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ABSTRACT 

The Minas Basin of the Bay of Fundy in Nova Scotia is a dynamic macro-tidal system 
providing great potential for harnessing tidal power. Tidal power extraction would affect 
flow speeds, which in tum may alter sediment size on the seabed. Because sediment size 
is a fundamental determinant of benthic community structure, extraction of energy could 
affect habitats in the Basin. A previous study indicated that the sediment distribution within 
the Bay of Fundy is not in equilibrium with the maximum tidal bed shear stress [Gelati, 
2012]. Based on comparison of stresses predicted by a 3-D ocean circulation model and 
measured sediment sizes, the study showed that the competent mean grain sizes within the 
Bay of Fundy are generally coarser than observed mean grain sizes, suggesting that bed 
shear stress is not the dominant determinant of sediment texture in the Bay of Fundy. This 
thesis examines an alternate hypothesis that seabed sediment texture of the Minas Basin is 
determined by the texture of sediments entering the Basin through erosion of the 
surrounding cliffs, and not by local seabed stresses exerted by tidal currents. The objectives 
of this study are to (1) determine the grain size distribution of onshore samples and (2) 
compare the mean grain sizes to those found within the Basin. To test this hypothesis, 
samples of bedrock, unconsolidated beach sediments, and till (N=56, 29, and 7, 
respectively) were collected from four locations around the Minas Basin and compared to 
seabed samples collected from the Basin (N= 161) by others. Analysis of samples suggests 
that grain sizes of eroding cliffs are similar to the grain sizes within the Basin. This is 
interpreted to support the idea that sediment derived by erosion of surrounding cliffs 
overprints the seabed sediment texture. Therefore it is unlikely that changes in energy 
caused by in-stream tidal turbines would have a large effect on the size of sediments in the 
Basin. 
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CHAPTER 1 INTRODUCTION 

1.1 Introduction 

The Minas Basin, Nova Scotia, is a dynamic macro-tidal system that is home to 

many intertidal and benthic organisms, as well as many migratory birds. In addition to 

providing unique habitats, the Minas Basin also has potential for harnessing tidal power. It 

has the largest tidal range in the world and tidal currents of up to 5 m s-1 [Hasegawa et al., 

2011]. Simulations of the effect of tidal power extraction predict a decrease in tidal range 

during extraction [Hasegawa et al., 2011]. Reduced energy of flow could cause a decrease 

in sediment size. Therefore, extraction of energy could affect habitats by alterin~ sediment 

texture. Alternatively, if input of sediment into a basin is large, then sediment texture can 

be defmed by texture of input rather than by energy of the flows within the basin. In order 

to address the effects of tidal power development on grain size distribution and benthic 

habitat, it is important to understand the dominant control on seabed sediment texture. 

The objectives of this thesis are to (1) determine the grain size distribution of 

eroding cliffs and (2) compare the mean grain sizes to those found in the Minas Basin. 

These objectives are addressed by quantifying and comparing grain sizes of samples 

collected from onshore samples to grain sizes of cores of Basin sediments. 

The structure of this thesis is as follows. Chapter 2 provides background. Chapter 

3 outlines the methods used for collection, lab work, and statistical analysis of lab data. 

Chapter 4 presents the results on grain size distribution. Chapter 5 discusses the results in 

terms of the controls on sediment transport and texture and of the effect of tidal power on 

sediment texture within the Minas Basin. Lastly, Chapter 6 will conclude with an 

interpretation of sediment texture in the Minas Basin and suggest possibilities for future 

work. 

1 



2 

CHAPTER2BACKGROUND 
2.1 Sediment texture 

The sediment texture of a system is defmed by the erosional and depositional 

processes. Erosion is the removal and transport of sediment, whereas deposition is the 

transport and placement of sediment. The amount and size of sediment in a system is 

determined by the system's competence, capacity, and supply of sediment [Hickin, 1995]. 

The competent mean grain size is the largest particle that a flow is capable of moving 

[Baker and Ritter, 1975]. The capacity refers to the maximum amount of sediment of a 

given size that the system can transport. Transport capacity is the competence-limited 

sediment transport, which only occurs if the supply is non-limiting. The sediment supply 

is the amount of sediment available to be transported. When a system is in hydrodynamic 

equilibrium, the competent mean grain size, capacity, and sediment supply can be used to 

infer local hydraulic stresses or, conversely, to predict changes in grain size caused by 

changes in local hydraulic stresses. 

Sediment texture that is in equilibrium with local hydrodynamic stresses can be 

described through the concept of competent mean grain size. At equilibrium, the largest 

observed mean grain size of the system is determined by the maximum shear stress on the 

seabed [Baker and Ritter, 1975]. The Shields diagram allows one to determine the shear 

stress necessary to mobilise a particle of a given size and density (figure 2-1). Figure 2-1 

indicates regions of hydraulically smooth, transitional, and turbulent flow [Buffmgton and 

Montgomery, 1997]. Critical shear stress (rc) is plotted against the Reynolds number 

(Re*c), where: r* cso = Tcsof((Ps - p )gD50 )) andRe* c = (u* cD50 )/v. The variables Ps and p 

are densities of the sediment and seawater, g is gravitation~! acceleration, Ds is the sediment 

particle diameter of interest, U*iS the critical shear velocity, and vis the kinematic viscosity. 
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Figure 2-1 Shields diagram for sediment mixture at median grain size, Dso [modified by Buffington and 
Montgomery, 1997; annotated by author]. 

Stability of subaqueous bed sediment is dependent on the balance between forces 

which cause erosion and the resistive forces within the sediment [Grabowski et al., 2011]. 

Physical properties that can affect sediment erodibility are mean particle size, relative 

proportions of sand and mud, and water content. For instance, addition of clay to a sandy 

substrate increases resistance to erode by increasing cohesion. Biological properties 

affecting erodibility include burrows, feeding and egestion, and disturbance of the sediment 

surface [Grabowski et al., 2011]. The Hjiilstrom diagram (figure 2-2a) plots empirical 

boundaries of when a given grain size will be entrained, transported, or deposited at a given 

velocity. The Postma diagr~ (figure 2-2b) plots the same boundaries at varying water 

. contents. 
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Figure 2-2 The (a) Hjiilstrom and (b) Postma diagrams for erosion, transportation, and deposition of particle 
sizes at mean current velocity [from Grabowski et al., 2011]. 

Advances in numerical modelling have led to more complex and situational 

estimates on what causes sediments to erode, building from the original ideas proposed for 

stress and erosion at a given particle size. Porter-Smith et al. [2004] proposed a 

classification scheme to determine if tide, wave, or circulation currents are the primary 

cause of sediment erosion on a continental shelf. Tide-dominated locations are 

characterized where percentage of mobilisation of sediments by tidal currents exceeds two 

times the mobilisation caused by wave or circulation currents. Wave and circulation 

dominated are similarly defmed. Wave-to-tidal ratio allows an assessment of the relative 
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importance of these mechanisms for mobilising bottom sediments. Porter-Smith et al. 

[2004] devised a six-part classification scheme: zero mobility, wave only, tide only, wave­

dominated, tide-dominated, and mixed. Tide-only regions had a finer mean grain size and 

higher mean mud content than wave-only regions. This was explained by differences in 

sediment winnowing and trapping by waves and tides. Mud was trapped the most during 

flood and along shore tidal currents, and trapped the least during ebb tidal currents [Porter­

Smith et al., 2004]. Mean grain size, sorting, and skewness follow trends that can be used 

to identify the direction of transport, as wells as sedimentary processes such as winnowing, 

selective deposition, and total deposition [McLaren, 1984]. 

Tidal currents have been identified globally as a renewable resource with potential 

for economic energy extraction [Neill et al., 2009]. In-stream tidal turbines work by 

intercepting kinetic energy from strong tidal currents, similar to wind turbines. A 

hydrodynamic model presented by Neill et al. [2009] found that a small amount of energy 

~xtracted from a tidal system can lead to significant impacts on sediment dynamics. For 

example, morphodynamic changes occurred up to 50 km from location of extraction. 

Furthermore the model shows that placement of in-stream turbines in relation to tidal 

asymmetry magnitudes had a large effect on sediment texture. Energy extraction from 

regions with high tidal asymmetry (where residual transport of sediment occurs in the flood 

or ebb direction), will have a much larger influence on broad sediment dynamics than 

energy extracted from regions with low tidal asymmetry [Neill et al., 2009]. Changes in 

sediment d)'namics caused by a decrease in energy within a system may affect habitats of 

species that live in close association with the sea floor 
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2.1.1 Effect of seabed sediment texture on habitat 

Benthic habitats may be distinguished based on sediment composition, grain size 

properties, · transportation rate, and frequency of resuspension. On sediment-mantled 

continental shelves measurements of sediment mobility can provide a basis to predict the 

spatial and temporal distribution of benthic habitats [Porter-Smith et al., 2004]. Nutrient 

release from fine sand to mud substrate was recorded during plumes caused by dredging. 

Frequency of plumes were interpreted to be related to a s.ignificant enhancement of species 

richness and abundance of benthic biota, i.e. fauna responding to increased resources 

[Poiner and Kennedy, 1984]. This suggests a link between the structures ofinfauna benthic 

communities and episodic sediment erosion. A documented example of this is the copepod 

Eurytemora herdmani, which usually is most abundant in highly turbid waters, because it 

can maintain itself on particulate matter less than 60 J..Lm in diameter [Dabom and 

Pennachetti, 1979]. 

Seabed sediment texture also influences larger organisms that live near the sea 

floor. For example, Atlantic cod was consistently found to be associated with cobble and 

gravel sized grains, because cod use the cobble substrate as nursery areas. Goosefish, hake 

fishes, and flatfish were commonly found in fine sand sized substrate, making use of a 

cover of sandy sediments to hide from prey [Methratta and Link, 2006]. Other factors that 

determine species selection for habitats are sediment mobility, waveforms, biogenic 

structures, and substrate relief. For example, skate species are found to be associated with 

flat sand [Methratta and Link, 2006]. 

Because of the well-documented relationship between marine species and sediment 

texture, the construction, operation, and decommissioning of in-stream tidal turbines will 
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likely have an effect on the habitat of benthic communities. Major consequences of 

installation and decommission phases are sediment removal and disturbance. Local 

sediment may be removed and smother a neighboring habitat. Resuspension of sediments 

high in organic matter may reduce the available dissolved oxygen concentration [Gill, 

20 15]. Habitat connectivity may be affected and could result in changes to community size 

and structure [Gill, 2005]. 

2.2 The Minas Basin 

The Minas Basin is a semi-enclosed, macrotidal embayment located along the 

westernmost coast of Nova Scotia. It is subdivided into the main basin, which includes the 

Cornwallis, A von, and Kennetcook River estuaries, and the easternmost Cobequid Bay, 

including the Salmon and Shubenacadie River estuaries. The Minas Passage narrowly 

connects the Minas Basin to the Bay of Fundy, then onwards to the Gulf of Maine and the 

Atlantic Ocean (figure 2-3). 

N 

A 
Minas Passage 

Selmon River 
•TtUIO 

Cobequid B!Jy 
Minas Channel Central Minas Ba~n 

Shubenacadie River Bay of Fundy 
Southern Bight 

Comwallill River · ·WoiYh 

/Won River 

0 25 

Figure 2-3 Regional map of Minas Basin. Shape files provided by Natural Resources Canada in GeoGratis as 
Can Vee data. 

50Km 
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2.2.1 Ecology of intertidal species 

The Minas Basin supl?orts many productive and diverse ecosystems [Brooks et al., 

· 1999; Buzeta, 2014; Peer, 1980]. Large tidal range's and fast water flow promote nutrient 

cycling from coastal marshes, mudflats, and estuaries to the Basin and out into the Bay of 

Fundy. High productivity rates have been quantified in the intertidal mudflats due to this 

tidal flushing [Buzeta, 2014]. During the flood tide, nutrients and dissolved oxygen are 

transported over the mudflats to benthic organisms living in them. And waste is removed 

during the ebb tide. Additionally, over 40 species of fish have been found in the upper Bay 

of Fundy at high tide, where bottom feeders feed primarily on benthic invertebrates [Yeo 

and Risk, 1979]. 

Buzeta [20 14] identified and reviewed the ecologically and biologically significant 

areas in the Bay of Fundy using data compiled from reports published by Fisheries and 

Oceans Canada. The following information was collected from the review. Large 

populations of Barnea truncate, or the Atlantic Mud-piddock clam, and the amphipod 

specie Corophium volutator live within mudflats in the Minas Basin. The Atlantic Mud­

piddock is a warm water species unique only to the Minas Basin. C. volutator requires a 

unique combination of sand, silt, and clay for building their burrows. In addition to 

providing habitat for organisms that burrow in the substrate, the sediment texture of the 

Basin affects habitat suitability for algae. Kelp beds (.(.aminaria spp.), dulse, and coralline 

alga (Coral/ina officina/is) are found in waters near Cape · Blomidon; Mudflats are 

significant areas for birds that feed on abundant C. volutator. This is particularly important 

during the fall migration of the Semipalmated Plover, as they rely on this food source to 

build fat in preparation for migration [Buzeta, 2014]. C. volutator population densities 
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within the substrate were at a maximum when the sediment was composed of 70% very 

fine sand, 30% silt and clay with a 20-25% water content [Peer, 1980]. 

The ecology of the Bay of Fundy is important to the commercial fishing industries 

of Eastern Canada and the USA. Cobscook Bay in the lower Bay of Fundy supports a large 

array of benthic organisms, including scallops, clams, mussels, and macroalgae. These are 

all sold commercially, and have large economical value [Brooks et al., 1999]. Increased 

productivity and diversity observed in Cobscook Bay is attributed to the large tides and 

associated exchange of nutrients when the tides flush the system [Brooks et al., 1999]. 

2.2.2 Regional geology and sediments 

The Minas Basin is surrounded by eroding sandstone and basalt cliffs. The Fundy 

Group, comprised of McCoy Brook, North Mountain, Blomidon, and Wolfville 

Formations, is the most common. These rocks are Triassic to Jurassic in age and are 

primarily fluvial sourced sandstones and conglomerates, -with minor tholeiitic basalts. The 

Port Hood Formation is found along the north coast of the Basin and is Carboniferous age. 

It is also interpreted as fluvial sandstones and conglomerates. The Windsor Group is 

located along the south coast of the Basin, and is composed of evaporates. The Windsor 

Group lies unconformably on the Carboniferous-aged Horton Group, which includes the 

Cheverie and Horton Bluff Formations consisting of predominantly fluvial sandstones and 

conglomerates. Geological classification is compiled by Keppie [2000]. A satellite image 

reveals high suspended sediment concentration at the head of the Basin [figure 2-4]. The 
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presence of extensive intertidal sand flats visible during low tide are further evidence of 

sedimentation and sediment movement within the Basin [Amos and Long, 1980]. 

64°06' w 

0 20Km 

Figure 2-4 Satellite image of the Minas Basin. High turbidity waters are observed at the mouth of the A von River and 
in Cobequid Bay (mouth of Salmon and Shubenacadie Rivers). Image obtained from Google Earth, 2015. 

Mean grain size measurements of seabed samples collected by the Geological 

Survey of Canada and compiled by Li et al. [20 15] show that the upper Bay of Fundy is 

dominated by medium to coarse sand, while the middle and lower Bay are covered by 

coarse sand and gravel. Within the Minas Basin system, coarsest sediment is found within 

Minas Channel, the northern coast of Minas Passage, and the central Minas Basin. The 

southern part of Minas Basin and Cobequid Bay are predominantly finer grained [Wu et 

al., 2011]. Based on calculations from 158 cliff height measurements and 20 recession 

measurements of cliff segments surrounding the Minas Basin, Amos and Long [1980] 

reported the largest volume of material entering the basin was from Five Islands and Cape 

Blomidon. 
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2.2.3 Tidal Setting 

The Bay of Fundy has a semi diurnal tidal period. Tidal range varies from 2.4 m at 

the mouth of the Bay to 16.3 min the Minas Basin, with a mean tidal range of 11.9 m 

[Amos and Long, 1980]. The natural tide period of the Bay of Fundy-Gulf of Maine system 

is slightly longer than the period of the dominant semidiurnal lunar (M2) tide. The high 

tides are a result of the , near-resonance between these two periods. There is a direct 

relationship between tidal amplitude and current speed [Amos and Long, 1980]. 

A maximum tidal current of 5 m s-1 occurs in the Minas Passage [Hasegawa et al., 

2011]. Strong tidal currents are important for the mobilisation of bottom sediments. Models 

have shown that within the Minas Passage and Basin, tidal current shear velocities reach 

up to 10 em s-1 and 5 em s-1
, respectively [Li et al., 2015]. Tidal currents, as opposed to 

wave and circulation currents, have the largest effect on sediment mobilisation within the 

Minas Basin system. Wave shear velocity is typically 4 times less than tidal shear velocity. 

Sediment is mobilised by tidal currents greater than 30% of the time over most of the Bay 

of Fundy and 100% of the time in the Minas Passage. Comparatively, sediment is mobilised 

by waves only in shallow waters at the immediate coast [Li et al., 2015]. 

2.2.4 Previous Work: Implications of tidal power 

Focus on the Minas Basin sediment texture and transport began in the late 1970s as 

a result of new tidal energy proposals to install tidal barrages. Installation was predicted to 

reduce circulation and cause deposition of sand around the barrages and permanent 

deposition of mud on the intertidal flats [Yeo and Risk, 1979]. Extraction of tidal energy 

was linked to a reduction in total primary productivity due to a decrease in efficiency of 

tidal flushing of nutrients and waster [Yeo and Risk, 1979]. Amos and Long [ 1980] created 
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a sediment budget from a simple input-output schematic model. Minas Basin inputs are (1) 

surrounding eroding cliffs, (2) rivers draining into the Basin, (3) seabed re-working, and 

(4) transport from the outer Bay of Fundy through the Minas Passage. And output of 

sediments from the Basin was ·through the Minas Passage. Cliff recession rates were 

measured from aerial photographs for 1939 to 1964 at 105 different sites. Mean recession 

was 0.55 m y-I, with maximums of 1.5 m y-1 and 1.6 m y-1 at Five Islands and the north 

shore of Cobequid Bay, respectively. An estimated 4.8x 106 m3 y-1 of sediment was input 

into the Basin, where 58% was sand, 35% silt, and 7% coarser material. 

Since then, advances in technology have shifted the focus from tidal dams or 

barrages to in-stream tidal turbines. Current research is now focused on installation of in­

stream tidal turbines in the Minas Basin [Karsten et al., 2008; Wu et al., 2011; Hasewaga 

et al., 2011; Ashall et al., 2016]. Recent studies have used numerical models to investigate 

relationships between tidal forces, sediment mobility, and transport paths. Karsten et al. 

[2008] predicted that a maximum of 7 GW of power could be extracted from the Minas 

Basin, resulting in a 36% decrease in tidal amplitude. A less ambitious extraction scenario 

of2.5 GW would not have large effects on the far-field tidal amplitudes. A maximum tidal 

current of 5 m s-1 was predicted for the Minas Passage and ~2m s-1 within the Minas Basin 

[Li et al., 2015]. Using similar models, changes in sediment transport and distribution 

caused by changes in tidal energy have been predicted. 

Within the Minas Basin system, sediments are transported predominantly as 

bedload, rather than suspended load. Bedload transport is most active in the Minas 

Channel, Minas Passage, and Cobequid Bay [Wu et al., 2011]. A maximum bedload 
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transport rate 1 of 2 kg m-1 s-1 was determined in the western Minas Passage, compared to 

0.01 kg m-1 s-1 in open coastal waters. Suspended load transport rate in the Minas Channel 

and Passage is ~0.1 kg m-1 s-1, and only 0.01 kg m-1 s-1 in the central part of the Basin. A 

comparison of the distribution of observed bottom _sediment grain size and modelled shear 

stress, indicates a relationship between high stress and coarser grain size in the Minas 

Passage and northern Minas Channel. However, fme sediments observed in the central 

Basin were not associated with low shear stress levels [Wu et al., 2011]. The model by Wu 

et al. [20 11] overestimated the bedload transport rate flux within the Basin. Similarly, 

Gelati [20 12] calculated that competent mean grain sizes within the Bay of Fundy are 

generally coarser than observed mean grain size. This was interpreted as the observed 

seabed texture is not in equilibrium with the maximum tidal bed shear stress. 

R2 plots by Gelati [2012], of competent mean phi grain size against observed mean 

phi grain size show data points below the 1: 1 line for locations within the Bay of Fundy 

and the Minas Basin. Illustrating a competent mean grain size coarser than observed mean 

grain size. Additionally a proportional relationship between increasing stress and 

increasing grain size did not exist for the Bay of Fundy. Conversely, results for the Gulf of 

Maine show an increase in grain size with increase tidal bed shear-stress, as well as 

particles following a calculated competent mean grain size better than those within the Bay 

of Fundy. Competent mean grain size was computed using maximum modeled tidal bed 

shear stress and a corresponding critical erosion value. Observed mean grain size was 

determined from multiple data sets. 

1 Sediment transport rate was defined as the total mass transport of sediment per unit length of lateral cross 
section, perpendicular to the vector transport, therefore units are kg s-1 m-1• This quantity was integrated along 
a transect of interest to give total transport through section. 
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For competent and observed grain sizes to match, the following assumptions must 

\ 
hold [Gelati, 2012]: (1) Tidal near-bed currents, as opposed to wave, are the dominant 

source of bed-shear stress, (2) sediment supply of grain sizes smaller than competence does 

not exceed transport capacity, (3) all grains are resuspended under maximum bed shear 

stress, and (4) there is residual near-bed flow. Therefore, using this approach, if tidal bed 

shear stress changes, everything else being equal, sediment texture will change 

ac~ordingly. Gelati [2012] determined that an absence of residual flow or frequent transport 

of sand are not the source of disagreement between competent and observed grain size. It 

is most likely that a high input of sediment supply finer than the competent mean grain size 

is the main source of disagreement. It is estimated that 2.72x 106 m3 a-1 of mainly sand sized 

material is being eroded from adjacent cliffs into the Basin, compared to ~5x 104 m3 a-1 of 

input by fluvial sediment [Amos and Long, 1980]. This thesis examines an alternate 

hypothesis proposed by Gelati [2012], that sediment supply from erosion of the adjacent 

cliffs is the likely cause of the disagreement between competent and observed mean grain 

size. I will investigate the relationship between seabed sediment texture in the Minas Basin 

and the grain size distribution of material supplied from erosion of adjacent cliffs. 
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CHAPTER 3 METHODS 

3.1 Onshore Sample selection 

Sampling took place over three field days in July and August 2015. Samples 

collected by Fernandes and Hill in July 2014 are also used for data analysis. Figure 3-1 

provides a map of the locations of samples from GPS measurements. A total of92 samples 

collected from bedrock (56), unconsolidated beach sediments (29), and till (7) are used for 

grain size distribution analysis. Samples spaced approximately 175 m apart were collected 

with a trowel and placed in Ziploc bags. 
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Figure 3-1 Distribution of samples collected on the shores of and within the Minas Basin, NS. 

3.1.1 Seabed Samples 

Seabed sediment distribution analysis was done on samples collected by Bedford 

Institution of Oceanography (BIO) scientists in June 2013. Ninety-two nearshore samples 

were collected using Van Veen and Ekman grabs, as well as, sixty-nine deep-water (> 30 

N 

A 

40 Km 
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to 40 m depth) samples using a Video Grab instrument by the crew on the CGS Hudson. 

Samples were dried, crushed, and sieved at the BIO. 

3.2 Sieve Analysis 

Approximately 150 grams from each sample was weighed and dried in an oven for 

at least 24 hours. Dried samples were weighed, crushed, and washed through a 63 J.lm sieve. 

After wet-sieving, samples were dried and re-weighed to determine the proportion of 

sediments less than 63 J.tm. The remaining sediment was put through a standard sieve set 

ranging from 2 mm to 63 J.lm and shaken for 20 minutes. Fraction retained on each sieve 

was recorded. 

3.3 Data Analysis 

The data obtained from sieving was used to create graphical representations of 

weight distribution of samples and to compare with the distribution for seabed samples. 

Mean and standard deviation were calculated as described by Tanner [1995]. Tables 3-1 

and 3-2 provide verbal classification of mean and standard deviation, adopted from Folk 

and Ward [1957]. 

Table 3-1 Textural class names of grain sizes [Folk and Ward, 1957] 

Texture Cl> Size Metric size (JJm) 

Gravel < -1 >2000 

Very coarse sand -1 to 0 2000-1000 

Coarse sand 0 to I 1000-500 

Medium sand 1 to 2 500-250 

Fine sand 2 to 3 250-125 

Very fine sand 3 to 4 125-63 

Silt and clay >4 <63 



Table 3-2 Geometric sorting verbal classification [Folk and Ward, 1957] 

Sorting 

Very well sorted 

Well sorted 

Moderately w~ll sorted 

Moderately sorted 

Poorly Sorted 

Value 

<0.35 

0.35-0.50 

0.50 to 0.70 

0.70 to 1.00 

1.00 to 2.00 

17 



CHAPTER 4 RESULTS 

4.1 Grain size distribution of total sieved sample 

18 

Mean retained weight percent of gravel ( < -1 <!> ), sand ( -1 to 4 q, ), and silts and clays 

(> 4 <J>) were plotted for each sediment source (fig 4-1). Each sediment source, except the 

glacial tills and deep-water Basin samples, was dominated by sand. Till had approximately 

equal proportions of sand and mud (silt and clay) with a small gravel fraction, and the deep-

water sediments from the Basin had appr~ximately equal percentages of gravel and sand 

with a small mud fraction. Gravel content was less than 20% for all but the deep-water 

sediments. Silt and clay percentages decreased distally from onshore to offshore. Figure 

4-2 plots each sediment type on a gravel-sand-mud trigon diagram. Based on this 

classification scheme, deep-water sediments plot within the gravel comer, till plot within 

the mud comer, and beach, cliff, and nearshore samples plot in the sand comer. 

0 20 40 60 80 

Deep Water 

NearShore 
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% 

Figure 4-1 Average percent distribution of gravel, sand, and silt and clay sized particles for till (n=7), cliff 
(n=56), beach (n=29), near shore (92), and deep-water (n=69) sediment samples. 

80 
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Conventions 

UPPER CASE 
lower case 
() 
(v) 

largest component (noun) 
descriptive term (adjective) 
slightly (qualification} 
very slightly (qualification} 

Terms used 
G gravel 
S sand 
M mud 
Sl slit 
C clay 

g gravelly 
s sandy 
m muddy 
sl silty 
c clayey 

(g) slightly gravelly 
(s) slightly sandy 
(m) slightly muddy 
(sl) slightly silty 
(c) slightly clayey 

(vg) very slightly gravelly 
(vs) very slightly sandy 
(vm} very slightly muddy 
(vsi) very slightly silty 
(vc) very slightly clayey 

Figure 4-2 Average percent distribution of gravel , sand, and silt and clay sized particles for each sediment 
type plotted on gravel-sand-mud trigon [Blott and Pye, 2001]. 

4.2 Grain Size Distribution of sand sized portion 

The sand size portion of the grains were compared because that was the size of 

interest, as well as grains larger than gravel and smaller than mud were not constrained on 

either side. Figure 4-3 plots the sand grain size distribution of percent retained weight at 

each sieve. Highest percent retained weight of till occurred on the -3.2 <I> sieve at Blomidon 

and Horton Bluff, whereas at Economy Point most of the sediment was retained on the 4 <I> 

sieve. Cliff sediment frequency distribution had a modal phi size less than till. At Blomidon 

and Hortons Economy point, sediment from the cliffs was retained primarily on the 3.0 <I> 

sieve, whereas at Hortons Bluff it was distributed primarily on the 1.5 <I> sieve. Most 
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common grain size of beach sediment sources was ~ 1.5 <j>. Beach sediments present the 

most normal distribution of grain sizes. Till and cliff distributions are fine-skewed. 

N~~ON~~ON~~ON~~O 
oddd~~~~~~~~~~~~~ 

Retained weight% on sieve (CI>) 
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5 

0 

Figure 4-3 Frequency of average grain sizes of sand portion ( -1 to 4 <P) of land samples by location. Data 
averaged over same number of samples as in figure 4-1. 

Frequency of retained weight of sieves in the sand grain size range was plotted for 

near shore and deep-water sources, at each location (fig 4-4 and 4-5, respectively). Highest 

percent retained occurred on the 3.0 <1> sieve in the Avon River and Southern Bight 

locations. Moving northwest in the Basin, the distribution coarsened to 2.0 <I> in Cobequid 

Bay. Distribution of deep-water sediment sources show 2.0 <I> as the modal grain size. 
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Figure 4-4 Frequency of average grain sizes of sand portion ( -1 to 4 cp) of nearshore seabed samples by 
location. Data averaged over same number of samples as in figure 4.1. 

Retained weight 'Yo on sieve (4>) 

Figure 4-5 Frequency of average grain sizes of sand portion ( -1 to 4 cp) of deep-water seabed samples by 
location. Data averaged over same number of samples as in figure 4.1. 

Average size of land samples of the sand portion was fme sand, compared to 

medium sand from all seabed samples. Land samples were more sorted than seabed. Beach 

samples were the most sorted, followed by till, then deep-water, near shore, arid least sorted 

was cliff. Figure 4-6 shows the distribution of means based on sediment source. Deep-

water sediments have the coarsest grain size distribution. Cliff, beach, and nearshore 

medians are all ~2.25 ~size. Till has the finest distribution of mean grain size. Nearshore 
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and cliff sediments are widely distributed across ,..., 1.0 to 3.5 <1> size range, whereas the 

distribution of beach sediments is more constrained to 1.5 to 3.0 <j>. Till and deep-water 

sediments are the only sources that do not overlap in grain size distribution. The medians 

of cliff, beach, and near shore sediment sources all plot within one another's mean 

distribution. Although silt and gravel amounts vary between location and sediment type, 

each distribution has a mean and median grain size in the sand size range. 

Deep Water 0 Oo» 0 

Near Shore 

Beach 

Cliff 

Till 0 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 
Mean(+) 

Figure 4-6 Boxplot of mean grain sizes for each sediment source. Left and right edges represent first and third 
quartiles, boxes middle lines represent the medians, whiskers represent values 1.5 times the respective 
interquartile distances, and open circles represent outliers. 

4.3 Errors on sieving method 

Sample B-13 was sieved five times to compute the standard error of one sample. 

This was compared to the standard error of a transect of beach sediment samples (13, 14, 

17, 20, and 22). The sample standard deviation of B-13 was smaller than the sample 

standard deviation across five different locations. Because within sample variability is 

smaller than geographic variability among samples collected from the same beach, 

observed differences among samples indicate different conditions among sites rather than 

random variation caused by the sieving methodology. 



CHAPTER 5 DISCUSSION 
5.1 Controls on sediment transport 
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Within the Minas Basin system, there is a textural transition of sediments 

coarsening from onshore to offshore. The average phi size decreases from land to seabed 

samples. Data are in agreement with the characteristic sediment pattern observed at tide-

dominated coasts. The decrease in percent silt and clay as shown in figure 4-1 is attributed 

to winnowing of fine sediments, rather than addition of coarser sized grains. A landward 

decrease in tidal energy tends to cause a landward fining of sediments along a tidal flat 

[Daidu et al., 2013]. 

Tides dominate sediment transport in the Minas Basin [Li et al., 201 0; Wu et al., 

2011; Swift, 1967; McLaren 1978]. The Basin has 360 km2 of intertidal flats, concentrated 

in Cobequid Bay and the Southern Bight regions [Ashall et al., 2016]. Sediment sorting 

along a tidal flat is influenced by tidal currents [Zhou et al., 2014]. Beach sediments are 

most sorted, followed by till, deep-water, nearshore, and cliff sediments are the least sorted. 

Overall, seabed samples were more sorted than la:qd. Gelati [2012] predicted a similar 

sorting value of 2.5 at the Southern Bight. 

The eroded sediment from the cliffs is interpreted as the source of material for the 

beach, nearshore and deep-water environments. From cliff to beach, the percent of grains 

within the silt and clay size range decreases and sand-sized grain percent increases (figure 

4-1 ). Where high tide reaches the cliff face, the beach directly below will have a lower silt 

and clay content than its source. Strong wave shear velocities remove the fme sediment 

and carry it in suspension offshore. 
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From beach to nearshore, there was an increase in very fine sand sized grains. Fine 

sediment is transported in suspension to the near shore environment or brought up and 

trapped in salt marshes (Proosdij et al., 2000). In addition to fines winnowed from the 

beach, the flood tide brings in suspended sediment from the basin to the tidal flats. During 

high tide slack water, clay sized particles settle onto the nearshore environment and become 

mixed with the coarser sediments [McLaren, 1984]. As the tides retreat some of the clay is 

removed, but most remains mixed with the other tidal flat sediments [McLaren, 1984]. The 

nearshore environm~nt is a place for fine sand sediment accumulation because wave action 

is minimal compared to at the beach, and the water depth is shallow enough for the 

sediments to settle, as opposed to deep-water. Strongest tidal currents occur in deep-water, 

where accordingly the samples have the lowest silt and clay sized grains and the highest 

percent of gravel sized sediments. 

Weak tidal currents in the lower mid-Bay of Fundy favour fme sediment 

accumulation and a wider distribution of sand and mud, whereas areas of strong tidal 

currents favour erosion of seabed [Wu et al., 2011]. In the Minas Basin, the spatial 

transition from mudflats to sand flats has been reported to occur close to where peak tidal 

stress first exceeds the erosion threshold for intertidally exposed muds [Friedrichs, 2011]. 

Mud can easily be transported to any part of the flat. But after deposition, cohesion 

increases the stress needed to surpass the erosion threshold [Friedrichs, 2011]. Figure 5-1 

plots a textural transition along a tidal flat of shear stress against intertidal elevation 

[adapted from Amos 1995]. High elevations and mud accumulation are attributed to low 

values of peak bed shear stress, while lower elevations are defmed by high peak bed shear 

stress and in the sand accumulation zone [Friedrichs, 2011]. This may explain the highest 
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percent abundance of very fine sand in the nearshore samples. Textural changes in grain 

size distribution from onshore to offshore, suggest that tides control the bedload and 

suspended load sediment transport within the Minas Basin. 
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Figure 5-1 Peak bed shear stress and the location of mud-sand transition across tidal flats in the Minas Basin (bottom lines) from 
[Amos, 1995]. Modified by [Friedrichs, 2011] to show the erosion thresholds for laboratory muds and the transportation mode for 
sand. 

From this analysis, it is interpreted that in the Minas Basin tides dominate sediment 

transport but they do not likely dominate sediment texture. The overall textural transition 

is overprinted by a finer sediment source than expected based on the tidal energy. Therefore 

the sediment texture is likely determined by the sediment texture entering the Minas Basin 

through erosion of adjacent c~iffs. 
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5.2 Controls on sediment texture 

In the Bay of Fundy, competent mean grain sizes are generally coarser than 

observed mean grain sizes [Gelati, 2012]. Three possibilities for a general disagreement 

between observed and competent are (1) lack of stress to remove sediments, (2) lack of 

supply of appropriate grain sizes available to be transported, and (3) overprinting of seabed 

texture by a source with a distribution fmer than the competent grain size. As previously 

mentioned, the Bay of Fundy has the largest tidal range in the world, and tidal current 

speeds have been predicted up to 5 m s-1 in the Minas Passage (Hasegawa et al., 2011). As 

well as, the wide-spread presence of a residual near-bed tidal flow will move suspended 

sediments away from their original location of deposition [Gelati, 2012], suggesting it is 

unlikely that the Minas Basin is a transport limited system. The second possibility suggests 

that the Minas Basin would have to be a supply limited system. This is also unlikely . 

because there is a wide distribution of grain sizes present in the Bay of Fundy to be 

transported [Gelati, 2012], entering as glacial, fluvial, or as eroded bedrock sources [Amos 

and Long, 1980]. Therefore the disagreement between observed and predicted mean grain 

size within the Bay of Fundy is likely caused by an abundant supply of sediment with an 

average grain size fmer than that calculated by the critical shear stress. 

Accordingly, in the following I will discuss the interpreted source of sediment and 

the implications of sediment supply on the overall textural transition, in regards to tidal 

power energy extraction. 
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5.2.1 Sediment source 

Cliff sediment is primarily sand sized (figure 4-1 ). Cliffs are eroding at rates up to 

2 m a- 1 around the Minas Basin [Amos and Long, 1980]. Total volume of sediment from 

cliff erosion was estimated to be 3.09x 106 m3 a- 1 [Amos and Long, 1980]. 

Figure 5-2 shows a map of cliff recessions rates by Amos and Long [1980] 

superimposed on a map of sample locations. Highest rates were recorded along the north 

shore, specifically at Five Islands, Economy Point, and around Cobequid Bay. These can 

be spatially correlated to land samples collected from Economy Point and seabed samples 

of the central Minas Basin and Cobequid Bay. The cliff samples of Economy are slightly 

fine-skewed, compared to the beach samples of Economy Point, which are centered on 1 

and 2 q,. The distribution is similar to that of the Minas Basin deep-water samples, which 

are also centered on 1 and 2 q,. Port Hood fluvial sandstones are eroding along the north 

shore of Cobequid Bay. The seabed samples collected from the Bay were medium sand 

size on average. Therefore it is likely that the sand found within the Basin is derived from 

the cliffs. 
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Figure 5-2 Sample locations overlain with cliff recession map (m a-1) calculated by Amos and Long [1980] . 
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Mean grain size of land samples was fme sand, whereas the mean grain size of 

seabed samples was medium sand. Till and deep-water sediments are the only 

environments whose distributions do not overlap (figure 4-6). Since the grain size 

~istribution from the cliff samples is similar to the distribution of seabed sediments, I 

propose that the sediments eroding from adjacent the cliffs define the seabed sediment 

texture within the Minas Basin. Accordingly, I infer that the disagreement between 

maximum tidal bed shear stress and observed mean grain size is a result of an abundant 

supply of sediments finer than the competent grain size, i.e. sediment supply exceeds the 

energy of the system. Therefore when predicting changes resulting from tidal energy 

extracting from the Minas Basin, it is necessary to consider sediment texture as well as 

sediment transport. In order to predict changes to sediment transport and distribution, you 

first need to constrain the initial sediment texture. 

5.2.2 Sediment supply: rate and magnitude 

The seabed sediment texture is controlled by the texture of the cliffs because tidal 

energy is unable to remove sediment eroding from the adjacent cliffs into the Minas Basin. 

i.e. where sediment supply exceeds transport capacity, the seabed sedime~t distribution 

will be determined by the texture of sediment input, rather than hydraulic energy. The 

presence of large bed forms on the seafloor of the Minas Basin are evidence of abundant 

sand supply. Banner banks are a bedform that occurs when sediment supply is abundant 

and bedload transport is induced. These are observed off the coast of Cape Split [Todd et 

al., 2014]. Moreover, _broad intertidal mud flats are formed from contributions of sediment 

derived from cliff erosion, coupled with seafloor erosion and sediment delivered by rivers 

[Todd et al., 2014]. These features provide evidence for a large volume and large rate of 
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sediment input in the sand size range to the Minas Basin. Suggesting that sediment supply 

is an important consideration when predicting changes to the hydrodynamic system of the 

Minas Basin. 

When using models to predict influence of tidal power development on the 

sediment distribution within the Minas Basin, a question that needs to be asked is: how 

does the Minas Basin seabed surface adjust to changes in sediment supply and texture? 

Studies on river systems have tried to answer this question (Baker and Ritter, 1975; Jackson 

and Bechsta, 1984, Dietrich et al., 1989; Lisle et al., 1993; Ferrer-Boix and Hassan, 2014). 

There have been fewer experiments on sediment supply and transport capacity for coastal, 

tide-dominated systems. 

Shear stress analysis can provide an easy way to estimate the competence of rivers 

to transport particles as bedload [Baker and Ritter, 1975]. The Shield's parameter is used 

more often than velocity because it is easier and more accurate to measure the depth of 

water column, dimensionless slope, and specific gravity of water, than the velocity of a 

river channel. Limitations arise when systems diverge from hydrodynamic equilibrium. 

Challenges which have been documented are changes in water depth, increased sediment 

supply as well as supply limited systems, and episodic supplies to a river channel. Flow 

mechanics differ depending on height of the water column [Baker and Ritter, 1975]. For 

instance, in deep flows the shear stresses needed to entrain particles may be greater than 

predicted by Shield's because there is little hydrodynamic lift [Baker and Ritter, 1975]. 

As well as changes in water depth, the influence of increased sand delivery on river 

channel velocity has been examined [Jackson and Beschta, 1984; Buffmgton and 

Montgomery, 1999]. The initial response of a channel to an increased supply of sand-sized 
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sediments is to reduce the surface roughness by fme-grained sediment deposition, which 

will in tum, increase flow velocity and bedload transport capacity [Jackson and Beschta, 

1984; Buffmgton and Montgomery, 1999]. Therefore the bed surface texture represents a 

feedback between sediment supply rate and bedload transport, induced by changes in bed 

roughness and sediment availability. Furthermore, where transport capacity is 

overwhelmed by sediment supply selective entrainment of grain sizes will occur 

[Buffington and Montgomery, 1999]. Alternatively, when transport capacity exceeds 

sediment supply, the median grain size of the bed surface is coarser than the transported 

load [Dietrich et al., 1989; Lisle et"al., 1993]. When an equilibrium between surface and 

bedload transport rate was reached, the surface became finer and better sorted [Dietrich et 

al., 1989]. 

Similarly, Ferrer-Boix and Hassan [2014] investigated how the bed surface adjusts 

to different sediment supplies and textures. In a flume experiment, fine material in a low 

flow sand-supplied run infiltrated the bed surface at the beginning, then remained on top 

once the near-surface pores were saturated. Therefore the surface coarsened then 

subsequently became finer. When the flow was increased, the bed surface coarsened 

regardless of the supply texture [Ferrer-Boix and Hassan, 2014]. These results are 

. significant for gravel-bed stream subjected to episodic sediment inputs, where the 

frequency of sediment input may prevent the river from recovering or achieving 

equilibrium. Similar concepts have been applied to tidal regions [Friedrichs, 2011; 

Pritchard and Hogg, 2003]. 

When averaged over annual, or longer, timescales, tidal flat morphology will 

typically approximate a dynamic equilibrium with external forcing (sediment supply and 
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wave and tidal forcing). Assuming this equilibrium, dominance by tides results in a convex­

up profile further favoured by increased sediment supply. However, surficial grain size 

responds to changes in energy more quickly than overall morphology can adjust, 

consequently leading towards a landward fming in surficial grain sizes [Friedrichs, 2011]. 

Pritchard and Hogg [2003] suggest that the morphology of mud flats. depends strongly on 

the external supply of sediment to the system. In that, the gradient of the flat increased with 

increasing tidal range and decreased with a larger sediment supply. 

From these laboratory flume experiments and numerical models, it becomes clear 

that the interplay between sediment supply and transport capacity affect the theoretical 

hydrodynamic equilibrium concepts used to predict changes in real settings. 

For example, maximum bed shear stress is not a good predictor for largest grain 

size in the Avon River estuary because of the abundant supply of fme material [Lambiase, 

1980]. The Shields' criterion failed to predict coarsest grain size at the estuary head because 

of hydraulic sorting. the coarse grain sizes that the strong currents are capable of 

transporting are excluded from the estuary head and fine sediments are present everywhere 

along the estuary. Sediment transport paths in the river result from sediment exchange 

between the estuary head and mouth, rather than the inverse relationship between mean 

grain size and current velocity [Lambiase, 1980]. Similarly, beaches along the 

southwestern Louisiana coast provide an example of a shoreline being loading with fme 

sediments from rivers. Here, the sediment supply exceeds the hydrodynamic energy so 

most of the deposited fmes do not get winnowed out. It is interpreted that the system will 

eventually reach equilibrium once the river is diverted [Friedman, 1967]. 
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Based on these experiments and real-world examples, the estimated balance 

between tidal bed shear stress and grain size texture in the Minas Basin should be re­

evaluated. Using critical shear stress theory, competent mean grain size overestimates the 

mean grain size within the Bay of Fundy. The disagreement is primarily attributed to 

sediment supply in excess of transport capacity. When input of sediment into a basin is 

large, sediment texture can be defined by texture of input rather than by energy of the flows 

within the basin. However, there are other processes that may also contribute to the 

disagreement. 

5.2.3 Other factors controlling sediment texture 

. Additional processes that may lead to observed grain sizes that are finer than 

competent mean grain sizes are cohesion of sediments, sediment trapping, and seasonal 

fluxes of sediment. For instance McLaren [1984] identified cohesion of fme sediments as 

the cause of fining in the direction of transport with an increasing energy regime. Cohesive 

sediments are more resistant to erosion by shear stress than non -cohesive sediments 

[Grabowski et al., 2011]. Specifically, sediment cohesion can affect the stability of the 

substrate. Adding clay to a sand bed makes it more resistant to erosions by smoothing the 

surface and by changing its mechanical properties [Grabowski et al., 2011]. Although 

cohesion may affect the sediment texture, all sample distributions were dominantly sand 

size, therefore cohesion should only be a minor consideration. 

Another factor to consider is sediment trapping. Net sediment transport in a tide 

dominated environment depends on the scale and direction of the tidal residual flow [Wu 

et al., 2011]. Residual circulation forms a closed gyre in the western lower Bay of Fundy 

and could be a location for retention of fine sediments [Gelati, 2012]. Furthermore, net 
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accretion of sediment was recorded in Cobequid Bay, which was also attributed to sediment 

trapping and redistribution [Amos and Long, 1980]. Abundant sand dunes present near 

Cape Chignecto reflect an imbalance between sediment supply and current velocity, in that 

the sediment is confmed by the overall net transport into the Bay [Todd et al., 2014]. The 

.Scots Bay dune field is located at the site of a large gyre [Shaw et al., 2012]. Strong flows 

entering the Minas Passage during the flood tide are reflected by the gravels dunes located 

on the north shores. This is coupled with a weaker westward flow along the south shoreline 

and the absence of gravel dunes [Shaw et al., 2012]. Therefore it appears that sediment 

input is greater than sediment output in the Minas Passage. Lastly, a seasonal variation of 

the frequency of storms could affect sediment availability, in that cliffs are eroded the most 

during storms. 

5.2.4 Where is sediment texture in hydrodynamic equilibrium? 

The previous discussion provides many instances where hydraulic stresses are not 

reflected in the sediment texture. However, a well-documented sedimentary environment 

where sediment texture and distribution in agreement with energy is on continental shelves 

[Swift et al., 1971, Gelati, 2012, Gamberi et al., 2014]. For example, Gelati's [2012] 

predictions of competent :mean grain size are in better agreement with observed in the Gulf 

of Maine. Relict sediments on shelves have been defmed as a remnant from a different 

earlier environment which can be recognized by petrographic, fauna, and topographic 

differences to modem sediment [Swift, 1971]. Relict sediments thus represent sediments 

which are no longer in equilibrium with modem environment. They were transported and 

deposited when the environment was different but are still subject to reworking and 

modification from the modem environment [Swift, 1 ~71]. 
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The geomorphology of continental shelves records present-day conditions, as well 

as past sea-level stages [Gamberi et al., 2014]. Relict sediments would be best preserved 

along tectonically inactive margins, such as that off the coast of Nova Scotia and 

northeastern USA. Gamberi et al. [2014] interpreted that sediment flux and reworking were 

negligible processes over long term periods to the sediments on the shelf offshore 

northeast. And were thus able to record preservations of past landscapes that show coastal 

settings different to present-day. Similarly, across the southern Californian shelf, sediment 

distribution and thickness are primarily controlled by sea level ·rise, as well as changes to 

sediment supply [K.lotsko et al., 2015]. The shelf exhibited three deposition units, each 

recording a different interplay between rate of sea level rise and sediment supply [Klotsko 

et al., 20 15]. 

The concept of continental shelves in a hydrodynamic equilibrium is often used and 

taught in sequence stratigraphy. The terms transgressive and regressive infer changes to 

continental shelves based on changes in sea-level, in that the sediments respond to changes 

in hydrodynamics. Relict sediments are found on open continental shelves, similar to the 

environment of the Gulf of Maine. This environment provides more suitable characteristics 

for use of hydrodynamic equilibrium concepts, than those within the Minas Basin. 

5.3 Sediment transport and texture of the Minas Basin- Implications for tidal power 
development 

Since seabed sediment texture is controlled by the texture from the eroding cliffs, 

it is unlikely that changes in energy from the installation of in-stream tidal turbines will 

affect the seabed grain size distribution. Sediments along the immediate coast are mobilised 

more frequently by strong wave shear velocities than tidal velocities (Li et al., 20 15). Since 
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the cliffs erode independent of tidal energy, the grain sizes e~tering the Basin will remain 

the same. Ashall et al. [20 16] developed a 3D hydrodynamic and sediment model of the 

Minas Basin to determine the implications of suspended sediment dynamics in the Minas 

Basin. After installation of turbine array, there was a locaJ loss of energy, accompanied by 

a loss of bottom friction. Maximum tidal power extraction had a large impact on the 

suspended sediment concentration, reducing fine sediment mobilisation and increasing 

deposition on the tidal flats in Cobequid Bay. ·Depth and location averaged suspended 

sediment concentration (SSC) indicated that implementation of low and high tidal power 

extraction turbines would cause a 5.6 and 37% decrease in SSC, respectively [Ashall et al., 

20 16]. Although the magnitude of suspended sediment concentration might change, the 

· texture will remain the same because the cliffs erode independent of tidal power. Since the 

texture is predicted to remain the same, the abundance and diversity of benthic habitats will 

not be affected. However, since sediment transport is dominated by tides, changes in 

energy could cause a change in morphology of the seabed and this may affect the 

distribution of benthic organisms within the Minas Basin. 

Seabed geomorphology in tidal regimes changes over short timescales [Todd et al., 

2014; Swift, 1968; Shaw 2012; Anthony, 2013]. Active sediment transport and deposition 

are common the Bay of Fundy System. Sand sheets can migrate tens of meters per year and 

sand dunes have been recorded to migrate 3 to 4.5 min a month near Cape Spencer [Todd 

et al., 2014]. Since the geomorphology of seabed in the Basin is very dynamic, benthic 

organisms are already capable of adapting to changes which would be similarly caused 

with an anthropogenic decrease in energy. 
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In summary, the implications of energy extraction on seabed sediment texture are 

predicted to be minimal. Since the input of sediment to the Basin is large, the texture can 

be defmed by the texture of input rather than by energy of flows within the basin. Thus the 

benthic habitats associated with specific seabed sediment textUres will likely be unaffected. 

CHAPTER 6 CONCLUSIONS 

6.1 Conclusions 

The distribu~ion of grain sizes was determined for cliff, beach, and till sediments 

along the coast of the Minas Basin and compared to the distribution of seabed sediment 

samples from the Minas Basin and Bay of Fundy. The following was concluded from this 

comparison: 

1) An overall coarsening from cliff to deep-water sediment was observed. From this, 

it was interpreted that sediment derived from the eroding cliffs was the dominant 

supply of sediment to the Basin and that sediment transport within the Minas Basin 

is c9ntrolled by tidal energy. 

2) Although sediment transport is dominated by tidal hydrodynamics, seabed 

sediment texture is controlled by the input from adjacent eroding sandstone cliffs. 

Thus, an abundant supply of sediment finer than the competent mean grain size is 

used to explain the disagreement between observed and competent mean grain size. 

Therefore models need to incorporate a sediment transport component, such as one 

by Wu et al., 2011. 

3) Since sediment supply controls seabed texture, it is unlikely that the installation of 

tidal turbines will have a large effect on the size of sediments in the Basin. The 
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turbines may however, affect the sediment transport, and thus the seabed 

geomorphology. 

6.2 Future Work 

There are limitations to the approach of this thesis. As previously mentioned, it 

would be beneficial to investigate the cohesive properties of sediments at different tidal 

zones in the Minas Basin. Furthermore, an overall updated sediment budget would be 

useful to quantify cliff recession rates. This thesis does not investigate changes to seabed 

morphology on a long time scale after impacted by tidal development, as well as does not 

investigate preferred sediment texture for specific benthic habitats. Predictions of seabed 

shear stress and sediment transport patterns still do not exist for the entire Bay of Fundy 

[Wu et al., 2011]. 

Ultimately though, a sediment texture pattern from onshore to offshore has emerged 

using changes in statistics of grain sizes. This approach has long been used to infer 

sediment transport mechanisms. This thesis is an example that simple sediment studies are 

still useful and necessary in order to grasp the fundamental controls of sediment texture 

and transport within a system. Field observations are necessary in order to parameterise 

and test numerical models. 

It is been customary to assume that fluid transport rate and particle suspension 

respond to each other in an empirical way, and one can be used to make predictions on the 

other. But it is likely that system equilibrium is much more complex than that. Bigger­

picture, conceptual questions which need to be asked are how long does it take before a 

system will achieve equilibrium? And how is anthropogenic infrastructure effecting our 
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fundamental concept of equilibrium? Which is an important question because many river 

and coastal systems are influenced by humans in some way now. 
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Appendix 

Sample Location Retained Weight (g) on sieve (phi) 

Longitude Latitude -1.0 0.0 0.2 0.5 0.7 1.0 1.2 1.5 1.7 2.0 2.2 2.5 2.7 3.0 3.2 3.5 3.7 4.0 4.6 

. COl -63.9872 45.39958 13.063 2.935 1.226 2.037 2.475 3.049 2.904 4.210 4.012 4.740 4.765 4.417 5.462 7.635 6.120 9.026 8.981 8.307 45.468 

BOI -63.9872 45.3996 40.408 17.190 4.105 5 .829 8.809 12.905 15.985 19.712 14.404 9.255 3.634 1.454 0.781 0.540 0.226 0.211 0.165 0.123 0.847 

C02 -63.9844 45.39953 2.528 3.353 1.484 2.731 3.985 5.477 6.091 8.163 8.782 11.2SO 11.673 10.569 10.840 11.325 6.803 10.818 11.147 7.374 14.830 

C03 -63.7818 45.3949 0.000 0.276 0.314 0.652 0.840 0.949 1.133 1.598 2.164 3.183 4.047 4.689 8.821 14.953 9.744 17.519 14.995 14.200 49.457 

B03 -63.7818 45.39492 7.293 3.502 1.594 3.142 5.023 7.552 10.163 17.351 17.913 18.466 12.676 8.166 8.123 7.306 4.677 4.428 3.251 2.474 16.449 

T03 -63.7818 45.39493 8.940 5.414 1.775 2.321 2.820 3.059 2.960 4.013 4.204 5.314 6.137 5.542 6.739 8.407 6.327 9.847 11.735 13.726 205.162 

cos -63.9194 45.36205 0.000 0.119 0.058 0.218 0.641 1.553 2.399 4.160 6.452 12.827 20.878 22.242 23.708 21.766 9.676 10.715 7.145 5.622 23.851 

BOS -64.9194 46.36205 17.331 5.780 1.965 3.097 4.755 6.828 7.605 11.573 12.623 16.901 16.517 11.348 8.852 6.161 3.221 2.894 2.023 1.565 11.088 

T05 -65.9194 47.36205 15.147 6.374 1.823 2.738 3.598 4.133 4.716 5.947 6.144 8.177 8.040 7.086 8.170 8.793 5.952 8.793 9.718 13.689 191.796 

C06 -63.9198 45.36262 0.000 0.104 0.044 0.065 0.132 0.216 0.391 0.544 0.837 1.542 2.250 3.585 7.539 10.668 6.543 5.860 3.985 4.107 84.057 

B06 -64.9198 46.36262 1.899 0.711 0.198 0.276 0.345 0.454 0.686 1.113 1.633 3.100 4.901 6.513 I 0.936 18.061 11.428 17.384 13.123 11.102 36.392 

T06 -65.9198 47.36262 0.417 0.448 0.239 0.403 0.638 0.796 0.935 1.330 1.547 2.556 3.798 4.363 6.505 9.125 7.100 10.102 11.990 18.344 174.248 
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30.077 

3.105 

4.891 

1.794 

8.941 

3.462 

1.180 

10.D78 

7.825 

5.243 

11.975 

4.651 

8.128 

6.237 

12.584 

0.529 

15.731 

4.218 

22.618 

19.846 

36.304 

16.057 

4.419 

15.640 

1.291 

13.668 

10.716 

8.342 

17.578 

26.590 

4.188 

5.234 

1.997 

11 .263 

3.878 

1.369 

9.925 

10.922 

6.668 

13.448 

4.657 

7.765 

7.409 

13.766 

1.106 

22.706 

5.934 

25.488 

17.484 

31.100 

16.552 

6.527 

16.171 

2.098 

13.230 

14.563 

9.818 

16.386 

25.764 

5.229 

4.991 

2.492 

11.435 

4.820 

1.922 

8.620 

14.399 

9.456 

14.841 

4.479 

8.074 

8.403 

15.253 

2.195 

25.241 

8.940 

25.528 

7.568 

10.475 

8.296 

5.487 

9.925 

2.580 

6.668 

8.565 

6.857 

7.790 

8.419 

4.067 

3.544 

2.439 

6.229 

3.683 

2.118 

5.275 

8.466 

6.326 

8.065 

3.240 

5.621 

6.288 

7.093 

2.714 

9.794 

7.296 

9.787 

8.955 

16.226 

10.123 

10.012 

11.000 

4.356 

8.228 

14.675 

10.227 

8 ~973 

11 .972 

6.949 

4.144 

3.532 

7.751 

5.412 

3.782 

5.736 

13.652 

10.620 

9.569 

3.454 

8.471 

7.411 

9.184 

4.726 

14.821 

11.653 

14.817 

6.735 

8.029 

6.901 

10.576 

7.168 

5.986 

7.457 

11.878 

8.355 

5.863 

7.882 

7.491 

3.974 

4.694 

6.394 

5.313 

5.445 

4.884 

9.930 

9.658 

7.391 

3.391 

8.844 

7.045 

7.794 

6.856 

10.028 

12.256 

10.516 

4.798 

4.831 

5.697 

12.415 

5.341 

8.659 

6.457 

9.798 

7.815 

4.400 

6.091 

10.091 

3.779 

5.981 

6.510 

6.108 

8.377 

4.629 

8.784 

9.427 

6.022 

3.434 

9.972 

6.845 

7.528 

10.302 

8.679 

13.403 

9.176 

29.636 

27.524 

30.492 

84.687 

21.757 

150.033 

27.279 

31.727 

42.544 

14.957 

24.188 

83.144 

29.698 

117.977 

66.060 

92.774 

163.412 

47.825 

45.947 

64.693 

41.499 

66.986 

74.196 

93.942 

70.738 

158.093 

60.736 

98.099 

45.217 
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T25 

C26 

B27 

C28 

B28 

B29 

C30 

B30 

C31 

B31 

B32 

C33 

B34 

B35 

B36 

C37 

B38 

C39 

C40 

C41 

C42 

C43 

C44 

C45 

C46 

C47 

C48 

C49 

C50 

BJorn 

-64.2305 

-64.2283 

-64.2264 

-64.2264 

-64.2246 

-64.2233 

-64.2233 

-64.2214 

-64.2215 

-64.22 

-64.2192 

-64.2183 

-64.2173 

-64.2161 

-64.215 

-64.2138 

-63.8061 

-63.8073 

-63 .8084 

BCH 

-63.8098 

-63.8129 

-63.8131 

-63.8137 

-63.8121 

-63.8113 

-63.8125 

-63 .8117 

BJorn 

45.10977 

45.10961 

45.10925 

45.10926 

45.10879 

45.10773 

45.10774 

45.10727 

45.10728 

45.10629 

45.10516 

45.10386 

45.10283 

45.10017 

45.09898 

45.09793 

45.29607 

45.29705 

45.29795 

BCH 

45.29858 

45.29952 

45.30062 

45.30187 

45.30305 

45.30408 

45.30545 

45.30673 

0.080 

0.000 

9.588 

O.o35 . 

3.071 

0.662 

0.616 

4 .173 

0.575 

0.806 

3.653 

0.331 

21.426 

5.016 

52.165 

0.416 

8.754 

10.007 

6.594 

3.400 

0.360 

28.487 

23.820 

5.255 

14.606 

63.510 

23.564 

41.318 

4.489 

0.027 

0.216 

2.120 

1.587 

3.974 

10.435 

6.622 

4.995 

7.995 

8.946 

3.498 

6.623 

10.557 

3.001 

6.884 

4.929 

13.660 

7.623 

2.121 

5.304 

4.766 

12.279 

24.636 

20.050 

22.797 

9.744 

16.392 

11.471 

7.805 

0.004 

0.270 

1.506 

1.509 

2.511 

5.648 

3.841 

2.665 

3.052 

5.396 

4.884 

3.553 

2.838 

2.756 

3.038 

2.060 

6.818 

1.915 

0.784 

1.686 

5.949 

3.704 

7.591 

5.172 

6.464 

1.781 

3.703 

3.048 

2.313 

0.063 

0.733 

2.898 

2.762 

3.930 

7.182 

5.209 

3.449 

3.241 

7.096 

9.517 

3.545 

3.012 

4.873 

3.168 

2.683 

8.456 

2.230 

1.247 

2.113 

11.814 

4.712 

8.432 

6.277 

7.723 

1.969 

5.079 

3.295 

3.184 

0.235 

1.505 

4.085 

4.024 

4.563 

7.644 

5.784 

3.740 

3.016 

7.559 

12.193 

4.228 

2.875 

5.630 

3.428 

3.040 

9.387 

2.394 

1.594 

2.422 

13.156 

5.054 

8.031 

6.430 

8.036 

2.070 

5.745 

3.899 

3.634 

0.700 

2.442 

5.164 

5.088 

4.899 

7.280 

6.129 

3.961 

2.794 

6.775 

11.884 

4.119 

2.953 

5.720 

3.383 

3.165 

9.563 

2.751 

2.097 

2.582 

11.797 

5.259 

6.334 

5.987 

7.222 

2.106 

5.911 

4.215 

4.215 

2.488 

8.097 

15.373 

15.962 

8.357 

6.343 

11.571 

11.226 

2.426 

5.539 

11.847 

10.768 

6.888 

9.954 

5.561 

13 .263 

12.529 

2.650 

2.305 

2.456 

9.380 

4.842 

4.534 

4.560 

5.581 

1.977 

5.201 

3.805 

4.170 

3.560 

19.264 

19.541 

19.587 

14.028 

10.364 

13.419 

16.112 

3.192 

6.216 

13.176 

16.582 

12.459 

16.059 

8.862 

17.676 

14.441 

3.413 

2.367 

3.114 

8.872 

5.470 

3.760 

5.203 

5.213 

2.710 

5.101 

4.390 

6.292 

3.216 

15.155 

13.750 

12.434 

9.902 

11.243 

9.607 

11 .267 

9.026 

9.897 

8.580 

ll.l56 

9.254 

11.130 

6.090 

11.460 

9.072 

3.361 

3.644 

3.067 

5.972 

4.065 

2.531 

4.344 

3.585 

2.812 

3.391 

3.529 

6.309 

4.386 

13.996 

12.803 

10.518 

9.210 

12.073 

9.482 

11.073 

14.131 

14.746 

7.349 

10.115 

8.659 

9.785 

5.662 

10.080 

7.805 

4.250 

4.854 

3.879 

5.184 

3.358 

2.133 

4.948 

3.427 

3.650 

3.222 

3.357 

7.454 

4.742 

10.278 

9.634 

7.686 

6.936 

8.327 

7.344 

8.308 

10.608 

10.653 

5.335 

7.524 

6.622 

6.965 

4.241 

7.492 

5.753 

4.368 

5.340 

3.916 

4.038 

2.042 

1.339 

4.318 

2.727 

3.123 

2.497 

2.354 

6.459 

4.653 

7.076 

6.466 

5.343 

4 .879 

5.460 

5.887 

5.872 

7.225 

6.821 

3.629 

5.341 

4.709 

4.751 

2.931 

5.260 

3.894 

3.839 

4.890 

3.371 

3.147 

1.237 

0.7~2 

3.081 

1.921 

2.128 

1.774 

1.527 

4.573 

6.174 

6.958 

5.666 

5.224 

4.870 

4.999 

8.618 

5.804 

. 6.620 

6.258 

3.584 

5.116 

4.748 

4.492 

2.950 

5.285 

3.777 

4.029 

4.939 

3.644 

3.309 

l.l33 

0.527 

2.373 

1.928 

1.816 

1.709 

1.390 

3.633 

8.297 

6.409 

4.766 

4.800 

4.475 

4.559 

7.758 

5.494 

6.052 . 

5.452 

3.260 

4.863 

4.374 

4.079 

2.777 

4.945 

3.298 

4.275 

5.259 

3.798 

3.109 

1.004 

0.273 

1.424 

1.663 

1.196 

1.334 

l.l93 

2.350 

5.521 

4.517 

3.028 

3.582 

3.207 

2.986 

0.578 

4.046 

4.022 

3.804 

2.633 

3.591 

3.504 

2.880 

2.299 

3.772 

2.438 

3.324 

3.932. 

3.003 

2.079 

0.751 

0.155 

0.615 

l.l21 

0.670 

0.870 

0.831 

1.096 

7.944 

4.273 

2.708 

3.304 

3.189 

2.962 

2.550 

3.856 

3.934 

3.798 

2.279 

3.327 

3.091 

2.749 

1.969 

3.477 

2.091 

3.448 

3.852 

3.191 

1.724 

0.755 

0.128 

0.470 

1.081 

0.554 

0.759 . 

0.776 

0.646 

7.327 

3.521 

2.209 

2.816 

2.814 

2.569 

3.188 

3.381 

3.293 

3.688 

2.084 

3.020 

2.831 

2.309 

1.630 

2.915 

1.725 

3.390 

3.420 

2.940 

1.229 

0.607 

0.107 

0.330 

0.834 

0.413 

0.554 

0.604 

0.360 

7.501 

3.097 

1.942 

2.448 

2.593 

2.506 

2.677 

3.199 

2.977 

3.080 

2.236 

2.504 

2.950 

2.045 

1.599 

2.516 

1.453 

2.412 

2.858 

3.385 

0.797 

0.463 

0.081 

0.258 

0.607 

0.320 

0.385 

0.497 

0.227 

85.176 

70.323 

50.850 

62.768 

60.560 

50.357 

55.978 

73.796 

78.996 

69.059 

46.057 

60.948 

69.871 

47.325 

33.110 

65.327 

35.562 

44.835 

39.729 

39.111 

5.521 

8.595 

11.374 

34.497 

6.379 

10.544 

5.263 

6.713 

10.885 
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C51 -63 .8108 45.30785 4.489 7.805 2.313 3.184 3.634 4.215 4.170 6.292 6.309 7.454 6.459 4.573 3.633 2.350 1.096 0.646 0.360 0.227 10.885 

C52 -63 .8089 45.30873 22.351 1l.l99 1.973 2.016 1.984 1.906 1.799 2.169 2.354 3.002 3.412 3.026 3.459 3.576 2.671 2.662 2.227 1.878 32.192 

C53 -64.1857 45.10102 11.293 4.764 1.149 1.403 1.419 1.395 1.295 1.717 1.759 2.292 2.357 2.115 2.478 2.741 2.497 3.181 3.312 3.112 54.519 

C54 -64.1842 45.09935 22.356 6.869 1.678 1.875 2.215 2.318 2.132 2.709 2.392 2.873 2.722 2.306 2.517 2.514 2.131 2.381 2.162 1.720 34.065 

C55 -64.1834 45.09872 18.041 11.287 2.156 1.827 2.251 2.188 1.932 2.309 1.998 2.284 2.094 1.656 1.811 1.919 1.582 1.793 1.627 1.241 32.825 

C56 -64.1892 45.15517 1.286 1.487 0.517 0.636 0.637 0.570 0.377 0.485 0.494 0.598 0.599 0.582 0.569 0.874 1.200 2.682 5.124 8.782 62.529 

C57 -64.1897 45.15477 40.714 14.711 2.495 2.271 2.145 1.915 1.382 1.680 1.418 1.645 1.526 1.486 1.491 1.562 1.259 1.348 1.186 1.010 20.611 

C58 -64.191 45.15287 67.820 17.606 2.331 2.003 1.653 1.356 0.955 0.950 0.741 0.738 0.597 0.488 0.523 0.462 0.327 0.368 0.313 0.269 1.878 

C59 -64.1671 45.16398 28.269 13.790 2.723 2.513 2.355 2.147 1.665 1.946 1.605 1.745 1.543 1.377 1.465 1.429 1.143 1.255 1.060 0.853 30.098 

C60 -64.1672 45.16325 27.984 7.011 1.658 1.817 1.934 2.000 1.824 2.333 2.110 2.475 2.180 1.819 2.124 2.050 1.746 2.015 2.153 2.158 37.211 

C61 -64.1149 45.21035 16.503 5.766 0.774 0.732 0.642 0.562 0.375 0.396 0.308 0.334 0.272 0.219 0.230 0.194 0.150 0.158 0.131 0.133 0.856 
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