation of 
turbidity currents. Unpublished Ph.D. Thesis, Stanford University, 
Stanford, Calif . , 18Q p. ' 

o 

Harbaugh, J.W. and'Bonham-Carter, G. (1970). Computer Simulation in 
Geology. Wiley-Interscience, New York. 
\, - v ' < 

Hardy, I.A. (1975). Lithostratigraphy of the Banquereau Formation 
on ,the Scotian Shelf. IN van der Linden, W.J.M. and Wade, J.A. 
(eds.) Offshore Geology of Eastern Canada, v. 2, Geol. Surv. 
Canada, Paper 74-30, p. .163-1741 

.Harland, W.B*., Herod, K.N., and Krinsley, D.H. (1966). The Definition 
and Identification of Tills and Tillites. Earth Sci. Rev., v. 2, 
p. 225-256. 

Harris, I. McK.., and Schenk, P.E. (1975). The Meguma Group. IN 
• Ancient Sediments of.Nova Scotia (I. McK. Harris, ed.). SEPM 

Eastern Section Field Guide, 1975. 
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