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Abstract 

A Iengthy historical record of coastal evolution was cornbined with measurements 

made at weekly to bi-weekly intenrds over approximately 550 days of coastal monitoring 

to investigate the evolution of the McNab's Island area, a biinsgressive drumIin shoreline 

hosting gravel beaches. 

Sub-annual to annuai-scale records of bluff retreat, bluff erosion, foreshore 

erosion, tilt water content, weLI water level, sea level, waves, winds, precipitation, and air 

temperature dernonstrate that stoms are important in causing bluff and beach failure and 

retreat. [ncreased wind speed, wave height, w ater level, and p recipitation accompanyhg 

stoms interact with barrier beaches and clay-rich tÏLI bluffs and cause geographicdly 

variaHe coastaf change over sub-annuai tune scales. 

Historicd charts, airphotos and records of sea Ievel, winds, and waves indicate 

that rates of coastd change are spatidly and temporally variable and that the interactions 

of +hg sea Ievel, storminess and sediment supply to bamer beaches have controlled the 

evolution of the study area over decadd t h e  scales. 

Rapid coastal change occurs o d y  when sediment suppIy Limitation, rapidly rking 

sea IeveI, and increased storminess coincide, as between 1955 and 1964. S torminess and 

sea-level rise are both related to the North Atlantic OscÎIIation and affect sediment 

supply, giving cise to nodhear and cyclic behaviour. Episodes of rapid beach and bluff 

retreat are preceded by long periods of stability and beach progradation d&g which 

offshore sediment reserves are depleted and the beach is morphodynamicaIIy conditioned 

to fùture fdure due to accelerated sea-level rise and hcreased storminess, 
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Chapter 1 

Introduction 

1.1 Introduction and Statement of ProbIem 

ReIative sea IeveI is cmentIy nshg at Halifax due to the combined effects of 

post-glacial eustatic sea level rise and isostatic subsidence of the cmt,  resultmg in 

conceptually well understood transgression of a drurnlin shoreline. As the erosional nont 

of the transgressing shoreline moves Iandward, gIaciaI sediments, primarily in dnunIins, 

are eroded. Sediment is supp Lied to the shoreiine and reworked to p v e t  banier beaches 

and a shallow offshore sand sheet. As dnunIin sources are consumed, supply to beaches 

dwindles and they cannot contbue to grow and keep Pace with nsing sea level. Barriers 

overwash and retreat, are destroyed, and redeposited at a more landward location (Boyd 

et al., 1987; Carter and Mord, 1988). 

DetaiIs of this process over a variety of time scdes remain unclear. Over decadal 

time scales the relative contributions of beach sediment fiom eroding blufts (defked here 

as sea cIiffs in eroding unlithified sediments) and s e d k t  moving landward with 

transgression are uncertain. The b e r  Scotian Shelfis relativeiy sediment poor (Forbes 

et al., 199 1 b), yet bluffs have been shown to supp Iy Iesser amounts of sediment than 

required to maintain banier beaches (Piper, 1980; Sonnichsen, 1984). Additiondly, the 

presence of beaches protects bluffs Eom erosion, implying a morphodynamic feedback 

relationship between beaches and the blnffs that suppIy them. The implications of 

feedback reIationships betwem bl& and beaches and the effects of varyhg sediment 

q p I y  on coastaI change over decadai thne scdes are not weII Imown. 



At shorter (sub-annual to annuai) time scaies, the detailed processes of 

transgression are dso not well understood. AnnuaI retreat of bluEfS and beaches has been 

measured at many locations in Nova Scotia since the mid-1970s (e.g. Bowen et al., 1975; 

Sonnichsen, 1984; Taylor et al., 1985,1995) yet the relative importance of the sub-annual 

erosionai processes driving this retreat are Iargely UnkIlown. 

Recent estimates of current global sea level rise range from 0.6 d a  to 1.8 mm/a 

(Griiger and PIag, 1993) and the Intergovemmental Panel on CIimate Change reported 

severai different scenarÏos of hture accelerathg rates of eustatic sea-Ievel rise in response 

to greenhouse-induced global c h a t e  change. These range fkom 1.6 mm/a to 4.7 mm/a 

over the period 1995 to 2100 (PCC, 1995), with a worst case scenario oF6.4 d a  to the 

year 2500 (Raper et al., 1996). if these are simply added to the maximum rate of 

historicai relative sea-level rise at Halifax, rates may reach 9.4 mm/a over the next LOO 

years (cj: Shaw et al., 1993). 

Global clirnate change may also result in changing patterns of.stomiiness 

(Emmanuel, 1987; Agee, 199 1; PCC, 1995). Storms increase energy incident on the 

shoreline; accelerated coastai change may be associated with storms and increasing 

stonniness (e-g. Davis and DoIan, L992; Forbes et al., 1997). 

Numaous studies on the Eastern Shore of Nova Scotia have identified severai 

areas of active shoreline retreat, particdarfy at the entrance to Chezetcook Met (e.g 

Carter et ai., 1 99Oa; Forbes et aL, I995a; TayIor et aL, 1 999). An excelient historicd 

record consishg of charts and aiphotos depicting Halifax Harbour suice 171 1 shows 

that the McNabts IsIand area has aiso undergone rapid coastd change m historicai thes; 



the causes of decadd-scale variabiIity m coastd response to c h a t i c  forcing are not weil 

understood, 

investigation of historical, decadal-scaie shoreiine changes coupled with field 

study of sub-mual to annuai causes of bIufTand beach retreat may as& in M e r  

determirihg the responses of dnimIin shorelines, and specifically the McNab's Island area 

where Significant historical and recreationd resources exist, to both greenhouse induced 

relative sea-level rise and changing storminess over a variety of thne scales. 

1 .Z Objectives 

L ) To investigate and identiQ major contniutors to the mailing and resisting forces 

determining annual and sub-mual bluffretreat and erosion and the processes by which 

these occur. 

2) To investigate the historical evolution of the McNabts Island area to determine the 

relative importance of sedirnent supply fiom bluff and offshore sources to shoreline 

evolution. 

3) To identify and Uivestigate anthropogenic and environmentai Factors forcing decdal- 

scde coastal change. 

1.3 Structure of the Thesis 

Chapter 1 is an introduction to the thesis and bnetly presents some previous 

resemh, the problem and objectives of the thesis, and the study area Chapter 2 presents 

the rnethods used and resuIts obtained in addressing the thesis objectives. These rnethods 

and resuIts are refaed to and re-examhed m Chapters 3,4, and 5, which address specific 



problems and issues. Furthier background and previous research of rdevance to the 

objectives are given in each chapter. Chapter 3 considers sub-annuai to annual time scdes 

of bluîïand beach retreat and erosion over approximately 550 days of monitoring from 

1997 to 1999. Chapter 4 explores the histoticd record of coastai change in the study area 

and outiines the roles of beach miniog and the sedunent budget in contr01hg coastd 

change. Chapter 5 builds on the discussions and concIusions h m  Chapters 3 and 4 and 

considers the roles of changing climate and stomhess, relative sea-IeveI nse, and 

sediment supply in contnbuting to the historid coastal evohtion of the Thrumcaps at the 

southwestern end of McNab's Island Chapter 6 summarizes the previous chaptea, 

placing the various time scales investigated in context with each other. 

1.4 The Study Area 

The McNab's Island area Iies at the entrance to Halifax Harbour at the 

southwestenunost end of the Eastern Shore and inchdes McNab's and Lawlor Islands 

and the adjacent mainland to the east IÎom Eastern Passage to HartIen Point (Fig. 1.1). 

To introduce the study area, the physiographic sethg, Late Quatemary stratipphy, 

coastai geomorphoIogy, and reIevant marine geoIogy wilI be brietly described. 

1.4.1 Phys'aphic Setthg 

The Eastern Shore, to the east of HaIifiax Harbour is giaciated and submergent, 

incised by fauit-controUed, northwest trending basins eroded into date and meta- 

greywacke of the Cambro-Ordovician Megrmia Group. Eroding dnmilin fieadlands 

fomed by op to four stacked tiiI uni& (Stea and Fowler, 1979; Sonnichsen, 1984) divide 

the coastline into discrete morphodynamic cens (cf. Carter and Woodroffe, 1994). The 



Figure t . l Map of the McNab's IsIand area, Halifax Harbour. 



morphoIogy and physiography of the western entrance to Halifax Harbour is more 

representative of parts of the South Shore; coastai clifEs are fomed in white granites of 

the Devonian South Mountain Bathotith and surficial sediment is generaily thin. 

Haiifav Harbour is open to the AtIantic Ocean and McNab's Island shelters the 

ianer harbour fiom storrn winds and waves. Winter storms and hum'canes afTect the 

study area Winds may reach as high as 100 km/h and deep-water wave heights rnay 

reach 10 m. Halifax Harbour has an approximately 2 m tidal range and is generally ice- 

free. Ephemeral sea-ice Coms in sheltered embayments with a srrpply of Eesh water, and 

back-barrier lagoons may k e z e  fiom December to March. 

1.4.2 Late Quatemary Stra@pphy 

McNab's lsiand is approximately 4.5 km long and composed of 10 southeasist- 

trending d m h s  reac hing a maximum elevation O P 45 m (Figure 1.1 ) . Law lor Island is 

composed of 3 sinuous dnimlui foms also tcending southeast reaching a maximum 

elevation of 27 m. Btuffs in the snidy area are fomed usually across dnimlin axes but 

may dso be fonned in the sides of dnimlins nearly paraifel to their trend. 

Two tiIIs outcrop in bluffs in the study area The lowermost Hartlen Till is a 

dense grey Iodgement till (Nielsen, 1976) deposited by ice flowing fkom a centre in New 

Bnmswick and Quebec, during the Caledonian ice ffow phase (Stea et ai., 1992) 

approxhately 70 to 30 ka (Stea, 1995). This tiII is found at the base of bluffs at Kartlen 

Point (Figure 1.1) and on the West side of McNab's Island and underries the 

Lawrencetown TiI1 bebw a sharp contact with associated bouIder pavements in the 

Lawrencetown Ta. 



Most bIua  are fomed m the red, clay-rich Lawrencetown tiIl (NieIsen, 1976) 

deposited approximately 21 to 18 ka (Stea, 1995) by ice flowing fiom Prince Edward 

Island or the Minas Basin during the Escuminac ice flow phase (Stea et al.. 1992). The 

thickness of this till in moa places in the study area is unknown as the bottom is not 

exposed, but can b e  greater than 12 m. Three facies are found in the Lawrencetown Till. 

The predomuiant facies is the clay facies consisting of approximately 30% clay. This is 

overlain by a sandy fiacies compnsed of approximately 50% sand up to 2 m in thickness 

that tends to thin toward h l i n  apices (cf: Stea and Fowler, 1979)- The sandy facies is 

incised by mail (a m) cobbly grave1 channels of stony facies. At one location on the 

West side of Lawlor Island a partiaIly exposed channei greater than 10 m wide with 

bedded gravels is incised into the clay facies forming the Iargest outcrop of stony facies. 

Local sand and grave1 lenses may be present within the clay facies. 

A third tilf, the Beaver River Till, is found in a thin (CL rn) discontinuous sheet 

oniy on Devil's Island. This till is Iocally sourced (Stea and Fowfer, 1979). contains 

clasts of Halifax Formation, and was deposited during the Scotian ice flow phase when 

ice flowed from a divide along the axis ofNova Scotia (Stea et al., 1992) approximately 

17-14 ka (Stea, 1995). 

1.4.3 Shorefine Morphotogy 

The morphoIogy of dnmilin shorehes on the Atlantic Coast ofNova Scotia has 

been weU documented (e-g. Bames and Piper, 1978; Wang and Piper, 1982; Piper et ai., 

1986; Sonnichsen, 1984; Taylor a al., 1985). At McNab's IsIand the trend of dnmilins is 

sub-paralIe1 to both the direction of longest fetch (open to the Atlantic Ocean) and the 

direction nom which stonns may corne. HeadIands break up the coastline into dismete 



morphodynamic cells. Because of the rnorphologic anangement of dnrmlins, secüment 

supplied nom dnmilin headlands and incident wave energy, which dynaLnicaUy controls 

beach morphology, are segregated into separate embayments (Carter and Woodro ffe, 

1994; Forbes and Taylor, 1987; Carter et al., 1990a). 

Beaches may form either paralle1 (drift-aligned) or perpendicular (swash-aligned) 

to the dominant wave direction. In the study area most beaches are drift-aligned, thin, 

and backed by bluffs with varying rates of meat .  Coarse-clastic or grave1 beac hes are 

divided into shore-paralle1 zones consisting of an outer imbricate boulder or cobble 

fiame, a zone of mixed sand, pebbles and cobbles termed the grave1 sorting zone, and the 

most landward zone against the blufftoe consisting of possibly terraced beach gravels 

mixed with mud flow deposits from bluffs (cf: Bluck, 1967; Carter et d, 1990a; Carter er 

ai., 1990b) (Figure 1.2). The highest part of the beach is termed the crest, and may be in 

contact with the blufftoe, or, in areas of abundant beach sediment, may form a ndge 

seaward of the toe. Seaward of the outer boulder fiame is found a shoreface sand sheet 

which rnay extend to water depths of 10 to 20 m (Piper et al., 1986; Haii, 1985). 

1.4.1 Marine Geology 

The b e r  Scotian Sheif has been subdivided into a number of shore-parailel 

morphologie and seismic zones (Forbes et al., 199 16; Stea et al., 1994). Closest to shore 

is the Truncation Zone between 90 m water depth and the current shoreline, comprishg 

the area of sea floor that was affected by transgression since the sea-level lowstand (Stea 

et al., 1994). 

The Truncation Zone is dMded mto four subzones. Of particular interest to 

coastai studies near KaIifax are the Transition and Estuarine Subzones- The Transition 





Subzone, round at depths Eom 75 to 65 m, is represented by a smooth, planar surface 

with E t e d  sediment and records the previously mentioned last sea-level lowstand. The 

type section for this subzooe is Iocated approximateIy 12 km off McNabTs IsIaud (Stea et 

aL, 1994; G. Fader. pers. comm. 1999). The Estuarine Subzone, fkom depths of 50 m to 

the present shoreluie consists of outcrops of estuarine matends with intervening gravel 

lag deposits (Forbes et al., 199 1 b; Forbes and Boyd, 1989). It records the submergence 

d u ~ g  transgression of back-banier estuarine deposits that formed in sheltered areas 

between dnunlin headlands (Forbes et al., 1991b). Sparse gravel ripples rnay aiso be 

present on the b e r  Scotian Shelfnear Halifax (Forbes and Boyci, 1987); these may 

move under stom waves to depths greater than 30 rn (Forbes and Drapeau, 1989). 

1.4. 5 Hr'storicai Evolution 

Several locations in the McNab's Island area have undergone rapid coastal change 

in histoncal times. Barrie Beach, Noonan's Beach, and Doyle Beach at various times 

after the mid-I800s were mined for sand and gravel and were submerged, while 

McCormick's Beach fomed in Eastern Passage. The Thnuncaps, including Thnuncap 

ShoaI, Big Thnuncap, Little Thrumcap, and Thnuncap Hook, have ais0 undergone 

considerable change. Thnmicap Shoal and Little T h c a p  used to be drumlins but have 

been cornpletely eroded and submerge& a process now occmhg at Big Thrumcap. 

T h c a p  Hook is a gravel barrier beach that has been retreating since approximately 

1920- 



Chapter 2 

Methods and Resnlts 

2.1 Introduction 

Data were collected to interpret and measure coastal change at McNab's Island at 

a variety of time scales. Field data collected during a comprehensive monitoring penod 

fiom 1997 to 1999 were supptemented with historical data from a variety of sources. 

Field data include till grain size and shear strength properties, till water contenL bluff face 

erosion, foreshore erosion, bluffedge retreat, erosion of a submerged banier beach and 

dnnnlin shod, and environmental data Uicluding temperature, precipitation, weU water 

level and temperature, winds, wave heights, and tidd heights. Historicai data include 

charts, airphotos and win& wave, and tidd height records. 

Methods and results of data coIIection and analysis are presented in the following 

sections. 

2.2 SurveyNetwork 

in November 1 997 twenty survey Lines were uistdled to measure bluff retreat on 

McNab's and Law lor Islands (Figure 2.1, Appendix L ), consisting of one 1.5 m length of 

rebat, some with an aluminum numbered GSC nwey cap, and one or more 0.5 m wood 

stakes closer to the blmedge. At least one survey marker on each h e  was located ushg 

a Geotracer 2000 dud-phase differentai or reaI-time kinematic (RTK) global positioning 

system (GPS) with horizontai and vertical field accuracy of approxmiately 15 cm. Other 

sinvey markers ander tree cover were Iocated by measuring nom RTK-GPS positions 

ushg Emery poles (Ernery, 1961) with horizontal and vertical accuracy of approxknately 

6 cm over distances Iess than 4 m, 



Figure 2.1 Map of part of the study area showing survey Enes, section 
names, and 20 m and 5 rn bathpetrie contours. Heavy h e s  Uidicate 
erodmg b Iutfs. 



A combination of RTK-GPS and Emery poIe measurements was necessary due to poor 

performance of the RTK system caused by suspected radio interference in the McNab's 

Isfand area. The Geotracer 2000 c m  be operated in post-processing mode which 

eliminates the need for radio communication between the rover and base station, however 

when ushg this option the system is sIow to achieve precision mode (cm accuracy), data 

quality is not known unti1 data are pcocessed and elevations are no t resolvab te with 

current software. Additiondy, regardless of the duration of GPS tock after starnip or 

satellite loss, points collected within 1/2 hour of startup or Ioss are not always Logged to 

the rover. RTK-GPS alone was used to collect profiles prior to Iune 1998. 

The n w e y  network was tied into the Nova Scotia Geodetic Benchmark System at 

two locations (NS-5719, below Fort Ives and NS-4354, 17th tee, HartIen Point Golf 

Course). Back-caiculation of the position of NS-4354 h m  NS-5719 through points on 

the survey network gives an uncertainty of 4 cm horizontally and 8 cm verticdly. All 

positions are given as NAD83 (WGS84) UTM coordinates (Zone 20) relative to the 1975 

NAD83 coordinates oFNS-4354. Ai1 elevations are given as metres above geodetic 

datum. 

23 Sampling and Laboratory Analyses 

Sampies were taken &om the various facies of tins in the study area for three 

purposes: grain size andysis, remolded vane shear streugth determination, and naturd 

water content anaiysis. 

Six samples of approxhately I kg were taken in 1997 h m  McNabrs IsIand, two 

nom LawIor IsIrmd, and three fiom H d e n  Point. These were divided roughly in two; 



one hatfwas used to detennine grain size and the other to determine temolded vane shear 

strength. An additionai sample was coIIected fiom each of McNab's and Lawlor Islands 

for grain tize andytis in early 1998. 

In the grain size analysis samples were dried at 90 OC, weighed, and wet-sieved to 

mud ( 4 2  pu), sand (62 pn - 2 mm), and grave1 (2 mm - 64 mm) hctions, each of 

which were dried and weighed to give percent by weight. The mud fiaction was M e r  

separated to clay (G p) and silt (2-62 p) by hydrometer analysis (Holtz and Kovacs, 

L 98 1). The coarse fiaction percentage (>64 mm) was detennined by superimposing a 64 

square grid on a ground Ievel photograph of the sarnple site, estknating percent coverage 

of each square and avmging to give percent by weight (Kellerhals and Bray, 197 1 ). 

Grain sizes of sampled facies are shown in Table 2.1 and show that the clay facies of the 

Lawrencetown Ti11 is more clay-rich (20.1%) than the Hartlen Till which is of marginalIy 

higher silt content (35.3%). The Hartlen Till has higher percentages of coarse materid 

and grave1 (25.9%) and margindy Iess sand than the Lawrencetown Till clay facies. The 

sandy facies of the Lawrencetown Ti11 is 732% sand and tilt and has a higher percentage 

of grave1 ( 172%) than the clay facies. The sand lens was detennllied to be 96.3% sand 

and siIt. The stony facies has the highest percentage of coarse matend and grave1 

(74.1%) and contains only 6.3% silt and clay. 

The other portion of the grain size samples was used to determine the variation of 

shear streagth with water content Undrained remolded shear strength was measured 

u&g a laboratory vane shear device with miniature vane dimensions of 125 mm by 12.5 

mm and a strab rate of 50°/minute. SampIes were air-dned and pdverized nsing a 

rnortar and pestie. CIasts that wodd interfere with testmg (M mm) were removed and 



sample 

97-Ml 

97-M2 

97-M3 

97-M4 

97-M5 

97-M6 

97-M6b 

98-M7 

97-LI 

9742 

9843 

97-Hl 

97-HZ 

97-H3 

kcies 

clay 

sand lens 

sandy 

sandy 

clay 

clay 

clay 

clay 

clay 

stony 

sandy 

clay 

Hartlen 

Hartien 

ctay 

sandy 

Harüen 

coarse 
(>64 mm) 

5.9 

0.0 

1.8 

2 2  

5.5 

4.0 

14.0 

4.2 

5.3 

46.4 

1.4 

3.9 

9.9 

9.4 

gravel 
(2-64 mm) 

10.8 

O .O 

7 2.4 

23.7 

15.0 

12.8 

11.5 

8.5 

10.8 

27.7 

15.6 

6.9 

1 7.2 

15.5 

$0.9 

17.2 

7 6.3 

weight percent 

1 
sand 

(62 p n  - 2mm) 
32.3 

79.7 

44.3 

38.3 

32.8 

25.2 

22.6 

33.1 

31.9 

19.4 

48.0 

25.2 

23.7 

24.3 

29.0 

43.6 

24.0 

mud 
( ~ 6 2  pm) 

50.2 

19.6 

41 -4 

35.6 

45.8 

58.0 

52.0 

53.7 

51.5 

6.3 

34.9 

63.7 

49.0 

50.0 

53.6 

37 -3 

49.5 

clay 
w 

17.7 

3.0 

9.8 

6.4 

14.7 

21 *3 

19.1 

20.8 

19.4 

1 -2 

7.0 

27.8 

14.8 

13.5 

20.1 

7.7 

1 4-1 

Table 2.1 Resuits of grain size analyses. M indicates samples fiom McNab's Island, L 
Uidicates Lawlor IsIard, and H indicates H d e n  Point. All samples are h m  facies of 
Lawrencetown Till except 97-H2 and 97433 which are kom Hartlen Till. See Figure 2.5 
for sample locations. 



water was added in maiI mcrements uncil the sample was just moldable. A portion o f  the 

sample was d o d y  packed into the test vessel, the vane inserted into the sample, and 

torque appiied by the vane shear device until failure. increments of stress and stcain were 

automatically recorded on a laptop cornputer and the degrees of stress calculated Eom: 

180 
stress0 = -(stress increment - strain increment) 

256 

Torque is then calculated as: 

O r = stress x k (2) 

where k is the spring constant equd to 0.0176 aud 0.0098 for the two springs used. Peak 

undrained shear strength Su is then given by: 

where t,, is peak torque and C is a constant depending on the shape and dimensions of 

the vane given by Lu and Bryant (1997): 

where D and H are the width and height of the vane. 

After peak shear strength was reached the samp le was removed fiom the vesse1 to 

d e t e m e  its water content by weighing the wet sample, drying at 90 OC €or greater than 

24 ho=, coohg  in a deskator for greater than 24 hours, and reweighing. The percent 

water content w is given by: 



where MW is the mass of water and M, is the mass of solids in the sample (HoItz and 

Kovacs, 198 1). FoHowing removal of the sampIe for water content andysis another 

smaU amount of water was remoIded ïnto the remaining bulk sample and the shear test 

repeated. An average of eight tests were perforrned for each sample and the results b m  

sarnples of the same facies were combined It was found that the shear strength profiles 

of the Hartien Till and the clay facies of the Lawrencetown Tiii were best fit by power 

curves, whereas the profiles of the sandy and stony facies were best fit by exponentiai 

curves. The sand lens was best fit by a series of three straight lines as shown in Figure 

2.2. 

The decrease in shear strength with increasing water content is not Iinear but 

occurs most rapidly over a critical range of water contents which differs for each till and 

facies. The critical range for the Hartien Till is between approximately L 1.5% and 14.5% 

water content whereas that for the Lawrencetown Till clay facies is slightly Iower at 10- 

14%. The cnticaI range of the sandy facies is approxhately 4-8.5%. The sand Iens has 

a remarkably different mode1 and maintains a shear strength of 40 kPa to approximately 

13.5% water content at which point it decreases to a vaiue of 3-4 kPa. 

Till sarnples coIIected at weekiy to rnonthly intexvals Eorn November 1997 to 

May 1999 to determine the variability of naturaI water contents at nine different locations 

on McNab's and LawIor Islands. Smples were dso coiiected h m  exposed hIi 

fioresfiores. Approximately 40 g samples were taken h m  the extemal bluff surface (-2 

cm depth) and 60m the intemal h s h  tilI (40-15 cm depth) with a clean, dry harnmer. 

SampIes were wrapped in pIastic kitchen wrap, seaied in s m d  sample bags, and 

processed within a few days folIowiug the method of water content andysis desmbed 
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Figure 2.2 Shen strength models for the various tills and facies m the study area 
A) Lawrencetown TilI cIay facies at McNabrs and Lawlor Islands and 

Hartien Point 
B) Clay facies on McNabTs IsIand 
C) Clay facies on LawIor IsIand 
D) Clay fbes at H d e n  Point 



samples 97-HZ, 97-H3 
y=1.56*1 o ~ x ~ - ~ ~ ,  ?=0.96 
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water content (%) 

F. samples 97-M3.97-M4 
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2 -O& exponential y=3.50*10 e . ?=0.93 
200 1 1 

- Exponential 
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G. sample 9742 H, 
power y=2.~2*? ?=0.85 sample 97-M2 
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Fi- 2 2  E) Haden Till at Hartien Point 
F) Sandy facies on McNab's IsIand 
G) Stony facies on Law lm Island 
K) Sand Lens on McNab's IsIand 



above. The results are s h o m  in Figure 2.3 and data are given in Appenduc B. Sample 

stations are named accorduig to the approximate distance of the site h m  the nearest 

s w e y  h e -  For exampIe M5+5 is five metres towards line M6 from Line M5, and 

ML SA-25 is approxhateIy 25 metres towards MI4 nom MI SA. 

Intemal water content of the clay facies varies h m  3.0 to 22.9% and tends to be 

at a maximum in Febrttary and March and at a minimum in August Extemai water 

content varies Erom 1.2 to 20.5% aad rnay Vary at weekly to monthly Eequencies above 

and below intemal water contents. Extemal water content of the clay facies rnay be 

above internai water content for extended penods during the winter. Intemal water 

content of the sandy facies varies Eorn 6.0 to 28.8% and, in contrast to the clay facies, is 

closeiy matched by extemal water content which varies Eiom 3.1 to 38.6%. Minima in 

both extemai and internai water contents of the sandy facies occur in September or 

October and maxima occur in Febmary or March. The sand lens had maximum and 

minimum water contents of 32.1 and 17.9% in Novernber LW7 just pnor to being eroded. 

Shear strength caiculated nom measured water content using the mode1 

appropriate to each facies varies inversely with water contents (Figure 2.4). The shear 

strength of the Lawrencetown Ti11 clay facies is caiculated ushg the fomuIa of the curve 

in Figure 22% shear strength of the HartIen Till is caiculated fiom the cunre in Figure 

2.%, that of the sandy facies is caicdated h m  the c m e  2X, and the curve for the sand 

Iens is cdculated fiom the curve in Figure 2 2 .  The stony facies has been excluded tiom 

this and firrther shear sûength analyses because, as a clast-supported gIaciofluvial deposit 

with little nlt and cIay, its fdure behaviom in outmp is controIIed by coarse particle 
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Figure 2.3 Internai and extemai water contents measmed durhg the monitoring 
period- 
A) M1+1, cIay facies 
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Figure 2.3 E) M10I50, clay facies 
F) MI L+L. sandy facies 
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Figure 2.3 I) L4+40, clay facies 
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Figure 2.4 NaturaI internai and externai water contents measured during the 
monitoring period and shear strengths modeiied fiom water content ushg 
the mode1 appropriate to each facies. Broken h e s  Uidicate values p a t e r  
than 1000 Wa 
A) M W ,  cIay facies? internai water contents 
B) M M ,  clay facies, extemai water contents 
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D) MZ+10, sandy facies, externai water contents 



4 +- %-ter 
20 - * shear strength 

4 + % water 9 C 

sludy day study day 

study day 

H. 
Nov-97 May-98 Nov-98 May-99 

60 " " " l " " " ' " . ' - ~ ~ *  

1 + % wter 

Figure 2.4 E) M5+5, clay facies, internai water contents 
F) MS+S, cIay facies, extemal water contents 
G) M9+I07 sandy ficies, intemal water contents 
FI) M9+I07 sandy facies, artemaI water contents 

50 -. 

40- 
C, 

0 )  
30- E 

àe 

4 shear strength 
-80 , 

tu r 
-60 6 

m 



005 OOP OOE OOZ O01 O 
o ~ ! ~ , l s l l l . l .  

j 

&P A P ~ F  
00s W P  OOE ODZ O01 O 

A P W  

00s OOP OOE 002 001 O 
O " ' " " " "  

1 9  9 



t nternal 
M. 

Nov-97 May-98 Nov-98 May-99 
20 " " " " " ' 1 " " .  500 

-t % water 

O 100 200 300 400 500 

study day 

O 100 200 300 400 500 

study day 

t % water C 
shear strength ; 1 t C 

Figure 2.4 M) MI4+1, cIay facies, intemal water contents 
N) Ml4+I, clay f e ,  e x t d  water contents 
0) MISA-25, cIay facies, htemd water contents 
P) MISA-25, cIay facies, extemd water contents 
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arrangement rather than the shear strength of the sparse and relatively non-cohesive 

matrix (Nash, 1987). 

Caiculated internai shear strength of the clay facies ranges fiom 7 kPa to 10,604 

kPa white extemal shear strength ranges fiom 1 1 kPa to over 3 13,058 kPa Shear 

strength values higher than LOO0 kPa are not plotted in Figure 2.4. Intemal shear strength 

of the sandy facies ranges fkom O to approximately 90 kPa while extemal shear strength 

ranges fkom approlgmately O to 175 kPa One lllnitation of the approach to calculating 

shear strengths taken here is that, due to the steep dopes of the power cuves at low water 

contents, extremely hi& shear strength values are calcuIated. Externa1 water content of 

the clay facies tends to be lowea and is therefore most susceptible to overestimation. 

Shear strengths caiculated Eom water contents below the Iaboratory testing range (9.9- 

27.4% for the cIay facies and 4.1 -îO.S%, 5.9-1 5.1% and 4.6- 19.1 % for the sandy and 

stony facies and sand lens), should be interpreted with caution. 

Data in Figure 2.4 are summarized in TabIe 2.2 usùig the Iûth, 50th, and 90th 

percentiles of the meamred na- water content (w,,, w,,, and w,) and calculated shear 

strength (Sula, S,, and SdO) dismiutions. At naturai water contents, highest shear 

strengths are consistentiy displayed by the clay facies at station MI 5A-25 and the Iowest 

are consistently in the sandy facies at M2+IO. The lowest clay facies shear strengths 

occur at M5+5; those at Ml + 1 are slightly higher. Of  stations M14+L and Ml W50 the 

lowest shear strengths are measured at M i e l  at low and high water contents and at 

MiW50 at moderate water contents. L4+40 displays higher shear strengths at aiI na& 

water contents than these two stations. Outcrops of clay facies on the foreshore Ïn  the 

study area show lower shear strength at n a t d  water contents than the cIay facies in 



McNab's ar 
water 

content 
Ml71 
M2t10 
M5+5 
M9ttO 
MIO+SO 
M11+l 
Ml471 
M 1 Wb25 
L4t40 
Clay 
Sandy 
Sand Lens 
F oreshore 

d Lawloi 

facies 
clay 

sand y 
clay 

sandy 
clay 

sandy 
clay 
cla y 
day 

not 
above 

8. 
fades 
cla y 

r 

shear 
, strength 
Ml+ l  
M2+10 
M5+5 
M9+?0 
M10+50 
Mi l+? 
M14ti 
M 1 5A-25 
,L4+40 
Clay 
Sandy 
Sand Lens 

,Foreshote 

sandy 
cla y 

sandy 
cla y 

sand y 
cla y 
clay 
cla y 

not 
above 

Islands Samples 
n I a w  I WIO 

internal 
26 
18 
26 
28 
29 
12 
26 
27 

interna1 external 
26 21 

interna1 external 
61 -61 36122.80 

Interna1 extemal 
160.77 7606.15 

Ww 
internal 
10.74 
13.57 
1 1.42 
12.88 
10.52 
1 1.69 
10.37 
lO.04 

external 
15.29 
25.87 
97-79 
18.47 
16.23 
76.45 
17.22 
t 3.25 

intemal extemal 
109.16 83.60 

intemal extemal 
44.97 30.47 

Table 2.2 Statistias of (A) till water content measured in the field and (B) till shear strength calculated from measured 
water content. lndividual sample sites are given if applicable, as well as facies averages. Sce Figure 2.5 for sample sites. 



blufE, 

An alternate method of cornparison, appropriate where n a W  water content was 

not measured (e.g. Hartien Point), uses the Loth, 50th and 90th percentnes of ai1 water 

content samples taken during approxllnately 550 days of natural water content sampbg 

to calculate shear strength. Table 2.3 shows that the Hartlen TiN has the highest shear 

çtcength of alI facies in the study inea at low and moderate water content but at hi& water 

content is of low shear strength similar to the Lawrencetown Till clay facies. The saudy 

facies is of much Iower strength than the clay ffaies at al1 water contents, while the sand 

Iens is O € near constant strength except at high water contents. 

2.4 Sub-Annuai Erosion Monitoring Measurements 

Bluff face erosion was measured at 4 locations (Figure 2.5) on McNabrs and 

Lawior Islands from November 1997 to May 1999 using three 0.75 m long rebar rods 

hammered horizontaily into selected cIay facies bluff faces at approximately 0.5 m, 1 .O 

m, and 1.5 m above the base of the blufftoe (Amin and Davidson-Arnott, 1995). 

Appropriate locations for this type of rneasurement have high retreat rates, near vertical 

blfifaces, relatively steep foreshore dopes with imbricate cobble or boulder b e s  and 

Little beach gravel. Mea~u~ements were taken nom the exposed end of the rebar rod to 

the bluff usuig a steel d e r .  The amount of erosion that occurred is the difference 

between successive rneasurements and division by the time mtervai gives a rate of 

ero tion. Measurernent accuracy of the method is considemi to be approxfmately *O. 1 

cm; error is contnauted by difficdty reaching upper rods and the accumtdation of eroding 

tiII on the rods. A major source of =or, pdcularIy durhg the Winter of L997198 when 





Figure 2.5 (Top) Map of study area showing sampIe sites of samples taken for 
grain size and shear strength analysis. Aiso shown are Knudsen echosottuding 
[ines and the Iocation of the grotmdwater rnonÏto~g welI at the McNab7s Island 
teahouse. (Bottom) Map o f  southern McNab's IsIand showing water content, 
bIufferosion, and foreshore erosion monitoring stations. 



rod Iengths Iess than 0.5 m were use& was Ioss of rods as the bluffrapidy eroded during 

storm events. Rods were observed after storm events to be loosely in place when greater 

than one half the Iength was protruding h m  the bluff. therefore au erosion measurement 

of one haifthe rod length was used when rods were Iost. This likely results in 

underestimation ofretreat rate d u ~ g  extreme events in I997f98. Results of bluff face 

erosion measurements are presented in Figure 2.6 and Appendix C. 

Bluff face erosion rate is greatest in wùiter and reached a maximum at Mi4+1 of 

1 1 -44 m/a nom January 28 to February 3,1998 and 20.08 m/a between Ianuary 1 1 and 

1 8, L 999. Other events had rates of 9-83 d a  fiom January 30 to Febmary 1 2,1999 and 

9.13 d a  from March 3 to 23, 1999. At M15A-25 rates peaked at 8.64 d a  between 

Febmary 3 and 28,1998 and at 5.68 d a  between January 1 L and 18,1999. Station 

M5+5 had a peak of 1 7.89 d a  between February 3 and March 8,1998 and another of 

5.84 m/a between January I 1 and 30, 1999. Station L4+40 had peaks of9.70 mla 

between February IO and 17,1998 and 6.15 d a  between Febniary 12 and March 3' 

1999. No clear relationship is seen between erosion rates at different elevations on the 

bluff face. Peaks in 1998 occur at ai1 elevations while peaks in 1999 are, with the 

exception of M5+5, highest for the upper rod. 

Measurements of foreshore erosion were made at two selected locations adjacent 

to two bluff face erosion monitoring stations (M5+5, L4+40). Appropriate locations for 

meaStLnng foreshore erosion have exposed tilI below the bfufftoe and idedy have littie 

mobiIe coarse sediment. Three micro-erosion meter (MEM) stations were installed in 

exposures of  till in the foreshore near M5+5 and L4+40. Using the micro-erosion meter 

as a template, at each station t h e  1 rn Iengtbs of zinc-pIated steel rod 1 cm in diameter 
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Figure 2.6 A) Bluff face erosion redts fiom 3 rebar rods at MI4+I. The upper rod 
is approximately 1.5 m above the base of the bluff toe, the middle is 
approximately I m and Iower is approximateIy 0.5 m. 
B) as in A bot for MI5A-25. 
C) as m A but for M5+5. 
D) as in A but for L 4 M .  



were hammered v d c d y  into the exposed till at the corners of an equilated triangle 

with sides 19 cm Iong, until approxhnately 15 cm of the rods showed above the tilI. The 

MEM was placed on top of the leveled rods, a plunger dropped to the tiH surface, and the 

distance nom the top of the rods to the tiU surface read at the top of the plunger fiom a 

steel d e r .  Measurements are made dong the three sides ofthe triangle between the rods 

to avoid the Muence of scour near the rods (Davidson-Arnott, 1986; Davidson-Amon 

and Ollerhead, 1995). 

The amount of erosion is the difference between successive measurements and a 

rate is obtained by division of the average of  the positive erosion measurements made on 

eac h of the three ades of the triangle by the tirne interval between positive measurements. 

Although the meamment accuracy of this method is approximately i0.05 cm, mobile 

sand, gravel, and cobbles fiequently cover the till d a c e  aud result in negative 

measuremeat S. 

ResuIts of micro-erosion rneter measurements are shown in Figure 2.7. Al1 three 

stations on McNab's Island were burîed by infilhg sand and p v e l  in November 1998 

and have not since reappeared. Erosion meters on LawIor IsIand remah visibIe but the 

foreshore d a c e  has been frequentiy covered by sand and cobbles since November 1998. 

A maximum of 24.9 mm verticai foreshore erosion occurred at Lawlor Island station 

L4+30 between Ianuary 11,1998 and January 18,1999. Station L4-5 showed peaks of 

30.6 and 2.67 mm between September I and 20,1998 and September 20 and November 

5,1998 respectiveIy. A maximum of 29.7 mm of foreshore erosion occltrred at station 

M5+20 between May 1 O and Jime 2 1,1998. 
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Figure 2.7 Results of foreshore erosion measurernents uang a micro-erosion meter. 
Negative vdues caused by sedimentation are not shown. 
A) LawIor Island stations. 
B) McNabrs Island stations. Sand deposition buried 
stations in November, 1998. 



For both bluff face and foreshore erosion rneasurements, negative vaIues were 

ignorai and the time interval between measurernents was taken to be the lapsed time 

suice the Iast positive measurernent. In this mariner the effects of both the accumuIation 

of materid at monitoring stations and any clay expansion are removed. 

2.5 AnnuaI-Scale Retreat Measurements 

Measurements of annual-scale coastai change collected include bluffprotiles and 

rneasurements of bluff-edge retreat These were made at each survey Iine at 

appmximately 6 month to I year intervals starting in November 1997. The position of 

the bluff edge at the m e y  line was collected using RTK-GPS or the distance to the bluff 

edge was meamred h m  a survey marker uàng Ernery poles. Both techniques are 

considered accurate to 15 cm, however additional mcertainty &ses fiom choice of bluff 

edge position, especidly where turfoverhangs the bluff. Bluffedge retreat (X) is the 

difference between successive rneasurements to the bluff edge and error is therefore 

additive and equal to *IO cm. Negative d u e s  of X measured in the field were discarded. 

Profiles were collected nom a s w e y  marker landward of the bluff edge, down the bluff 

to the water line (Figure 2.8). Elevations of w e y  markers were verified using predicted 

tidai elevatioo. Vaiues were within 0.3 m over a 30-40 m long profile. 

Lines MI, M5, M6, M7, MI 1, M14, and L4 showed marked change between 

1998 and 1999 whereas h e s  M3, M4, W ,  MI3, and L5 were stabk Lines M2, M8, 

M10, and MI2 are intermediate. hmashg beach eievations are seen at M5 to M7 

whereas erosion of the beach prism is seen at MI and MZ. M l  I and Ml2 show 
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accumulation of rnateriaI on slump bIocks on the bluff face. Lhe M l 4  shows a slump at 

the bluffedge and colluvitun at the blufftoe. 

2.6 Decadal-Scale Retreat Measurements 

Historicd erosion of various source elements of the sediment budget was 

investigated h g  a Iengthy histoncd record comprishg airphotos at approxhately 10 

year intervals fkom 1934 and charts at irregular intervds nom 17 1 1. 

Areas of prominent erosion shown by this data set bclude Big Thmcap, Little 

Thrumcap, Thnuncap Hook, Doyle Point, Doyle' Beach, Barrie Beach, and Noonan's 

Beach. Deposition has occurred at Green Hiil Cove, Lawlor Spit, McCormick's Beach, 

Maughefs Beach and Wreck Cove (Figures 1. I ,2. I ). 

Rectification of airphotos requires stable control points easily identifiable on 

airphotos. Suitable locations were positioned using RTK-GPS and used to rectify (by 

means of GRASS software) ahphotos Erorn 1934, 1945,1954, L966, 1982,1992, and 

1997 at scdes of 1 5000 to 1 : 10,000 scanned at 400 d.p.i. Mosaics were constnicted 

h g  the GRASS capability of registering one photo to another on-screen using a 

combination of GPS points and common points recognizable on each photo; however, 

root mean square (RMS) errors generated by this method were too large for detailed 

rneanmments. Low RMS errors (<3.5 m) were generated if smdl areas near the center 

of abphotos were rectined u h g  6 or more control points and a first order polynomiai fit. 

Bltûfedges were digitised fÏom these Iow error images on-screen assisted by stereo 

mterpretation of airphotos. The distance to the bluffedge from the position of a survey 

rnarker at each smey h e  was measined on-screen for each time intervd between 



airphoto series. The amount of retreat (X) is the différence between two successive 

rneasurernents. 

The volume ofsediments (V) detivered by bltûfretreat was calculated using: 

v=LHX X20 (6 )  

where L is the length of eroding bluffmeasured from scanned and rectified airphotos in 

GRASS, and H is the historic bluffheight deterrnined by extrapolating 1998 bluff top 

dopes measured in the field to historic bluffedge positions measured on airphotos, 

assuming constant 1998 beach heights. For the purposes of this calculation negative 

values of X measured from airphotos were treated as zero values. 

Eroding bluff segments are Iocated at survey lines and include, as much as 

possible, bluffs of the same height, composition, and retreat rate. 'Che amounts ofcoarse 

materiai (>64 mm), gravel, sand and mud delivered from bluff retreat were calculated 

based on grain sizes of samples of the clay, sandy and stony facies, taken from each bluff 

segment, and the proportion of the diKerent facies in each segment. Average facies grain 

size is used for bluff segments not sampled. nie amount of sediment delivered by 

eroding bluffs is given in Figure 2.9 and Appendix D. 

Total sediment volume delivered fkom the Wreck section (Figure 2.9) peaked at 

21,100 m3 between L966 and 1982. Most sediment from the Wreck section was delivered 

fiom M2, M3, and M4; voIume supplied fkom MI was not sipnincantiy different fiom 

zero mtil 1992 when it began to increase. Sediment delivered nom the Green Hill 

section was at a minimum between 1966 and 1982 and peaked between 1945 and 1954 

and 1982 and 1992 when totaI volume of sediment is 1002 m3 and 725 m3 respectively. 

Volumes srrppiied at the three cIosely spaced Iines at Green HiLI are not significant[y 
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Figure 2 9  Sediment volumes delivered by bluffretreat Closed symboIs indicate 
measurements fiom airphotos and open syrnbols hdicate fieieId 
measurements. Numbers at the top of graphs refer to y e m  of a e d  
photography. Error bars are caidated fiom Equatiom 8 and 9. 
A) Wreck Section 
B) Green Hill Section 
C) W&t Gut Section 
D) Doyle Section 
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different fiom each other. Total voiume delivered by Lines M8, Mg, and MI O of the West 

Gut section peaked between 1954 and 1966 at 17,252 m3. Signincantly more sediment 

was delivered fkom MI0 than M8 and M9 during this the, however volumes fkom M8 

and M9 increased after 1966 and became not significantiy different Eom M 1 O. Volumes 

nom these three stations decreased to 1992 and became not significantly different Eom 

zero. Volume delivered fiom Doyle Point reached a maximum between 1945 and 1954 at 

42,120 m3 with the greatest coatriiution coming from M 1 I and M 1 3. Volume decreased 

to not tignificautly different fkom zero between 1954 and 1966, hcreased slightly to 1982 

and then decreased again to zero. Volume delivered nom Big Thnimcq reached a 

maximum between 1966 and 1982 at 28,695 m3 with the greatest contribution Fiom 

M15A, and decreased steadily to become not significantly different fiom zero between 

1992 and 1997 at which time volume nom M14 began to increase. Volumes delivered by 

the LawIor Point section reached a maximum between t 966 and 1982 of 54,7 10 m3 and 

then decreased to zero. Volume delivered by the East Gut section reached a maximum 

between 1954 and 1966 of 35,472 rn3 and then decreased to not significantly different 

fiom zero. 

Error in sediment delivery volumes aises nom volume measurement enor and 

grain tize analysis error. Because the Ioss of materiai during wet-sievùig was Iess than 

1 %, and wet-sieving is effective at separating size classes. the b& of the error is due to 

rmcertainty in amount of retreat over a time period, uncertainty in bIuEIength, and 

uncertainty in bIuffheight 

U n c e d t y  in bIuffheight is ditncuIt to quantify, but calcuiated heights are 

supported by airphoto interpretation. Bluffs at MI, 2 , 3 , 4  5, and 8 were at different t h e s  



calculated to have heights Iess than zero, that is, extrapolation of the dope to the 'blufP 

edge indicated the bluffs were not present; examination of airphotos shows that at these 

times the dnimluis were not yet experiencing wave attack and blufTheight was therefore 

zero. Considering therefore that bluff heights appear consistent and uncertainty of bluff 

height is difncult to quanti@, it may be assumed that most quantifiable error in the 

volume caIculation arîses h m  retreat and bluff length measurement error. 

The average error of a measurement on a single airphoto is given by the RMS 

error of rectification so uncertauity in bluff length is equd to the RMS error ( 0 . 5  m in 

this study). An additional source of uncertainty in the interpretation of bluff 

lengths which are chosen to be of uniform composition, amount of retreat and bluff 

height, and where low ends of bluffs are excluded. hterpretations were made ushg 

stereo airphotos and recent interpretations were field-checked. 

When comparing two shoreline potitions on two airphotos to measure amount of 

retreat (X),  average retreat measurment enor (Ed over the area of rectification is &en 

b y: 

E, = ~(RMs,)'  +(RMS$ , (7) 

where RMS, and RMS, are the RMS m o n  ofeach airphoto. Typical values of error of 

the amount of retreat are Iess than 4 m but are oflen greater than the amount of retreat 

measured nom airphotos, particuIariy ifthe tirne interval is short and retreat s m d .  

Volume error (Ev) of airp hoto measurements is therefore gÏven b y: 

Ev = LH(E, + RMS) 

where RMS is the error of the photo used to measure blufflength, 



Percentage volume errors obtahed by this method are aven in Table 2.4. Where 

retreat approaches the error of measurement, large percentage voIume erroa resuIt 

Long high bl& have higher total emr than short Iow bIuEs. 

Field measurements of retreat between 1997 and 1999 coUected using Emery 

poles are more accurate than those made nom airphotos and have error k10 cm. As with 

historic retreat measurements, bluff Iengths were rneasured nom airphotos with emr 

equd to the RMS error. Assuming again that most quantifiable error arises nom the 

measurement error of retreat and biuCl length, volume m o r  O €  field measurements is 

given by: 

Ev = LH(OJ+ RMS) (9) 

The total volume error depends rnainly on blufflength where Iong bluffs have large 

errors. Percentage voIume mors of field measurements, as is the case for airphoto 

measurements, depend on rneasured retreat. Vdues of E,, from field rneasurernents are 

Iess than vaiues nom airphoto measurements. 

Retreat rate (R) is cdculated from: 

where X is the measured retreat and T is the time interval between airphotos or fieid 

measurernents. Error of decadal retreat rate rneasured nom airphotos was evaluated in 

two ways. In the first method, a rejection method, a mtnimum-time requirement T,, is 

caicdated fiom Dolan et al. (1991): 





Measurements are rejected ifT,, is greater than the t h e  interval between photos. The 

second method of error evduation quantifies retreat rate error (Ed measured on airphotos 

€0 uowing : 

where T is the time interval between airphotos. Cdculation of error bars by Equation 12 

is used in this study because the minimum t h e  requirement method reduces the number 

of data points and results in large interpolated retreat rates (Manson, 1999). 

Large erron in airphoto rneasurements of R resdt from short airphoto intervais 

and large RMS errors. Error in field rneasurements of b Iuff retreat rate (ER) is calculated 

simply as 0.1 m (Emery pole accuracy) divided by the t h e  interval and are much smaller 

than ER when R is measured from airphotos. 

Histonc and recent retreat rates for each survey iine are given in Figure 2.1 0 and 

Appendix E. Retreat rates at the Wreck section reached a maximum of2.07 m/a between 

1966 and 1982 and decreased to a minimum between 1993 and 1997. Rates have not 

increased significntly since 1997. Rates at lines M2, M3, and M4 tend to be similar, 

wMe those at M 1 are different and gradualIy ùicreased to 1992. Negative vaIues of 

retreat measured at M2 and Ml  are significantly different Eom zero between 1945 and 

1954 and resuit from an indistinct bluff edge. At the Green W section, retreat rate 

peaked between 1954 and 1945 at 1-35 d a  and decreased to not significantly different 

h m  zero between 1954 and 1966. A smaller peak of 1.01 d a  occurred between 1982 

and 1992 foiIowed by a decrease in rate to 1997 and a subsequent signincant Increase to 

131 and 1.49 d a  at hes  M5 and M6 respectively between 1997 and 1999. Retreat rates 
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Figure 2-10 Retreat rates measrned h m  airphotos fkom 1934 to 1997 (cIosed 
symbols) and fieIdwork Eom 1997 to 1999 (open symbok). Numbers at 
the top of graphs refer to years 0faerÏa.I photography. Error of 
measmments h m  ailphotos are caicdated h m  Equation L2. 
A) Wceck Section 
B) G m n  HiII Section 
C) West Gut Section 
D) DoyIe Section 
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at M5, M6, and M7 are similar to each other before 1966 and after 1997 but are variabie 

between these dates, Retreat rates were Iow at the West Gut section between 1934 and 

1945 and simiIar at M8, M9, and Ml0 but reached a maximum at M8 and M9 between 

1945 and 1954 and at ML0 between 1954 and 1966 reached 1-90 m/a, Rates were not 

signincantly dinerent fiom zero fiom 1982 to 1997 but have increased slightly d e r  

1997. Retreat rate at Doyle Point reached a maximum between 1945 and 1954 015.90 

d a  but decreased rapidly between 1954 and 1966. Oniy MI 1 has hcreased significantly 

since 1966. At Big Thnrmcap retreat at lines M l  SA and B peaked between 1954 and 

1966 and between 1966 and 1982 at 2.15 and 2.38 m/a respectively and decreased to not 

significantly different Eom zero between 1992 and 1997. Rates at M l 4  decreased from 

1934 and became negative between 1966 and 1982 but show a strong increase to a 

maximum of 5.98 m/a between 1997 and 1999. Rates at MISA and B also increased 

significantly since 1992 to 1 -86 and 2.88 m/a respectively. Retreat rates of lines at the 

Fort McNabts/Strawberry HiIl section are not significantly diEferent nom each other since 

1934 and show a decrease fi-orn a maximum between 1945 and 1954 of 1.3 1 m/a to not 

sîgnificantIy different fiom zero between L 966 and 1982. Rates increased to 1997 to a 

maximum of t 2 0  d a  at M19; a subsequent decrease between 1997 and 1999 is 

signincant oniy for M 19. Rates at LawIor Pomt reached a maximum of 1 .84 m/a between 

1954 and 1966 and decreased to not signincantly different fiom zero between 1982 and 

1992, Rates have increased signincantiy since then oniy at L3. Retreat rates at the East 

Gut section peaked between 1954 and 1966 at 1 21 d a  and decreased to not signÏfÏcantly 

Herent fiom zero betçvem 1966 and 1982. Lines M4 and M5 are simlIar to each other 

except between 1997 and 1999 when retreat at M4 hcreased to 3.01 d a  



2.7 Measurements of Erosion of Offshore Features 

Erosion over the of offshore features (shods and submerged banfer beaches) 

was measured using a combination of echosomding in 1998 and 1999 and Canadian 

Hydrographie Service (CHS) field sheets containing a high denàty ofhistoric 

echosoundings. 1998 and 1999 sounding profiles were collected using a Knudsen 

echosounder with both 200 lcHz and 28 kHz transducers mounted on a 4.8 rn Zodiac 

positioned using RTK-DGPS or a Garmin 45 GPS with differentid control from 

Canadian Coast Guard radio beacons using a Magnavox MBXl 1 beacon receiver. 

Positioning accmcy of the Garmin/MBX11 system is approximately *5-8 m. 

The 200 kHz transducer is used for bottorn detection while the 28 kHz trmsducer 

penetrates muddy sediments and cm be used to identi@ these on traces. Soundings 

collected with the ffiudsen echosounder are corrected €or tides to 1987 chart datum and 

compared to historicai soundings of Barrie Beach from a 1964 CHS fieldsheet and 

soundings of Thnimcap Shoal from 1950 and 1979 field sheets d l  corrected to 1987 chart 

dahm and NAD83 horizonta1 datum. Horizontal corrections of historie soundings were 

made by correcting 4 points on each fieIdsheet and recaiculating the scale. The accuracy 

of these sources is not weli defined and depends mahiy on the navigation system being 

used. Positionhg accuracy of * H O  m is possible. Somding accuracies of both the 

Knudsen echosounder and the M a r  sotmding systerns used by CHS are approximately 

*1 cm, however sweU heave and Zodiac vesse1 parameters such as Ut, squat, and pitch 

cm introduce error. Eel gras is another potential source of maccuracy when sounding 

sheltered sandy substrates as it is opaque to sonar at bottom detection fkequencies. BarrÏe 



Beach profles are given ui Figure 2.1 1, and Thnmicap Shoai profiles are given in Figure 

2.12. AU souudings are given in rnetns below 1987 chart datum which h 1999 is 0.8 m 

below geodetic datum. 

1998 Barrie Beach pronles were collected by simuitaneously recording RTK-GPS 

positions and somdings at 20 s to 1 min. intervais. Additional depths dong profiIes 

were obtained fkorn echosounding traces and positions were interpolated. Results showed 

that up to 2 m vertical erosion ofthe submerged beach between 1964 and 1998 is 

accompanied by up to 1.5 m Iowering and 50 rn northwestward migration of the main 

crest. The smaller crest to the southeast was Iowered by up to approximately 1 m with 

Little migration. Negligible erosion over Cock's Comb, a bedrock shoal, is shown by 

Figure 2.12f, in which recent and histone proFiles show remarkable similarity in form. 

1999 Thrumcap Shoal profiles (Figure 2.12) were collected ushg the Gamin 

45/MBX11 system and vertically corrected using measured tides. End points of profiles 

were converted nom latitude and longitude to UTM coordinates and positions of 

soundings interpoIated. 1950 and 1979 profiles tend to be similar and show marked 

vertical erosion (up to 3 m) oniy in shailow depths. LJp to 3 m erosion occurred between 

1979 and 1999 at depths greater than 3 m, but oniy up to 1 rn of erotion has occurred at 

shaiIow depths. 

The Knudsen echosounder was also used to iden@ other potential offshore 

sources of sediment (see also Figirre 4.5) which were groundtmthed by SCUBA in 1998 

and 1999 as hummocky estuarine or IagoonaI sandy muds and relict barrkr beach forrns. 
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Figure 2.1 1 Knudsen echosolmding profiles over BarrÎe Beach. Prome Iocatious are 
piven in Figure 2.5 
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Figure 2.12 Knudsen echosounding profiles over T b c a p  Shod. Profile locations 
are given in Figure 2.5 
A) TSL B) TS2 C) TS3 D) TS4 



2.8 Environmental Data 

Records of daily maximum and minimum temperature and precipitation and 

holnly wind speeds recorded at CFS.  Shearwater (station 8205090) were obtained nom 

the Atmospheric Environment Service (AES) of Environment Canada Shearwater 

records were supplemented with data from Shearwater Autopon (station 820509 1) and 

Citadel Hill (station 8205020). Precipitation and temperature data cover the monitoring 

period Eom 1997 to 1999 (Figure 2.13); wind data extend frorn 1953 to March 1999 

(Figure 2.14). 

Over 45 mm daiIy precipitation occurred 4 tirnes during the monitoring period. 

On January 24, 1998,52.2 mm of precipitation fell likely as mixed raui and mow when 

minimum and maximum temperatures on this day were -4.7 and 6.4 OC. 76.6 mm of min 

fell on JuIy 1 L, 1998 when minimum and maximum temperatures were 1 1.9 and 15.7 O C .  

6 1. I mm tell on October I 1, 1998 when minimum and maximum temperatures were 9.1 

and 12.7 OC. 48.1 mm of precipitation fell presumabIy as snow on Febmary 18, 1 999 

when minimum and maximum temperatures were -6.5 and -1.6 OC. 

Mean daiIy wind speeds show winter maxima and summer minima. Peak wind 

speeds were greater in the winter of 1997/98 than 1998/99. Mean daiIy wind speeds 

exceeded 35 km/h four times in l99?/98 and never in I W8I99. Northwesterly winds of 

speeds p a t e r  than 30 lanm were recorded for 32 hours on December 3, 1997, winds on 

January 14, LW8 were northwesterty greater than 30 kmm for 3 1 hours, and wÏn& on 

January 21.1998 were northerIy greater than 30 kmm for 35 houn and greater than 50 

kmm for 13 hours before veering northwesterly and diminishing. On February 25,1998 

easterly winds were greater thm 30 kmh for 33 hours and greater than 50 kmm for 21 
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Figure 2.1 3 Enviionmentai data during the monitoring period. Recipitation and 
temperature were measured at CFB Shearwater; weiI water leveI and 
temperature were measured at the teahouse weLi, McNabrs Island (Figure 
2.5). 
A) D d y  precipitation 
B) Maximum M y  temperature 
C) Minimum W y  tempera- 
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Figure 2.14 Wmd speed measured at CFB Shearwater. 
A) Maximum monthIy wbd speed since 1953. 
B) Mean daiIy whd speed durhg the monitoring period. 



hours. The four highest winds over the wkter of 1998/99 were southerly switching to 

westerly greater than 30 kmh for 24 hours and greater than 50 Imi/h for 4 hours on 

December 22. 1998, and southeasterly switching to southwesterly greater than 30 lanm 

for L 9 hours and greater than 50 km/h for 1 hour on January 9, 1999. Northwesterly 

winds on February 27, 1999 were greater than 30 lanm for 21 hours, and southwesterly 

veering to westerly wiads were greater than 30 lanni for 39 hours and greater than 50 

lanm for 5 hours on March 16,1999. Wind storrns appear to have been less intense but 

more numerous in winter 1998/99 than l997/98, 

Historic maximum monthly wind speeds show a penod of stormhess nom 1956 

to 1963 and a calm penod to 1994. Stonniness appears to have increased since 1994, 

however, maximum monthly wind speeds as low as those recorded in 1 999 were hst 

recorded in 1971. Important wind storms occirrred on January 9,1956, November 8, 

1963, February 2,1976, and February 25,1998 (Table 2.5). 

HourIy well water Ievels and temperatures were coiiected from November 1998 to 

May 1999 at 4.2 m depth in an abandoned 5 m deep stone-lined weII on McNabts Island 

(Figure 2.5) using a Vemco Mini-Log recorder with depth and temperature resolutioo of 

0.1 m and 0.1 OC (Figure 2.1 3). Water leveis increased sharply in ~nid-December, 

reached a maximum of 5.19 m in mid-January and declined to May. WeekIy oscilIations 

of 03 to 0.4 m were common. Temperature decreased sharply fkom a maximum of 8.7 

OC in November and more gentiy in December and January to a minimum of 4.1 OC m 

earIy March when it began to slowly rise. 

Deep-water wave data m e m e d  since 1973 at the Shearwater wave-rider buoy 

Iocated m 46 rn water depth southeast of Osborne Head (44.54 "N, 63.46 "W) were 
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2211 I l t85l '  
2411 211 853' 
02/0811867* 
O411 0/1869* 
04/09/1870' 
2410811 873' 
0710911891* 
11 109/19w 
0910 il1 956 
3011 211 956" 
0411 81958 
20/0211 963 
O811 tt1 963 
01112/1964" 
1 7/03/1974" 
2011 011 974' 
281071 i 975 
021021i 97P 
1 7/03/1976' 
O9lT I l l 9 8 i  
3OlO?/l99O 
26IO3/199l 
3011 0/1991 
1410311 993 
O4lO2(I995 
t S/O9IIW6 
25/02/1998 

Wind 
Speed 
( k m )  
21 7 

iumcane 
gale? 

116-216 
stom 
gale 
gale 

gale? 
gale 
gale 

stonn 
gale 
gale 
110 

stom 
gale? 
>50 
>70 
>50 
>50 
>50 
>?O 
>50 
>30 
>30 
>50 
>50 
>50 
26 
>50 
28 
>30 
>50 
>50 
>50 
>50 

Wind 
Direction 

NE 

NE 

SE 

SE-SW 
SE 

SE-SW 
S 

SSE-SE 

SE 
NE 
SW 
NE 
SW 
NE 
SE 
sw 
W 
sw 
S 

SE 
SW 
SE 
N 

NE 
S 

sw 
W 
E 

Wave 
Heig ht 

(ml 

4.05 
3.08 
4.33 
5.88 

? 
9.82 
6.52 
9-25 
6.28 
9.23 
9.39 
8.69 
8.17 

SW Nova Scotia 
The Great Humcane 
New Eng tand 
New Eng land, Nova Scotia? 
H a l i i  
HalifaxlSouth Shore 
Nova Scotia 
Long Island Humcane 
Halifax 
Halifax 
Halifàx 
Halifax 
Bay of Fundy, Saxby Gale 
Halifax 
Halifax 
Hal& 
Humcane Edna 
Halifàx 
South Shore 
Halifax 
Halifax 
Halifax 
Halifax, 25 yr. s t o n  
Hfk. Groundhog Day Storm 
Halifax 
Halifax 
Halifax 
Halifax 
Halifax 
Halifax 
Halifàx 
Hfx, Haltowe'en Storm 
Hfx, Storm of the Century 
H a l i i  
Halifax, H~fri~afle Hortense 
Halifax 

TabIe 2.5. List of important wind stoms and wave events affecthg the Maritime 
provinces and New Endand states giving wind speed, mean wind direction, maximum 
daïiy wave height, maximum daily tidal devation and storm duration. WUids afler t 953 
are measured at CFB Shemater, and waves &er 1970 at the Shearwatex wave-rider bouy- 
AstemC. hdicates storms compiled by DeIure (L983). 



obtained from the Marine Environmentai Data S e ~ c e  (MEDS) of the Department of 

Fisheries and Oceans (Figure 2.15). These data consist of significant wave heights and 

peak wave periods calcdated fiom the wave spectnm determined nom 20 minute water 

d a c e  elevation records. Signincant wave height is dehed as four times the square root 

of the area under the variance spectnrm of the water surface elevation and peak period is 

dehed  as the inverse of the frequency of the maximum variance. Quality control 

performed by MEDS was preserved during data processing; dubious and enoneous 

measurements were excluded. The acceleromeier sensor on the wave buoy was 

inoperationai from mid-March 1998 to mid-Decernber 1998 and again in March and July 

1999. Continuous wave records are invaluable in climate and coastd studies (e.g. 

Günther et al., 1998; Forbes and Drapeau, 1989) and allow calibration of wave hindcast 

models (e.g. Amin and Davidson-Arnott, 1995). The wave record nom Shearwater is 

unfortunately discontinuous and appears to be becoming more so; since the beginning of 

this study in November, 1997 the Shearwater wave buoy has been operative 51% of the 

turie cornpared with a days operative average since 1970 of 89%. 

Maximum monthly signincant wave heights show maxima in winter and aIso in 

the early fdl. Wave heights greater than 9 rn were recorded once pnor to 1990 and 3 

tirnes after. Smailer peaks were recorded in 1986 and 1987 and after 1996. Maximum 

daiIy signincant wave height of 9.82 m was recorded on Novernber 9, 198 1,925 m on 

March 26,1991,923 m on March 14,1993, and 9.39 m on Febniary 2, 1995. An eariy 

fall peak of 8.69 rn was recorded on Septemba 15,1996. Mean daily agniscant wave 

heights greater than 5 m occurred hivice in the winter of I998/99 and once in 1997/98. 



Study Day 

Figare 2.15 Deep water wave heights measined at the Shearwater wave rider buoy. 
A) Maximum monthly wave height since 1970. 
B) Mean d d y  wave height doring the monitoring period. The 
accelerometer was inoperationai for periods of 1998 and 1999. 



Mean d d y  sïgnincant wave heights of 6.43 m occurred on February 25,1998,524 tn on 

February 26, 1999, and 5.05 m on March 16, 1999. 

HourIy sea level elevations recorded at the Halifax Harbour tide gauge fiom 1 896 

to 1905 and since 1920 were dso obtained fiom MEDS. Measurements are corrected to 

1987 chart datirm. Data since 1996 are used to update the sea Ievel curve for Haiifax 

Harbour previously presented by Shaw et al. (1993) (Figure 2.16). Mean annual sea level 

bas risen in a step-wise manoer at rates ~ € 0 . 8  d a  to 8 mm/a with a cumulative rate 

since 1896 of 3.0 mda.  Sea-IeveI rise occurred rapidly between 1928 and 1970, very 

slowly d e r  1970 and in 1993 again began inmasing rapidly. Maximum monthly water 

level since 1920 has maxima in winter which increase d u ~ g  rapid sea-1eveI rise and 

decrease slightly after 1965. Major peaks since 1950 are 2.47 m on Febmary 28, 1951, 

2.63 rn on November 12,196 1.2.76 rn on February 23, 1967,267 m on March L 7, 1976, 

2.59 m on February 7, 1978,2.65 m on January 29, 1979,2.56 rn on January 30. 1990, 

2.53 m on December 21, 1995, and 2.6 I m on September 14, 1996. Maximum daiIy 

water IeveIs during the monitoring period appear highea during the winter of I 997/98 

and show 4 peaks: 2.45 m on November 15,1997.2.44 rn on December 30,1997, and 

2.38 rn on February 25,1998, and 2.3 rn on December 30,1998. 

2.9 CIimate Indices 

The clhate in the Maritime provinces may be controff ed by two osciIIation 

indices, the Southem Oscillation Index (SOL) (Figure 2.17) and the North Atlantic 

Oscillation Index (NA00 (Figure 2.18). The SOI is defked as the difference of 

nomalised monthly airpressures at sea ieveI at Tahiti and Darwin, Australia The NA01 
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Figure 2.16 Water Ievel measured at the HaIifgx Harboirr ti< 

A) Mean annd sea-Ievel since 1896 with rates of M L  rise. 
B) Maximum monthly water levers since 1920. 
C) Maximum daily water Ievels dtnmg the monitoring period. 
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Figure 2.18 The North Atlantic Oscillation Index (NAOI) between 1864 and Febniary, 1999. The NA01 is defined 
as the diffwence between normalised niean December, January, and Febniary sea level air pressures at the Azores and 
Iceland. Annual values, and the 3 year and 1 I year running means are given. Sources 
http://www.cru.uea.ac.uWcddaWnao.html World Monthly Climatic Data, 1998-1 999. 



is defined as the difference between average normaIised December to February monthIy 

air pressures at sea Ievel at Ponta Delgada (and Santa Maria), Azores, and Reykavüc (and 

other stations), Iceland. MonthIy values of the SOI and m u a i  values of the NA01 were 

nomaiised using the mean and standard deviation of values Eom 1960 to 1990. 

2-10 Conclusions 

Methods used to coilect field and hiaorical data h m  a variety of sources are 

given and t h e k  accuracy discussed. Field results obtained by these methods are presented 

and include till grah size and shear strength properties, tiil water content, bIuff face 

erosion, foreshore erosion, bluff edge retreat, erotion O f a  submerged barrier beach and 

drumiin shoal, and environmentai data including temperature, precipitation, well water 

level and temperature, winds, wave heights, and tidal heights. HistoricaI data include 

charts, airphotos and wind, wave, and tidal height records. Selected data and results are 

presented again and discussed in the foIIowing chapters. The sampling and labontory 

analyses, sub-annuai erosion measurements and annuaI retreat measurements are 

considered in Chapter 3; the decadal-scale historical chart and airphoto resuits and the 

echosounding data are m e r  investigated in Chapter 4; and the environmental data and 

c h a t e  indices are discussed m Chapter 5 with reference to decadal-scde coastai change 

m the McNabrs Island area. 



Chapter 3 

Annuai and Sub-Annuai Time Scales of Coastat Change 

3.1 Introduction 

Retreat of coastal bluffs occurs oniy if the bIuffs are both eroded, delivering 

materid to the upper beach, and ifthis rnaterial is subsequently removed fiom the 'DIuff 

toe (Wilcock et aL, 1998). Retreat, an annual process at the blaedge, and erosion, a 

sub-annuai process affecthg the bluff face, have been considered to be caused by an 

imbdance between an assailing force proportional to wave height at the bluff toe and a 

resisthg force proportional to compressive strength of the bluff-forming rnaterial 

(Sunamura, 1977) whereby retreat or erosion occurs when the assailhg force exceeds the 

resisting force. 

Marine tindercutting and debris rernovd is the product of the assailing side of the 

force imbaiance. Elevated water levels and storm surges (Carter and Guy, 1988). relative 

wave stmgth (Wilcock et al., 1998) and ail of these (Amin and Davidson-Amott, 1995) 

have been shown to increase blufferosion rates by increasing the assaihg force. Other 

research has focused on the erosion of cohesive tiIl foreshores and nearshores as a control 

of the rate of bluff retreat (Davidson-Amott and Askui, 1980; Kamphuis, 1987). 

Assuming an eq.di%rîum profile under stable water Ievels, vertical Iowering of the 

foreshore must accompany horizontal biuffretreat; high rates of foreshore lowerbg 

remove protective and dissipative foreshores and aIIow increased wave attack at the bluff 

toe, whiIe Iow rates d o w  the development of protective camps seaward of the bitdTtoe 

(Davidson-Anon and OUerhead, L995). Rates of foreshore Iowerhg decrease seaward of 



the bluff toe @avidson-Arnott, 1986) and in ff m e  tests rapidly k e a s e  when thin Iayers 

of moving sand are present (Skafel and Bishop, 1994). 

The resisting force is controlIed by properties of the bluff materid. Significant 

properties of cohesive bluffs in glacial materials have been considered to be to bluffshear 

strength (Zeman, 1986; Kamphuis, 1987), stratigraphy (Eyles et ai., 1986; Jibson et al., 

1994) and groundwater fiow (Latheman, 1986). 

Between the assaihg and resisting forces, however, lie beaches which, Lie 

foreshores and ramps, absorb incident wave energy and c m  prevent both foreshore and 

bluff toe erosion. Beaches are particularly important on paraglacial coasts undergohg 

transgression because they are denved fkom the products of blufferosion (Boyd et uL, 

1987) and thus present mechanihns for morphodynamic feedback as beach development 

in fiont of an eroduig blufTmay slow erosion rates and the supply of beach-forming 

materid (Carter and Orforci, 1988; Forbes et a[., 1995a). 

Locaily, annuai bluff retreat fias been measured since 1973 at Hartlen Point 

(Taylor et ai., 1995). The ody previous measurements that define the reasting force of 

the Hartlen and Lawrencetown TiIIs are grain skes and Atterberg Limits (Neilsen, IW6; 

PodoIak and S hilts, 1 978); shorelines of McNab's Island have been mvestigated m a 19 1 4 

photographie survey by I. W. Goldthwaite ofthe GSC and in a M.Sc thesis on the 

behaviour of tar particIes on Maugher's Beach (von Borstd, 1974). The assaihg force 

has been Eivestigated more closely; Carter et al. ( 1 99Oa) show how bIuff retreat 

downdnft of drmnlio headlands is controIIed by Longshore gradients in wave height, the 

wave breaking angle and the dispersd of eroded material dong the dnrmIin O a&. The 
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steep capped by a 1 2  m tliickness of sandy facies. MI is a low blunwith a steep bluff 

top dope; the line is Iocated on a formery east-fahg erosional dope that becarne 

inactive and was revegetated between 1934 and 1945 and became active again afler 1966. 

The beach fionthg the Wreck section is predominantly swash aligned (Figure 3.1) and 

gravelIy. AIthough variable, grain size of beach sediment tends to increase to M3 and 

M4 where a 0.5 ha accumulation of boulders @-ais 1.3 m) is present and where an 

upper beach terrace frwluently deveIops. Development of beach cusps with wavelengths 

of 1-2 rn is common when the terrace is present and swash-aiigned. Till is kequentIy 

exposed between the grave1 beach and outer boulder fiame at Ml; terrace development is 

less common at this site. 

Retreat is high at M2, despite a relatively hi& beach, due to the wndy facies from 

which groundwater seepage Bows down the bluff face. Groundwater can accumulate in 

the sandy facies during below-fieezing temperatwes. Water content measured over the 

winter of 1998/99 shows a peak in late January (Figure 3 2) but is otherwise relatively 

constant with simiIar mtemal and extemai vaiues and shows weak correlation to 

precipitation events. WeIl water IeveI (a pmxy for hydrauiic head) shows no apparent 

correlation to precipitation events but, like precipitation, it has a winter maximum. This 

Iack of correIation is due to a delay between precipitation entering the groundwater flow 

and reachuig the monitoring welI and also due to delayed nmo ff when precipitation fdls 

as snow. The peak m the sandy facies water content, however, is correIated w-ith a 

precipitation event that occimed in Iate Ianuary 1999 while temperatures were above 

fkeehg. Temperature then feu beIow hezing for approxmiately 1 week and trapped 

water as it percoIated through the sandy facies ailowing high water contents to btdd up at 





study day 

Figure 3.2 Average d d y  weIl water IeveI, total daily 
precipitation, mean daiIy temperature, and average extemal 
(dashed he) and interna1 (soIid he) water content (%) of the 
sandy facies (M2+10, M9+50, Ml 1+1) fiom mid-October, 
1998 to mid-March, 1999. 5 day ninning means of weli water 
IeveI, precipitation, and temperature are shom by dark lines. 



the bIuffface. FoIIowing increasing daiIy temperatures the ice meIted and water content 

in the sandy facies rapidly hcreased promothg slumping of the bluff edge and 

contriiuting most of the retreat that occltrred over the winter of 1998/99. 

To summarize. the Wreck section (Ml, M2, M3. M4) has both rapidly and slowly 

retreathg lines. Mt and M2 represent moderate to rapidly retreating bluffs fomed in 

cIay facies. The sandy facies is approximately 1 rn thick at M2 and conmbutes to retreat 

at this site. Groundwater accumulates in the sandy facies during periods of below 

&e&g temperatures and, when it melts, greatly increases the water content which 

lowers shear strength and causes failure. Ml is at a Iow bluffwith a steep blufftop dope 

and has recently been reactivated d e r  a long penod of stability. M3 and M4 are partially 

vegetated and retreat slowly. This section is predominantly swash-aligned and a grave1 

terrace rnay develop in front of the blufftoe. Beach cusps may form in the terrace. 

3.2.2 Green Hill Section 

The drift-aligned Green Hill section (lines M5, M6, and M7) comprises a Iow and 

short (420  m) bluff formed in cIay facies with a steep bIuff top dope. The bIufYwas 

vegetated in 1992 but the eroding face was observed to grow in both height and Ieugth 

between 1997 and 1999, from approximately 1.5 m high and 30 m Iong to 5.5 m high and 

120 rn long. Most retreat at M6 occurred during the wuiter of 1997/98 (1.65 rn at 4.15 

m/a) as a sand lem 0.8 m above the b I a  toe eroded. The process of retreat was sunilar 

to that desmied at M2: the sand Iens accurndated water as ice during a period of Iow 

temperatures and when temperatures rose water content reached 35%, shear strength 

dropped to zero, and rapid retreat occurred A coiiwiai wedge that deveIoped at the bIuff 

toe foilowing coiIapse of the bIuffedge above the eroded sand Iens pksted through the 



winter of 1998/99. M7 showed a smiiIar pattern of initially rapid retreat during the 

winter of 1997/98 folIowed by slowing as the elevation of the pebbly grave1 foreshore 

hcreased by about 025 m and the beach crest elevation (at the bIuf!f toe) increased 

approximately 0.15 rn (Figure 2.8). Sigrrincant mas of the till foreshore were exposed 

between M5 and M6 during the winter of 1997/98 but were covered similar to M7, as 

0.25 rn of pebbly grave1 was added to the lower beachface in November f 998 and 

remained through the winter of 1998f99. BluFf face erosion measurements at M5+5 and 

b l aedge  retreat measurements at M5 both show a significant decrease in erosion From 

1997/98 to 1998/99 (Table 3.1). 

To summarize, the Green Hill section (M5, M6, M7) is a rapidly reheating site 

with a Iow bluff fomed in clay facies with sparse protecting beach sediment. The bluff 

top is steep with active seepage. The bluff has recently been reactivated and retreat and 

erosion occurred nutidly tapidly over the winter of 1997 and 1998 but have since slowed. 

Erosion of a saturated sand Iens in the bluff in L997 may have contributed to rapid retreat 

then, and the beach also prograded and increased in elevation during the monitoring 

period redting ni slower retreat in 1998 and 1999. Exposures oftill in the foreshore 

were buried by beach development in 1998. The section is strongiy drÏfi-aligned. 

3.23 West Gut Section 

The West Gut section (Iines Mg, Mg, and MIO) is characterised by gently sIoping 

high bI& dong a dnmilin flank. A weII-deveIoped strongiy drift-aligned pebble cobble 

beach is stranded (Le. m continuous contact with the biufTtoe with no intemenhg 

lagoon) reachmg elevations of appmÜmateIy 3 m (Figure 3.1) where terraces fom a 

beach mst seaward of the bluff toe. BI&s are comprised of cIay facies overiain by a 



0.4- 1 -3 rn thickness of sandy facies. Bluff faces at M9 and M 1 O are partidly vegetated, 

wet, and subject to sandy fhidized ffows which frequentiy reach the upper beach terrace. 

A flow channel with levees is weil developed at M l 0  where winter ice collects in the 

channel. M8 is similar to Lines at the Green Hill section and is unvegetated steep and 

comprised predominantly of clay facies but has lower retreat rates and a much higher 

fkonting beach. Retreat rates are low at M8, M9 aud Mt0 and did not change 

àgnificantly over the monitoring period (Table 3.1). 

In summary, the bIuFfat the West Gut section is gentiy sloping and formed in clay 

facies overiain by up to L .3 m of sandy facies. Sandy Buidized Bows travel d o m  

channels and deposit sediment on a Iocally well-developed beach terrace. Even where the 

terrace is not developed the beach is hi&. Bluffs are partially vegetated and retreat 

slowly though a wave-cut scarp is observed in colluvium at the beach terrace. 

3.2.4 East Gut Section 

The East Gut section (L4 and LS), across Drake's Gut Crom the West Gut section, 

is characterked by a Ioog, Iow bIuff predominantiy in the clay facies wiîh a 140 m section 

of stony facies to the southeast. The sandy facies may be present overlying the clay 

facies in thicknesses up to 0.5 rn grading lateraiiy to maIl lenses of stony facies. The 

blun face at L4 is steep with a gentie bluff-top dope. A 2 m Iong and 1.5 m deep s lmp  

occurred in the sandy facies at the bluff top just prior to March 29,1998 cesuithg in a 

wedge of low strength colIuvium on the upper beach which was mostly eroded during the 

*ter of 1998/99. The fdure has continned to propagate laterally and landwards. The 

cobbre grave1 beach at L4 is reiatively high and periodicdy has a short-lived terrace. 

The outer bouIder b e  has common n m w  shore-pardel gaps between the beachface 



and the top of the boulder fhme which expose till in the foreshore. Three micro-erosion 

meter stations were installed in these gaps, however, as at the Green HilI section, results 

are lunited by innIling of sand, pebbles and cobbles after November, 19%. A bluff 

erosion monitoring station was dso instalied at L4 but was moved 40 m southeast to 

L4+40 following slumping at L4. The bluffat the monitoring station is similar to L4; it 

is low, steep, planar, fonned in clay facies overlain by 0.2 m O € sandy facies, and contains 

thin beds of I e a t e d  silt- 

The blufTat L5 is modentely steeply sloping, of intermediate height and formed 

in the stony facies. n i e  clay facies likely foms the foreshore substrate but is not visibIe 

beneath a high drift-aligned pebble cobble beach with a well-developed outer boulder 

b e .  Boulders are comrnon on the bluff face. Retreat occurs slowly in the stony facies 

through face-parallel slipping and by toppling of individual boulders. 

To sumrnarize, the bIuffat L4 is Iow, rapidly retreating and composed of clay 

facies. Exposures of till are cornmon in the foreshore although hed i a t e ly  in h n t  of 

the bluffa high grave1 terrace cm develop. SimiIar to the Green Hill section, sand and 

grave1 partially infilIed foreshore gaps in L 998. A typica1 failtue in the sandy facies 

occuned in March 1998 near L4+40. The bluffat L5 is composed of stony facies, has a 

weE-developed beach with a permanent terrace and is slowly retreating. The section is 

strongly drift-aligned with a weli-developed outer boulder m e .  

3.2.5 Lawlor Poht Secti'ott 

The LawIor Point section (LI, U, and L3) is a nmow erodmg promontory with a 

rounded headland consi*sîing of a bIuff Ui clay facies overlah by 1 .O to L -5 m of sandy 

facies. The bIufftop dope is gentie with a 0.3 m scarp between 20 and 30 m Iandward of 



the current bIuff edge. The b Iuffpronle is convex becoming steep at the blufftoe. The 

upper bluff is partialIy covered by grassy vegetation. Ws are present and focus mal1 

debris flows to the moderateIy high beach. A boulder h e  is weii developed seaward of 

the gravei beach and an extensive lag covered-shore platform extends south ofthis. 

3.2.6 Doyle Point Seciin 

The bluffat Doyle Point (ML 1, M 12 and MU) is morphologicaly variable. M 1 L 

and ML2 are Iocated at a 75 m long vegetated deep-seated rotational slump block that 

fonned d e r  1945. Severai smaIIer stacked rotational s lmps  are Iocated southeast of 

ML 1 and fom the bluff at the West side of Doyle Point. Retreat rates are highest at M1 1 

due to continuing slumping of the 1 .L m sandy facies in the most Iandward scarp since 

July 19%. A shdlow flow originating at the dope break of a wave-cut scarp in the clay 

facies 12 rn northeast of M 1 1 was Iikely triggered by a 76.6 mm precipitation event on 

July 1 1, 1998, as no high winds or waves are recorded at this M i e  and beach height was 

at a maximum with a weII-deveIoped, approximateiy 3.2 m high, seasonai, cobble tenace 

fkonting the wave-cut scarp. FoIlowing this failure, sub-pardei tension cracks 

propagated 30 rn southwest past Ml L towards ML2 dong the sIump block. These 

contùiued to widen durhg the wbter of 1998/99 and were infifled with muddy sand 

eroded fkom the Iandward scarp at MI I . The tension cracks appear to have migrated 

approxihately 0 5  rn seaward with the slump bIock, whiie the surface of the slump block 

increased in elevation up to 1-25 m due to deposition of material kom the Iandward 

migrahg scarp at MI 1. The same process was observed at ML2 where 0.5 rn of 

deposition occurred durÏng the winter of 1998/99. While it is normal for slow movement 

to occur dong existing rotationai failure planes and tension cracks in deep-seated Faimes 



in coastd bluffs, this is theoreticaily accompanied by l o w e ~ g  ofthe sIurnp block surface 

(e-g. Terzaghi, 1943; Richards and Lonknan, 1987). The long-term movement of the 

slump block at MI I and M l 2  probably follows this model, howevm the short-term 

evolution of the dope rnay be characterised by episodic deposition causing loading of the 

slump block and episodic movement dong failure planes. Pondhg of runoff on the 

surface of the block aIso likely contniutes to the episodic nature ofrotational failure as 

shear strength dong fidure planes and tension cracks is reduced; flow of water d o m  

tension cracks is observed at ML2. Flowing water redistniutes matenal over the surface 

of the slump block contniuting to deposition at M12, despite slow retreat at this line. 

MI 3 is different fiom both MI 1 and M 12 and is a convex, unvegetated bluff 

becoming steeper at the blufftoe. Despite its apparently exposed location little retreat 

ocnirred at this h e  duruig the monitoring period. A shore pliidorni with retidual 

bouider £kame to the immediate southwest causes cefiaction and dissipation of incident 

waves (Figure 3.3) and rnay o f f i  this site some protection during stoms. Beach 

elevation is ody moderate at this site and the bluff is high. The bluff top dope is gentle 

witho ut tension cracks. 

in summary, the Doyle Pomt section (MI 1, M12, M13) is predominantly swash- 

aligned with a well-developed beach. The bIuffis formed in clay facies mantIed by up to 

approxhately 1.5 rn ofsandy facies. At MI 1 and M12, a vegetated rotational siump 

bIock is present. A precipitation event in July 1998 caused a failtire to the northeast of 

Ml 1 and tension cracks formed m the slump block and propagated southwest towards 

M12. Lubrkation of faiIure planes by water is IikeIy important @en the relationship of 
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Figure 3.3 Large scale map of southeni McNab's Island and Lawlor Island 
showing water content, b1ufFface erosion, and micro-erosion rneter (MEM) 
stations, Aiso shown are the refraction of nearsfiore waves fiom 1997 air 
photos. Deep water waves are from the south with peak period of 10.5 s and 
a signifiernt height of 2.1 m. Stations are named according to their distance 
fkom the nearest survey line. For example, M5+5 is -5 rnetres towards M6 
fkom M5, and M15A-25 is -25 m towards MI4  nom M15k 



tiII shear strength to water content and loading of the block by sediment delivered by 

retreat of the Iandward scarp may cause episodic movement. ML3 is a hi&, steep, slowly 

retreating bluffwith a Iow fionthg beach but well-developed shore platform. 

3.2.7 Big ïihnrnicap Sedon 

The Big Thnuncap section C O ~ ~ S ~ S  of three Lines (M 14, ML 5A, and M 15B) at a 

well-defined remnant dnmilin headland. hotiles were coilected ody at ML4 as bluffs at 

MISA and B are too steep and high. Approximateiy 30 rn long rotational slump blocks 

subject to wave attack are present between M 14 and M 1 SA and also at M 15A. A drift- 

divide (Carter et al., I WOb) which occurs between M 14 and M 15A is characterised by a 

high beach consisting of a boulder h e  (b-axis I 1.5 m) 1-2 clasts thick to the bluff toe 

with Iinie interstitial pebbles or cobbles. Beach height decreases toward M l 4  and MLSA, 

and then increases away fiorn the headland (Figure 3.1 ). 

Ml 4 Ïs a rapidly retreating east-facing Iow bluffwiih a steep bluff-top dope w*th 

common tension cracks. A boulder h e  is absent at the bIuff toe and dso in places near 

the low tide iine; till is commonly exposed but may be covered b y an ephemeral thin 

sandy grave1 beach. Foreshore erosion is evidenced by htnnmocky topognphy (up to 0.3 

m reüef) in exposed till in the foreshore and by an oblique, Iaterally migrating, 0.5 rn high 

scarp in the camp at the bluff toe (Figure 3.4). Oblique foreshore scarps are also observed 

at M4 and MISA but are protected by the bouIder h m e  at these locations and do not 

rapidy migrate. At Ml4  the scarp developed in February 1998 originally as a 0.8 rn wide 

and 0.3 m deep crescdc gnvet-Wed hoLIow m the m p  which grew and migrated 

approximateIy 30 m northeast before the scarp was nnoothed and destroyed by wave 

actMty in March 1999. Approxbatey 0 5  m of almost instantaneous vdcd erosion 



pue 3.4 Feaîures fomed iu till fofeshores. (Top) Obiique foreshore s c q  ne 
.4. The bodder m the Ieft foregrornid is approxhatey O m h e t L  (Botto~ 
xe-paralIel gaps between the fower beachface and the top of the bodder h e  
MO. The= shown Înmeasmement position, is 24 cm indiameter. 



occurred as this feature migrated dowudrift removing the ramp and h e d  a high angle 

junction between the foreshore and bluff toe. 

Failures at ML 4 usuaily were mail where intact turf and tiii toppIe Eom the b Iuff 

edge, aithough they dso occurred as slumps over longer Iengths of the bluff. One 

example occurred aiong a 5 m Iength of bluff d e r  a precipitation event of 6 1.1 mm on 

October L 1,1998, coincident with mean daily whd speeds of 30 km/h, and removed 0.3 

rn of till from the blufT face and edge (Figure 3.5). Another example occurred on March 

16,1999 when average daily winds of 34 krnfh following precipitation of 42.8 mm on 

March 15 resulted in compIex slumping aiong 30 m of bluffedge and local Iosses of 

approximately 0.5 rn of tiII nom the bluff face. Deep waier wave heights on March 16 

reached a maximum of 6.4 m. 

In contrast to M 14, M l  SA and B are southwest facing, high and have gentle bluff 

top dopes with no tension cracks. Retreat rates are Iower at MISA and B. A prominent 

cobble and bodder Iag-covered shore plaform extends southwest o f d  three lines but is 

best digned for dissipitation of wave energy at MI SA- FolIowing the breaching and 

washover of an extensive single-crested b&er pro tecting the southwest face and Bank of 

the drumiin in 1945 (see also Figures 4.X-n), Big Thnuncap evolved Eom a smail 

neede-üke promontory to a rounded headiand (Chapter 5). The position of the shore 

pIatfonn marks the former location ofthe promontory and dso where Thrumcap Hook 

was anchored to the flank of the dnmrh  at MISA. Bodders are common near these 

hes .  The beach fiontmg MISA and B is drift-aligned with a botdder fhme that reaches 

the bItûFtoe. The fhme has more interstitiai grave1 and cobbles than at MI4 but exposed 

till is common below bodders. Amoured mud b d s  (cf: Pringie, 1985), rotmded b d s  of 



Figure 3.5 Typical fdtrres in drrmilin bInffs* (Top) Fdure m the sandy facies near 
L4+40. The hammer handie on the co11uvium (circIed) is 0.25 m long. (MiddIe) The 
October 11,1998 slump at M I 4  The width of the collwirmi is approximately 8 m. 
(Bottom) The Febniary 3, 1999 slump near MISB (dashed outline). The bIaffis 
appmximateLy 1 O rn hÏgh- Note seepage above sIump bIock at Ml 5A- 



till with a covaing of pebbles, are often present on the foreshore of this section 

foiIowing stomis and are interpreted as  rip-up clasts nom the foreshore. 

Retreat at M15A and B occurs through mail topptes of cobble- and bodder-rich 

materiai which may land on the three slump blocks present and be subsequently 

incorporated into flows d o m  the ades and wave-cut scarp of the s1u.p blocks. Blocks 

are in various stages of erotion; one northwest of MlSB and one southeast of MISA have 

relatively high terraces, while the one chectly below Ml 5A is Iow and narrow, and 

appears to be in an erosional stage. 

One large failure that occurred was a slump onginating over a 1 rn length beiow 

the bluffedge below M15B on February 3 or 4, 1999 following precipitation of 2 1.6 mm, 

mean daily wind speed of 29 kdh, and maximum daily wave height of 5.1 m. This 

failure also occurred after warming to 5 "C after 9 days of below zero mean daily 

Erosion and till water content were monitored at two stations on Big Thnuncap: at 

Ml 4+ L and n e z  the drift-divide at M 15A-25. Ti11 water contents are higher at M 14 and 

shear strength therefore lower, erosion is greater at M l4+l and peaks at different h e s  

thm M 1 SA-25. 

To summarize, Big Thnimcap is an actively eroduig dnunllli composed ofclay 

facies comected to McNab's Island by D m ' s  Beach. The section compn'ses lines M14, 

M15A and M15B. The b l a a t  MI4 is steep, Iow, has a steep blufftop dope with tenaon 

cracks and is rapidIy retreating. LittIe beach sedunent is pment and exposed tiII is 

common m the foreshore An obiique foreshore scarp migrated dowudrift during the 

winter of I998/99 and caused approximately 0.5 m of foreshore Iowering. Smaii faittres 



from the bluffedge are comrnon and occasionai large slumps may also occur, for example 

during stoms on October L 1,1998 and March 16,1999. The blu£Fat M15A and B is, in 

contrast to MI4, steep and high with a gentle bluff top dope and is slowly retreating. The 

boulder frame is well-developed over the till foreshore at MISA and B. Severai slump 

blocks in various stages of erosion are present at the bluff toe. Large slumps cm occur at 

MIS%, for example, during a thaw coincident with a moderate storm and precipitation in 

Febniary, 1999. A drift divide occurs between M l 4  and M 15A; both sites are drift- 

aligned. 

3.2.8 Fott McNib f und Strawbey Hill Sections 

RTK-GPS surveying was unsuccessful in collecting beach and bluffelevations at 

the Fort McNabis section (M 17) and the Strawberry HiII section (Ml 8 and M19). Both of 

these sections are relatively stable, have high steep bl& in clay facies overlain by 0.6 to 

1.3 m of sandy facies, except M 1 8 which periodically has a 2 m section of HartIen Till 

exposed in the blufftoe. The presence of Hartien Till is assumed at Ml7 but is thought to 

be buried by slump and flow deposits of the overlying Lawrencetown Till cIay facies. 

Where it is exposeci, blufi have complex dopes with a steep toe and more gentty sIoping 

upper bluffwith the dope break occluring near the Lawrencetown-Hartien contact. The 

Haalen Till may lend stability to bluffs because its higher shear strength at naturd water 

contents (Table 2.4) renders it less susceptibIe to Dow and toe erosion rnay be slowed. 

The presence of Hartien Ti rnay dso reduce the depth of propagation of rotationai 

fdure pIanes. 



3.2.9 Grave1 Barn*&- Beaches 

Drumhs in the study area trend almost parallel to the dominant wind, wave and 

drift directions which produces strong morphodynamic structure in the study area This 

structure occurs in the form of morphodynafaic process cells approximately identified as 

lengths of shore1ine between maxima in angles of wave breakhg (Figure 3.1). CeIIs can 

be drift- or swash-aligned and tend to fom embayrnents between eroding bluffs. Wave 

breaking angle is the angle between an incident wave ray and a perpendicular to the shore 

as measured from vertical airphotos, so that a wave breaking angle of 90" corresponds to 

shore-normal breaking and swash-alignment. Angles greater or less than 90' indicate 

drift-aliment and longshore sediment transport potentid as waves approach from an 

observer's right or left respectively. 

Wave breakuig angle shows asymmetry in some cells where shore-normal wave 

approach is usuaily at the down-drift end of a drift-aligned cell, but this pattern is not weii 

shown at the strongiy drift-digned West Gut and Green Hill sections where wave angle 

increases domdrift (Figure 3.1). The pattern of wave breaking angIe is dependant upon 

the deep water wave direction which affects refraction and reflection of shoaling waves 

by submarine topography. Under different wave conditions wave breaking angle varies 

resulting in oniy moderate agreement between wave breaking angle and beach height. 

Doyle Point consists of a series of small cens controlled primarily by the presence of 

shore platfioms which rehct waves. Shore-normal approach, where shgIe-crested 

grave1 barriers are wen-developed, tends to coincide with maximum beach heights and 

loose, open fhmework overtop deposits. Minimum beach heights occur at Iow points on 



the shorehe where the blufftoe and maximum beach elevation are coincident (te. there 

is no mtervening beach terrace or crest). 

Two single-crested high gravel barrier beac hes are identified on Figure 3.1, Green 

Hill Cove Beach and D m ' s  Beach. Green Hill Cove Beach is a drift-aiïgned sandy 

gravel b k e r  spit that forrned between 1966 and 1982 enclosing a lagoon. A second 

landward barrier that formed prior to 1867 (Rowe, 1867) encloses a second b e r  boggy 

lagoon. The outer barrier is subject to overwash at a breach that tormed during the 

Febmary 25,1998 storm, exposing turf Ui the channel tloor. A sandy washover lobe 

prograded into the back-barrier Iagoon during overwash, and the breach was completely 

innlled with sandy grave[ by November 1998 and did not overwash in the winter of 

1998/99. A flat cobble fiame with innlled sand and gravel is observed seaward of the 

washover breach. D m ' s  Beach is swash-aligneci, hi& cobble-boulder barrier subject to 

overtopping which deposits Ioosely packed cobbles at the beach crest. The beach has 

comected Big Thnuncap to McNab's Island since before 1759, dthough it has gradudly 

migrated Iandward keeping pace with retreat of Big 'îhrumcap. Cobbles are most angular 

rrpdnft to the southwest toward Big Thnmicap. The beachface is steep and beach cusps 

up to 2 m in wavelength commonly deveIop. An imbrkate we11-sorted bodder M e  is 

present high on the beachface. 

In sumrnary, gravel beaches are divided into shore-paralle[ zones consisting of a 

seaward outer boulder fhme and a Iandward gravei-sorting zone. Clasts in the graveC 

sorthg zone are mobiIe and subject to longshore movement m drift-aligned areas and 

onshore movement in swash-aligned areas. During stoms, in particuiar those with 

eievated water IeveIs such as occmed on February 25,1998, barriers may breach and 



overwash (e-g. Green HiIl Beach). Oashore movement of sediment through the breach 

may form washover Lobes in back-banfer Iagoous. During faUweather conditions, 

onshore movement results in the formation of overtop deposits (e.g. Dunn's Beach). 

3.3 Sub-AnnuaI Forcing of Bluff Erosion 

While the preceding section focused on the geographic and morphodynamic 

variability of annual retreat, this section is concemed with sub-annuai temporal variability 

of several different parameters at a Iimited number of sites. Results of monitoring 

erosion, shear strength, water content, precipitation, wuid speed, wave height, and water 

Ievel are presented. 

Figure 3.6 shows intemal and extemai water contents of the four monitoring 

stations and precipitation measured over the monitoring period. Correlation is generally 

good between the extemd water contents of the four monitoring stations and these relate 

reasonably weii to precipitation events. Correlation of interna1 water contents is, 

however, less apparent. A generai trend towards inmashg internai water content during 

the winter foliows the m u a i  precipitation trmd suggesting that while individual 

precipitation events may not be important Ui increasuig water content and decreasing 

shear strength, the fkquency of pnor precipitation events may be important in pre- 

conditioning the cIay facies to wave attack and erosion. 

Fi- 3.7 shows precipitation, wind speed, wave height, and water level 

measured adjacent to the snidy area, and erosion rate and shear strength measured at each 

monitoring station durhg the monitoring period. Whereas wind speed and wave height 

correlate well, not a.U whd events pmduce wave events and not aiI wave events require 



study day 

Figure 3.6 Cornparisons of  precipitation and extemai (dashed) 
and internai (solid) water contents measured at each monitoring 
station nom November 1997 to May 1999. The dark h e  on the 
precipitation graph indicates the 5 day runn.Ïng mean. 



Figure 3.7. 

sludy day rtudy day 

A. Cornparisons of bluff face erosioii rate, till shear sirength, precipitation, mean daily wind speed, 
maximum daily significant wava height, and maximum daily water level for monitoring station M14+1 Rom November 
1997 to May 1999. Dark lines on precipitation, wind speed, wave height, and water level plots indicate 5 day wnning 
means. B. As in A but for monitoring station M 1 SA-25. 





IocalIy high winds. L o d  large wave events are produced most effectively by 

southwesterly to southeasterly winds but sweii may aIso be produced by distant storms 

that do not coincide with Iocd wind events. When wind and wave events coincide high 

measured water Ievels (Le. storm surges) also tend to occur. These appear to be more 

related to wave events rather than local winds suggesting a possible influence of wave 

setup due to distant stonns. Recipitation may or may not coincide with wind events and 

magnitudes mely correlate. In the €oUowing treatment surge events are considered to 

occur when maximum daily water Ievels are p a t e r  than the 5 day m i n g  mean which at 

times of Iow winds appears to resemb le the predicted tide level, or when the 5 day 

running mean appears exceptionally high. Eroaon and shear strength rneasurements in 

Figure 3.5 are s h o w  on the date of meamernent at the end of the measurement period. 

in the winter of I997/98 erosion peaked at MM+ 1 and M L SA-25 €oIlowing 3 

closely spaced wave events in mid to Iate January. One of these (Ianuary 2 1)  was 

accompanied by wind and precipitation, and one (January 29) was accompanied by high 

water IeveIs. Prior to the erosion maximum, shear strength had been at a minimum. 

MISA-25 a h  showed a secondary peak in erosion rate foIIowing a single event on 

February 25, 1998 when a IocaI wind event coinciding wÏth moderate precipitation 

produced significant wave and singe events. Station M5-5 experienced maximum 

1997/98 retrpat rate foUowing this stom. Shear strength at MI5A-25 was relativeIy Iow 

for this station pnor to this stom and at M5-5 was very iow. Shear strength at M14+l 

was at a relatively high vaiue and erosion rate did not peak drrrllig this storm. Erosion at 

L W  peaked prior to thk event in apparent response to a minor wind, wave and 

precipitation event on February 19. This storm dso breached the outer barri= at Green 



HiIl Cove, cawhg overwash that damaged trees on the Lnner barrier and formed a sandy 

washover lobe that prograded into the outer lagoon. 

Foreshore erosion measurements at L4+40 recorded no erosion caused by d e r  

stoms due to infilling of stations by mobile sediment, and wave height data are not 

available for the measurement period. Some correlation is shown however, wind events 

between May 1998 and November 1998 appear to correspond to peaks in the foreshore 

erosion rate whiIe seasonal minimum water level coincides with the minimum measured 

erosion rate. 

In the winter of l998/99 erosion rate peaked at M5+5, M I4+ I and M 15A-25 

foilowing 3 closely occming wave events in early to mid-January which correlate with 

moderate wind events and low shear strength measurements but neither high water levels 

nor precipitation. These were however the Iargest wuid events since June 1998. Erosion 

at L4+40 showed a minor peak during these events but had a seasonai peak coinciding 

with two wave events in mid-Febniary to early-March and with low shear strength at this 

site. MI SA-25 and M 14+ 1 showed subdued peaks in erosion rate which coincide with 

this period of wave activîty and M5-5 showed increasing erosion rate d e r  these events 

and an increase in shear strength. The previously desmbed failure near M l 4  aiso 

occurred during this time. 

3.4 Discussion 

Table 3.1 and Fi- 3.1 do not show any one morphoIogic or rnorphodynatnk 

characteristic that explains differences in measured retreat rates or observed f~lure  styles. 

NevertheIess, certain characteristics are common between mpidIy retreating bluffs. WhiIe 



there are exceptions (e.g. M2), bluEs with hi& retreat rates tend to be Low with steep 

erodmg faces and bluff top slopes, and are generaily associated with beaches less than 2 

m in elevation. These tend to be formed predominantly of cobbles and bouIders with 

sparse interstitial pebbles and sand in a thin layer over uitermittently exposed till. 

Cavities in exposed till at the bluff toe and foreshore are formed when thin ( ~ 5  cm) Iayers 

of sandy grave1 are present which abrades exposed till. Incident wave energy is 

dissipated by lag-covered shore platforms which protect bluffs (e.g. Lawlor Point 

section), yet, though not shown b y microerosion measurements, erosion of the foreshore 

and ramp presumably strongly contnbute to retreat. AU rapidly retreating sites had 

permanent or intermittent exposures of tiI1 in the nearshore. 

Foreshore erotion has often been considered to occur because an equilibrium 

shoreface profile is maintained by vertical erosion of the foreshore accornpanying 

horizontai bluffretreat (e.g. Davidson-Amon and Ollerhead, 1995). Over time the shape 

of the profile does not change but is translated landward and under rising sea-Ievel, 

upward (Bruun, 1988). The assumptions of the equilibrium profile hypothesis for sandy 

beaches mcIude that underlying geology does not play a role in the profile shape, and 

sediment movement is not unidirectionai dong or offshore (Pikey et al., I993). Clearly, 

in drift-aligned cens or where shore platforms are present because of antecedent dnimlin 

morphology, the equiliirium hypothesis does not apply. This is especidy tnie over 

decadai time scales when morphodynamic feedback between beaches, bluffç, and retreat 

forcing mechanisms cm cause rapid shoreiine changes not predicted by the equili3rium 

pmfÏIe hypothesis. Verticai Iowering of the foreshore does not occur to maintain an 

epuilibnum profiIe but, rather, is simpIy a consequence of the assailing force pmduced by 



wave activity. Wave activity removes debris fiom the bluff toe and Iowers protective 

cohesive foreshores, both of which, in a positive kedback loop, ailow increased attack of 

the blufftoe by €ollowing incident waves. 

Foreshore erosion occurs despite the presence of boulder m e s  and shore 

platfiomis which dissipate wave energy. Shore-parallel gaps in the boulder frame (e-g. 

L4+40, MS+5, M14+1) indicate sepration of the gravel-sorting zone corn the less 

mobile boulder W e  (see Figure 1.2). Separation may occur as thin, Iow, stranded 

beaches migrate landward in contact with the eroding bluff toe or are destroyed and 

dispersed downdnft. The less mobile m e  is left behind and the shore paraIlel gap 

forms between the upper part of the fnme and the toe of the remaining beach. In an 

extreme example O F foreshore exposure promo ting b Iuff retreat, airp ho tos indicate that a 

beach prism fionting the blufftoe at the Green Hill section that was completely destroyed 

between 1992 and 1997 and resulted in reactivation of the previously vegetated bluff. 

HLrrricane Hortense, in September L 996, is a possible candidate for destroying the beach 

at this site and exposing the cohesive foreshore to direct wave attack but it is unclear 

whether severai s t o m  are required for the destruction of stranded drift-aligned grave1 

beaches. As evidenced by al1 rapidy retreating bluffs having exposed till foreshores, 

development of till exposures is conducive to foreshore erosion and results in increased 

rates of Iowering that may affect retreat over longer than annual and sub-annual h e  

scdes. 

Cornparisons of cumulative bluff-face erosion and cumdative bluff-edge retreat at 

stations and adjacent lines over the monitoring period show that they are not equaI, 

hdicating a change in the bIuffpronIe (Table 3.1). Aithough monitoring stations are not 



Iocated exactty at h e s  and bIuff face erosion is mderestimated due to ioss of rods during 

stom events (section 2.2), profiles c o h  that M5, M l 4  and L4 have become Iess steep 

(Figure 2.8). Bluff profiles may show small-scale cyclic instability between steep and 

gentle stopes (e.g. Hutchson, 1973) or large-scate, long-term cyclicity (Quigiey et al., 

1977). As the bluff edge retreats, colIuvium is deposited at the bluff toe and is 

subsequently removed by wave activity exposing the toe to wave aîtack and promoting 

oversteepening and subsequent fiIure at the bluff edge. In the study area, because of 

high wave energy and the low shear strength of remotded Lawrencetown Ti11 with 

increashg water content, colluvium deposited at the toe of rapidly eroding btuffis rarely 

survives al1 winter stoms and likely does not contribute significantly to toe protection. 

Lf, however, boulders are present in the colluvium, or if the cotluvium is deposited high 

on a beach terrace, suitably-sized sediment may be incorporated into the grave[ sorting 

zone or bodder M e .  Given the generally low percentage of beach-forming sediment in 

the cIay facies (average 17% wlw >2 mm) and the strong longshore currents that develop 

in morphodynamic ceIIs, sediment deIivered by bluff retreat does not usualty remah 

protecting the blufTtoe over longer than sub-annual tirne scdes. The coIIuvium at more 

siowiy eroding b IuDFs is not rapidly removed and rnay persist, providing Ionger term toe 

protection. 

Environmentai parameters that appear miportant in contriiuting to sub-mual 

bluff face erosion rates in the study area are those that coincide with storms: high winds, 

waves, and surges. SeasonaI erosion maxima (Figure 3.7) comcide most ofien with wave 

events and coincident eIevated water leveIs. When Iocd high winds generate high waves 

and a stom surge develops (e-g- February 25,1998) severe erosion c m  occur r e g d e s s  



of b1uEshea.r strength. When events are Iesser, showing no comcidence of high water 

ievels and high local winds (e.g. three wave events in January 1999) low blashear  

strength may contribute to seasonal erosion maxima Storm surges aiso contniute to 

changes in beach morphology. On Febniary 25,1998 the barrier at Green Hi11 Cove 

breached and overwashed. The combination of high waves and setup and elevated back- 

barrier lagoon water levels due to storm surges may increase pore pressures within the 

beac h and render it unstable. 

Cohesive bluffs initially erode quickly as the outer weathered skin is removed at 

the beginning of a stom (Amin and Davidson-Arnott, 1 995) and then more slowly as the 

unweathered intemal material is attacked. Long intervals between stoms may pre- 

condition bIuffs to erosion by allowing deeper penetration of weathering, reduction of the 

resisting force, and erosion by relatively small aorms. 

Conditionhg of bluffs to retreat on annual or longer scdes is evidenced at the 

Green Hill section and at M14, where bluffs have been vegetated and inactive between 

1982 and 1997. Vegetation visible on airphotos indicates gently slophg bluff faces not 

subject to significant transIationa1 failure and wave attack. It is thought that hiatuses in 

wave attack aiiow bluffs to become stabIe but prone to sub-aerial processes. Precipitation 

and accumulation of groundwater r e d t  m increases Ui water content and the 

development of mail-scaie slumps and tension cracks, as observed on the steep bluff top 

stopes at Ml4 and M5. Upon re-initiation of wave attack, the bluffis of high water 

content, has bluff face parallei zones of weakness at tension cracks, and therefore initidly 

is proue to rapid meat.  Retreat rate rnay decrease as unweathered matmenai is attacked, 

dthough littIe is known about rates of tiII sofienbg and water content and shear strength 



gradients with depth in the Lawrencetown Till. Tension cracks and Fdure planes aiiow 

penehation of water IikeIy deep into the unweathered and relatively impermeable tiII and 

rnay be of great importance in the development of deep-seated rotational failtues. 

The presence of vegetation rnay contniute to either bluffstabiiity or instability. 

Vegetation contributes to stability through the development of root systems, and 

interception of precipitation and reduction of water content due to evapotranspiration. 

Conversely, vegetation increases the mass of a siope and is subject to wind shear stress. 

both of which prornote railure (Greenway, 1987). Root systems aiso increase the depth of 

weathering and may assist in transporting water deep into the till. in the McNab's Island 

area slowly retreating bluffs are at least partiaiiy vegetated, usually by grasses or midl 

trees, suggesting that the dominant effiect of vegetation is stabilization but these slopes 

may be vegetated because they are slowly retreating for other reasons and vegetation can 

be supported. 

Failures onginating at the bluff edge appear to be caused by elevated water 

contents resulting from precipitation (e.g. M 14, MI 1) and are influenced by temperature 

and stratigraphy (e.g. M2, L4). Groundwater accumulates in permeab le strata during 

intervals of beiow-fkeezing temperatures and may contniute to short-term stability. 

Upon rnelthg, however, water content greatiy increases, shear strength decreases and, 

mder the influence of gravity, failure occurs. Wave activity plays an important role in 

removing support and promoting gravitathna1 failure, but, at the bluffedge, this is an 

indirect effect. The indirect impacts of wave attack were observed at lines M9 and M10, 

where wave activity durhg strong storm events cuts a Iow (03-0.5 m) scarp and the 

shaiiow sloping but very Iow shear strength sandy coDuviun1 fl owed in response to Ioss 



of toe support. Loss of toe support also contriïuted to the failure at MISB in Febmary, 

1999, 

At the bluff toe erosion occurs directly due to wave activity. The amount of 

erosion that occurs is detemiined by both the wave energy (assaihg force) and till shear 

strength (resisting force). As previously discussed, till shear strength is determined by 

water content. During storms both precipitation and sea spray increase water content 

while at the same time wave energy increases; the assailing force and the resisting force 

therefore share an inverse relationship promoting erosion during storms. 

The shear strength of tiII in the foreshore is, at natural water contents, Iower than 

that oPbluffs (Table 2.2). Erosion occun due to shear stress under unbroken waves and 

the much stronger compressive force of breakhg waves in the intertidal zone (Sunamura, 

1992). Abrasion due to sand and fine grave1 may greatly increase the effectiveness of the 

assaihg force; small amotmts of sand and fine grave1 are present in cavities in the ramp 

and foreshore at MI4. Foreshores in Lawrencetown Till have a mean shear strength of 

approximately 60 kPa, orders of magnitude higher than values of critical shear stress (the 

incident shear stress above which erosion occurs) which inchde the abrasive effect of 

sediment reported for Lake Erie tills (9 Pa) (Skdet and Bishop, 1994) and estuarine muds 

(1.5 Pa) (DeVries, 1992). Abrasion by mobile sediment may be a critical process in 

controIIing foreshore erosion. Abrasion was not well measured on McNab's and LawIor 

IsIands where, in an attempt to E t  bmîaI of stations, micro-erosion meter stations were 

pIaced in Iower energy areas where sediment mobility was thought to be Iow. 

The effect of tidd cycies on water content and shear strength of foreshore till 

exposures is mclear. Duration of submergeme LlkeIy plays an important d e  in 



determinhg the shear strengtti of till foreshores, and intervais between stoms may aIso 

be important in controllhg the erosion that occurs. Further information is required on the 

rate of water content hcrease with submergence of the Lawrencetown TiII clay facies, 

and the variability of water content across tili foreshores. Extemal shear strength of till 

exposed in foreshores in the study area is of Iow temporal variability, suggehg  

foreshore erosion Iikely varies due to variability of the assailing force. 

The relative importance of the assaihg and resisting force changes over the bluff 

profile. Bluffs expenence bluffedge retreat rnainly in response to decreasing resisting 

force. SIowly eroduig bl&s have beaches at the blufftoe which reduce the assailing 

Force over the foreshore and at the bluff toe. Retreat of slowly retreating bluffs is 

therefore m a d y  due to decreases in the resisting force with lesser indirect contniution 

from the assaihg force durùig paaicularly strong storm events accompanied by waves, 

suggesting that under stable sea-IeveI and invariant storm clhate, a shdow, stable dope 

wodd result. The situation becomes more complex at the bluff toe, where storms push 

the dynamic equil3riurn between the resisting and assailing forces towards erosion b y 

both decreasing the resisting force and increasing the assaihg force. Ti11 foreshores rnay 

experience erosion m d y  ùi response to increasing assaihg force. Due to submergence. 

the resisting force is low and of possibIy Iow variability. The assailing force under 

broken waves ui the presence of sand and grave1 is high, and may be of greater relative 

importance in controhg the rate of foreshore erosion. 



3.5 ConcIusions 

1) Environmental parameters contributhg signincantiy to retreat and erosion of 

bluffS are high waves, water Ievels, winds, and precipitation which occur during storms. 

WhiIe waves or precipitation can aione cause local retreat, widespread retreat is caused by 

coincidence of al1 of the previously mentioned parameters and is of especiaily high 

magnitude when accompanied by warming Eom below f i e h g  temperatures. 

2) Foreshore lowering is an important process in blaretreat caused by wave 

activity and abrasion by sedùnent with a lesser influence nom variable water content, and 

results in increased wave energy at the blufftoe. Foreshore erosion can occur where the 

equihbrium shoreface hypothesis does not apply. 

3) B IufTis retreat mainly through episodic rotationd failure and flow processes, 

commonly d u h g  winter stoms in February or March. Erosion of the bluff face, toe and 

tilI foreshore are important at rapidly retreating sites and blufferosion correlates well 

with storms. Bluffs with high retreat rates tend to be low with steep bluff Face and bluff 

top slopes and have thin beaches with penodic or permanent exposures of ti1I in the 

nearshore zone. Bluffs with Iow retreat rates tend to be fronted by well-developed 

beaches. 

4) BluEface erosion occurs in response to both hcreasing mailing force and 

decreasing resisting forces dlnmg stoms. The assaihg and resisting forces are not 

independent, due to the dependence of shear strength on water content and the CO- 

occurrence of precipitation and storms. The relative importance of these forces differs 

over the bluff face and foreshore and aIso between rapidly and slowly retreating bluffs. 

SIowIy retreating bluffs experience Iower assaihg force. 



Chapter 4 

DecadalScale Comtd Change: Towards A Sediment Budget 

4.1 Introduction 

The long-tenn evolution of the Eastern Shore has been considered to be controlIed 

by a balance between sediment supply to barrier beaches and the rate of sea-Ievel rise 

whereby, if sediment supply decreases or the rate of sea-Ievel rise increases, barrier 

overwash and destruction cm occw- A new barrier then fonns at a more landward 

location (Boyd et al., 1987; Carter and Orfor& 1988). Although the dominant sediment 

source for the formation of barrier beaches is thought to be eroding dnimlin headlands, 

previous budget caicuiations on the Atlantic Coast of Nova Scotia have indicated an 

abundance of beach sediment in excess of that supplied by druxnlins (Piper, 1980; 

Sonnichsen, 1984) suggesting that sediment is transported landward from an offshore 

source d u ~ g  transgression. Shoreface sands on the Atlantic Coast of Nova Scotia are 

disconnected and concentrated in the vicinity of barrier beaches and rardy extend beIow 

the 20 m isobath (Wang and Piper, 1982; Hall, 1985; Piper et al., 1986; Carter et al. 

1999, suggesting that any present offshore source is local. in the McNab's Island area, 

possibIe sediment sources include eroding dnrmlins, overwashed barrïer beaches, 

remnant eroded dnonIui shoais, and estuarine facies outcropping seaward ofexisting 

barrier beaches. The tide gauge at HaiZax records stepwise relative sea-Ievel n'se since 

1896 at rates between 3 and 40 crn/century (Figure 2.20). 

Sand and grave1 removai h m  Nova Scotia beaches has been shown by Bowen et 

al. (1975) to resuit in increased susceptibility to erosion and overwash. Signincaut beach 



mining in the study area started before 1849, resulting in several instances of 

anthropogenically-induced overwash and barrier beach destruction. 

The purpose of this chapter is to investigate decadai-scale coastai changes in the 

study ma, and to examine the relationship between coastai change under nsing sea level 

and the dispersal of sediment eroded h m  dnmillli bluffs. The various elements of the 

sediment budget will be examuied and interpretations and measurements of histonc 

coastal evolution presented. The roles of sediment delivered from drurnlin bluffs and 

offshore sources in contniuting to coastai stability will be  discussed. 

4.2 Elements of the Sediment Budget 

A simple sediment budget for the study area is presented in Figure 4.1. Sediment 

of mixed grah sizes is produced From several sources. Gravel and coane material are 

delivered to beaches. Mud bypasses the temporaiy beach sink to be deposited directly in 

deep basins, sand is transported to the shoreface sand sheet, and cobbles and bodders 

May ~Itimately reside in Iag deposits. This section M e r  descnies the various sources 

and processes of the sediment budget. 

Bluffs in the study area are described in detail in Section 3.2. The formation of 

bIuffs in dnnnIins by rishg sea level has been considered to proceed initidy quickiy as 

the dnrmlin is fht attacked and provides Iittle protective sediment. Retreat may then 

slow as the bluffgrows in height and Iength and supplies more sediment, and then 

accelerates as bIufFheight and Iength dmiinish tu the low stoss end of the drrrmIin (Boyd 

et ai., 1987). Chapter 3 has shown that, mauily due to conditioning by sub-aerial 

processes, Iow bInffS do retreat quickiy as îhey are h t  sobject to wave attack, yet 
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Figure 4.1 A simple sedimeni budget mode1 for the McNab's Island area. Sediment is delivered to 
different types of  beaches from eroding drunilin bluffs, offshore shoals, and estuarine or lagoonal 
deposits outcropping seaward of existing baniers. Beaches caii act as both sediment sinks and sources, 
and temporarily store sediment prior io it being deposited in more permanent sinks. Mud and coarse 
material may bypass beaches and be deposited directly in deep basins or lag deposits, respectively. 
Beach mining and dredging has been conducted in the study area since at least 1850 and represents a 
significant loss from the sediment budget. 



remnant drurnlins, can, perhaps under special circumstances, be stable (cg. Story Head at 

the eastem entrance to Chezzetcook Met). The spatialiy and temporaily discrete nature 

of sediment suppIy from dnmilin sources rnay controI decadai-scde coastai evoIution of 

dnnnlin shoreIines by providing sediment in local, relatively short-lived pulses. 

Three types of beaches are identined in Figure 4. I : submerged overstepped beach 

foms, emergent beaches subject to overwash (type S2; Forbes et ai., 1995a), and 

emergent beaches not subject to overwash (types S 1 and S2; Forbes et al., L995a). NI of 

these may behave as either sources or sinks for sand and gravel. Most beaches in the 

study area lie on dnunlin Banks down-drift of eroding headlands. These tend not to be 

subject to overwash, are stranded with low accommodation space, drift-aiigned, and 

genedly thin (type D3 of Forbes et al., 1995a). Drift-aligned beaches rnay teminate in 

spits that prograde across embayments, possibly enclosing lagoons. Where spits prograde 

into deep water significant volumes of sedirnent may accumulate. 

in contrat, a mall  number of beaches are, or have been in historîcd tirnes, well- 

developed high gravel or sandy gravel barriers. Examples include Barrie Beach, 

Noonan's Beach, McCo&ckts Beach, Thrumcap Hook, Doyle Beach, Hangman's Beach, 

and Maugher's Beach (Figure 1.1). Gravel barriers usuaIIy have both drift- and swash- 

aligned sections, a high seaward crest, and c m  be divided hto 3 shore-paraIIel zones: an 

outet cobbIe or bodder W e ,  an active zone where clasts are traded between the m e  

and beach face, and a graveI-sorting zone in which retides the beach crest. Barriers of 

type S 1 (Fohes et ai., I995a) are not mbject to overwash and are progradkg (e.g. 

McCormickrs Beach, Maughefs Beach), whiIe barriers of type S2 (cg. Dunn's Beach, 

Hangmants Beach), contaln more graveI, have high open hmework crests and may be 



sIow Iy migrating. Type S3 barriers (e-g. Barrie Beach, Thnuncap Hook) are subject to 

overwash and undergo rapid migration. Ttiese are low and wide and cut by washover 

channels. Barriers subject to overwash tend to lose sediment to landward lagoons or 

progradhg beaches. Sediment rnay also be removed fiom type S3 grave1 barriers subject 

to overwash during overstepping (Forbes et ai., 199 La) aithough the mechanism of 

overstepping and subsequent evolution of the overstepped remnant are unclear. 

Shoreface sands, which in the study area extend seaward fiom the outer cobble- 

boulder frame in approximately 2 m water to depths greater than 10 m are 

morphodyn-cdly closely reIated to beaches in the study area. Sand and grave1 are 

transfmed across coarse-clastic beaches by swash-backwash motions controlled b y 

oblique swash bars (cf: Carter et al., 1 990) present on cirifi-aliped sections (e.g. the West 

Gut section). Storms may cause overwash and the deposition olwashover landward of 

the beach crea or rnay mobiIise sediment offshore to the boulder fiame and shonface 

sand sheet and rnove sand, gravel, and coarse material in the direction of longshore drift. 

DurUig Iess aomy conditions the sediment is retumed to the beach and the =est builds in 

height through overtopping (Carter et ai., I 990). Beac hes, both subaenal and mbrnerged, 

and the shoreface sand sheet act as both sediment sources and sinks and may together 

fom the largest reservoir of active sediment. The distribution and seaward limit of the 

shoreface sand sheet in the study area has not been dehed. 

Relia submerged beach forms preserved seaward of existing barrien during 

transgression have been observed on the Atlantic Coast of Nova Scotia by Forbes et al. 

(1995a) and Barnes and Piper (1978) and rnay represent an additionai source of sand and 

gravel. Conditions promoting presenration of these structures are not weiI understood but 



rnay relate to changes in the rate of sea-level nse or sediment supply (Rampino and 

Sanders, 1980; Forbes et al., 199%; Forbes et al., 199%). The narrow width (Iess than 

100 m) of these features has rneant that they were not welI sampIed by traditional 

sounding techniques and therefore no measmementis are available to detennine rates of 

erosion and theu importance as an alternate offshore source. 

Most large shods in the study area are the submerged remnants of eroded 

dnimlins (e.g. Thnmicap Shoal). They are generally capped by coarse lag deposits and 

may have bedrock outcrops; Cox Comb, for example, is an outcrop of the Halifax 

Formation. Other smaller rounded shoals usudly found in more protected areas are 

composed of sand. gravel, and coarse sediment and appear to be related to the formation, 

migration, and destruction of drift-aligned spits. Large shods kquently act as anchor 

points for barrier beaches and appear to Iend stabiiity to these features. Transverse ridges 

are prominent drift-aligned sediment accurnuiations that fom nearly perpendicular to the 

shoretine dom-drift of shods as submerged trailing spit-like features and rnay act as 

conduits for rnobiIe sediment (Mord et al., 199 1) 

Estuarine or lagoonal deposits outcropping on the shoreface and inner shelf have 

been observed by Forbes et a[. (199%) and Forbes and Boyd (I989), and aiso in this 

snidy and represent an additionai source of sandy mud. During transgression, b d e r  

beaches may migrate landward over muddy back-barrÏer lagoonai or estuarine sediments 

and contmued erosion of the shoreface can expose these sedîments seaward of the 

ezcisting barrier. Estuarine deposits are commody exposed in submarine vdeys on the 

Umer Scotian Sheiffrom depths of 50 m ro the present shorehe (Forbes et al., 1991b). 

however their extent in the study area remains unknown, 



Glacially over-deepened bas& and shdow estuaries are more permanent sinks 

for sedunent. Sand delivered Eom the erosion of the various sources is thought to reside 

m beaches and the shoreface sand sheet, possibly for long t h e  periods, before being 

transported to these sinks. Sandy laminae in muddy basin sediments West of McNab's 

Island have been correlated to storm events indicating offshore movernent of the sand 

and silt to basin sinks duriag stomy intewais and mud deposition during fair weather 

intervals (DeIw, 1983). Mud may dso be moved well offshore to deep basins on the 

Scotian Shelf (Piper. 1980; Piper et al.. 1986). Elsewhere on the Eastern Shore shailow 

estuaries and progradiag rnarsh environments are significant sinks for saad and muddy 

sediment (Scott, 1980; Boyd and Honig, 1992). These environments are rare in Halifax 

Harbour, although washover sediment may be deposited in relatively mail back-barrier 

Iagoons or sheltered ernbayments. Coane material is eventually deposited in lag deposits 

where cobbles and boulden with low mobility accumulate in a thin layer on shoals and 

shore pIaforms. Even in the intertidai zone Iag deposits appear stable, except perhaps in 

severe stonns. 

4 3  Historieai Colsta1 Change in the S tudy Area 

4.3.1 1711 

The first chart of the study area is fiom 171 1 and records French plans for the 

defense of then Baye de Chibouquetou (Delabat, 171 1) (Figure 4.2a) (see aiso Figures 

L.1,33 and 4.3 for place names), McNabrs [sland (Ide de Chibouquetou) and especÎaUy 

Lawior Island are dortunately not welI depicted and the chart is of Iittle 



















Figure 4 2  Perambdation Plan for McNab's IsIand (War Department, 19 15). 



















Figure 4.3 Crests of selected waves digitized fiom 1960 airphotos. The 
wave period is uncertain but is approxhately I O  s Eom the southeast. 
Significant diBiaction and rehction occur around Devil's Island and in the 
Barrie Beach area The 5 m and 20 rn bathymetric contours are ako shown. 



geomorphologic use. Soundings in Eastern Passage ùidicate depths of 3 fathoms (5.4 

ml- 

4.3.2 I 711 tu 2 75W.9 

Better quality charts are available nom 1758 and 1759 (Cook, 1758; Moms and 

lefies,  1759) (Figures 42b and c) which are in good agreement with each other 

aithough some collaboration between sweyon or engravers is Iikely. These charts 

show an island over Thnnncap Shoal connected to Little Thnimcap, and Big Thnuncap as 

a much Iarger feature than present (Figure 4.3). Thrumcap Hook extended south nom 

McNabfs Island and was separated tiom LittIe Thnimcap by a tidal channel. Hangrnan's 

Beach was aiso bisected by a tidd channel. McNab's Cove was open to the harbour as 

Maugher's Beach, in its current form, was not present. Local stony beaches were present 

at Thrumcap Shoai and Cox Comb, and Doyle Beach stretched northwest nom Doyle 

Point. Depths are shown as6 feet (1.8 rn) in Drakes Gut and 3 lathorns (5.4 m) in 

Eastern Passage. The Gap between Devil's Island and Hartlen Point was partidly bIocked 

by a curved bar with depths less than L .8 m (1 fathom). Two shoais north of McNab's 

Island are shown to have been dry at Iow water. Lawlor Island shows protrusions, Iikely 

beaches, on the east and West sides. Cox Comb was surrounded by a stony beach (BarrÏe 

Beach) and connected to the mainland by a sand Bat that was dry at Iow water. A 

prominent embayment immediately south of Cox Comb was aIso dry at low water. 

4.3.3 275W59 to 2 776 

WhiIe the most elaborate of the eariy chaas, a 1776 chart (Des Barres, 1776) 

(Figure 4-26), is of somewhat doubtfiil quality. Large changes are shown at 'ïhrtimcap 

Shod where the Iand mass appears to have been eroded and T b c a p  Hook becarne 



connected to Little Thnmicap. BI& are shown at Doyle PoÏnt (then a rounded 

headIand), at Little T h c a p  and at Big T h c a p .  Barrie Beach became an kegular 

form with two drift-aligned spits extending east towards a mail tombolo on the 

maidand. 

4.3.4 1776 to 1853 

Maps of the Hangmanrs Beach area £tom c a  1830 show subrnerged spits to the 

north and south of the beach marking a healed wasbover breach (Toler, 1826; Anon., ca. 

183 0) (Figure 4.2e) but do not depict the rest of McNab's Island. A chart frorn 1 853 

(BayfTeld, 1 853) (Figure 4-20 shows Uie whole of Halifax Harbour and is considered the 

fkst reliable chart of the area It shows two transverse ridges connected to a sizable 

barrier j o k g  Little and Big T h c a p :  one transverse ndge was anchored to Thrumcap 

ShoaI and the other to a shoai southeast of Big Thrumcap. Thnimcap Hook was cut near 

Littie Thnmicap by a tidal charnel and enclosed a large Iagoon. Little Thnuncap had 

eroded considerably since 1776 and Big Thnimcap had evolved to an asymmetnc neede- 

like promontory. in M e s  Gut a curved bar is shown between the northem end of DoyIe 

Beach and a prominent triangular pad (cf: Carter et al., 1990) with a srnall beach 

separated h m  LawIor Island near the present location of the spit at Sandy Cove. A 

round shoai, known IocaiIy as The Stone Pony, is shown east of Doyle Point. A second 

nmow banier in Drake's Gut encloses a Iong, nmow lagoon in Green Hill Cove. 

Hangman's Beach appears to have grown somewhat since 1776 resdting in the narrowing 

of a tidal channet, and çignificant sand deposition had occurred partiai.iy endosing the 

entrance to McNab's Cove (now McNab's Pond). A third spit extended toward the 

entrance to McNabrs Cove. At Ives Point, a drift-aligned spit extended fiom the shore 



and recurved to the es t .  The no& and northeast shorelines of McNab's and Lawlor 

Islands were stable and continue to show no major changes at any time up to 1999. The 

first record of beach mining is Eom this penod as large quantities of ballast stone were 

sold annually' nom McNabts Island (Novascotian. 1849) aithough it is not known fiom 

which beach these were removed. 

Barrie Beach had evolved by 1853 to a well-developed double h.ailing spit with 

both drift- and swash-aligned sections aImost in contact with the mainland and a single 

tombolo. The prominent embayment to the southeast continued to have few beach 

deposits. Sorne beach developrnent occurred at Eastern Passage between 1776 and L 853 

at the current location of Fisherman's Wharf. The Gap between Devil's Island and 

Hartlen Point was shallow with a shoal and three triangular pads present on the Hartlen 

Point side, 

4-3-5 2853 to 186 7 

A detailed s w e y  of the southern end of McNab's Island conducted in 1867 

(Rowe, 1867) (Figure 4.2g) shows Doyle Beach as an irreguiar complex barrier cut by a 

wide tidal chamel. The barrier partially enclosed a large lagoon and an huer haif-ovoid 

ness (cf: Orford et al., 1991) endosing a srnaII lagoon. The rapid transition fiom a long 

contiguous barrier to an irreguiar dissected beach of odd appearance occurred over Iess 

than 14 years and may represent expansion of the previously mentioned ballast mining 

operation to suppiy 'a splendid brickworks' buiIt at Eastern Passage in 1855 (British 

North Amerfcan, 1855). AdditionaIiy, signincant constniction of roads and buildings was 

aIso occuning on McNabrs I shd at this tirne. 



SmdI Iagoons were endosed by barriers at Green Hill Cove and aiso to the 

northwest at the mouth of Wreck Cove. The barrier connecting Big Thnmicap and Little 

Thrurncap was cut by tidd channels at either end of Little Thnimcap and tidaI channels 

exposed at low tide were dso present at the north end of Thnuncap Hook. Little 

Thnimcap is shown as 11.0 m (36') high at the bluffedge, -60 m wide, and the bluff face 

was -250 m long. Hangmanls Beach was cut by two tidal channels: a Iarge one at the 

central beach, and a smaller one exposed at low tide at the western end of the beach. A 

srnaII spit is also shown extending hto Finlay Cove, northwest o€McNabrs Cove. 

4,3,6 1867 to 2914/25 

Barrie Beach, shown on a chart nom 1886 (Akers, 1886) (Figure 42h), was very 

similar in form to I853. Changes since 1853 to the tornbolo connected to the mainland 

may indicate mining activity. A building is indicated on the tornbolo. Negligible beach 

deposits are shown in the adjacent ernbayment. 

The Perambulation Plan for McNabls Island (War Department, 19 15) (Figure 4 3 )  

does not show many changes h m  1867 but is useful in conjunction with photos taken in 

1914 by I. W. Goldthwait of the GeoIogicaI Survey of Canada The northwestem portion 

of Doyle Beach extended into a spit aimost enclosing a Iarge Iagoon and the tidd channet 

separatmhg the two portions of Doyle Beach had narrowed. A gentie promontory near the 

present Iocation of Ml3 appears to have been eroded since 1867 and a photo by 

GoldthwaÏt (l9I4a) (Figure 4.4a) shows the Iow eroding taiI of a bluff. Big Thnmicap 

had not changed appreciably since 1867 and the same photo shows a vegetated inactive 

bluffon the east side of the dnrmlùi well protected by a h g h g  grave1 barria. Dmui's 

Beach is dso shown to have been very similar in appeamce to its present forni. Little 



Figure 4.4a (Top) 1914 photo of Dimn's Beach taken nom near Ml3 (GoIdthwait, 
L9L4a) with Big Thnmicap in background Note the large beach hnting Big 
Thnmicap and the absence ofactnre blufk Anow hdicates approxùnate cment b1df 
edge* (Bottom) A 1998 photo ofBig Tb.rumcap showhg bIuîFand steep, cusped face 
of D m ' s  Beach. Lme Ml4 is shown. Note surf breaking on the shore pIafom 
seaward ofBig Thnmicap. 



Figura 4.4b A 191 4 photo of Little Thrumcap. Approxirnate male is indicated by 
what appears to be a -1.5 m broom set upfight and a perched bird (circles). 



T b c a p  was approximately 3 m high and 25 m wide (Goldthwait, 19 Mb) (Figure 4.4b) 

indicahg 35 m of retreat (a rate of 0.75 d a )  since 1867. The bluff Iength in 19 14 was 

unknown as the photographic and map evidence do not match weîi (the 1915 rnap 

overestimates the size of Little Thrumcap and shows no retreat since 1867). lfconstant 

length and height since 1 867 are assumed, by 19 14 retreat of Little Thnimcap delivered 

3 3 96*10 rn of total sediment and, assuming an average grain size for the Lawrencetown 

3 3 Till clay facies (Section 2.3), l6* IO m of grave1 and coarser sediment. These are 

overestimates as the photographic evidence clearly indicates iowering and shortenhg of 

the b Iuff face. 

Hanpan's Beach was shown by Goldthwait (19 14c) (Figure 4.3~) to be a wide 

gentIy slophg cobble beach with sandy sections. The mialler channe1 at Hangmads 

Beach and the entrance to McNab's Cove in the present location of Maugher's Beach were 

at Ieast partidly closed by a causeway serving a lighthouse and Martello Tower at the 

westem end of the beach. Likewise a causeway was conshucted between 1867 and 1915 

from Ives Point to the end of the drift-aligned spit and M y  enclosed a midl Iagoon. 

4.3.7 L924A5 to 1934 

The first partial airphoto coverage of McNab's and Lawlor Islands fiorn 1934 

shows Doyle Beach not cut by tidai channels enclosing a Iagoon (Figure 4.2j). The spit 

previousIy extending to the northwest appears to have submerged since I9 15 and a wide, 

short spit developed m its place. A washover lobe had extended since 1867 mto Green 

E U  Cove fiom the encIosing barn9er. A spit extending West mto Drake's Gut Eom 

LawIor IsIand had grown since L853. Big Thnmicap does not appear to have changed 

shape since 1915 but Thrumcap Hook and LittIe Thnmicap are not visibIe due to photo 



Figure 4.4~ (Top) 1914 photo of Hanpan's Beach and the Strawberry Battery 
Section. The approximate Iocations of h e s  MI8 and Ml9 are shown. Note the 
gentry sIoping sandy cobbte beach (GoIdthwait, 19 Mc). (Bottom) The Strawberry 
Battery Section in 1998. Note the steeper beachface and protruding ships tmibers 
and pIanks. The bIufEs have decreased in eIevation but are otherw-se of smiilar 
morphology to 19 14. A d e n  TiII is exposed to the Ieft of MI 9 at the blufftoe- 



saturation. Overwash Iobes mnlled the main tidd channel through Hangmads Beach and 

sand bars deveIoped in McNab's Cove at the eastern end of Maugher's Beach causeway. 

The srnail spit in Finlay Cove had grown to enclose a small lagoon. 

4.3.8 1934 to 1945 

Air photographs fkom 1945 (Figure 42k) show that, since 1886 (the previous 

chart showhg Eastern Passage), sand Bats accumulated at the position of present 

McComiick's Beach, narrowing the channel in Eastern Passage. Sand accumulation was 

Iikely assisted by a Iine of piles (shown as a dark Iine on Figure 4.2k) which 'blocked' 

Eastern Passage (Morning Clironicte, L 9 14) between McComick's Beach and Law lor 

Island as part of the wartirne defences of Halifax Harbom. The Iine of piles at Eastern 

Passage remained afler World War 1. Barrie Beach was submerged due to removal of 

sediment to construct the Hydrostone Roperties and other parts o€Haiifiax rollowing the 

Halifax Explosion in 19 17 (CIarke, 1 994; Ross, 1920). A hydrostone plant was built on 

site in Eastern Passage in early 19 18 and produced 3500 to 4000 partiaily hollow 

hydrostone blocks per day each weighing approximately 35 kg and of dimensions 23 an 

by 23 cm by 60 cm (Ross, 1920). Noonau's Beach, a prograded pocket beach 

approximately 1.1 km Iong, formed in the embayment to the southeast of Barrie Beach 

and was actively being mined in 1945 for materiais to, amoag other purposes, extend the 

airfieid at CFB Shearwater, The sand flats at McConnick's Beach had accumulated 

sediment since 1934 and McCormick's Beach began to form at the eastem end of the Lme 

of piIes. The beach at Fisherman's Wharfwas eroded and may aIso have been mined for 

construction materids, 



Doyle Beach had again extended hto a drift-aligned barrier partiaily enclosing a 

lagoon and was very sùni1a.r in morphology to 1759. S m d  rounded shods behind the 

b d e r  mark the distd termini of former spits. Retreat and sediment deIivery Eom the 

Wreck section stopped as a slump block at MI became inactive. The mail barrier 

encloshg Green Hill Cove breached, significdy infilhg the cove. Behween 1934 and 

3 3 1945, 14.3* 10 rn of sediment was released by eroding bluffs from Doyle Point and 

3 3 3 3 6.8* 10 rn nom the West Gut section, of which 3.01 10 m and 12* 10.' rn3 respectively 

was grave[-size and coarser. The amount of sediment delivered by retreat on LawIor 

Island is unknown as the 1934 airphotos do not extend far enough east; the spit at Sandy 

Cove extended northwest and a ness was fomed on the east side of the island. A line of 

piles berneen this spit and DoyIe Beach, pplaced to prevent submarirtes nom entering the 

harbour, is visible on the 1945 airphotos. It is not ükely that a iine of piles was placed in 

Drake's Gut during World War 1; no piles are show on the Perambulation Plan (War 

Department, L 9 15) or the 1934 airphotos. 

Retreat of Big Tbrumcap delivered 0.6* 1 o3 rn3 of grave1 and coarser sediment 

from Line M l 4  and a breach was formed at the southem end of Thrumcap Hook Tidai 

channeIs on either side of Little Thnimcap infiIled. McNab's Cove continued to infiII and 

sediment began to accumulate at Maugher's Beach as an eastward migraMg ness-[ike 

feature. 

4.3.9 1945 to 1954 

Between 1945 and 1954 Doyle Beach was again mined for UIZkllown purposes 

resnIting m complete submergence of the barrier (Figure 421). A vegetated ness present 

since 1867 began to migrate downdrift to the noahwest and another formed in kont of 



M.. The breach in the bmier enclosing Green Hill Cove infilied. FoUowkg 

submergence of Doyle Beach, retreat rates and volume of sediment delivered h m  the 

Green Hiil section initiaiiy increased whiie retreat and volumes Eom the West Gut 

section did not change signincantly. Retreat and volume suppiied fiom the Doyle Point 

3 3 section peaked immediately foilowing beach mining; a totai of 42.1 * 10 rn of sediment 

3 3 was delivered of w hich 8.9* I O m was grave1 or coarser. Barrie Beach continued to 

erode d e r  1945 and Noonan's Beach, with continuhg rnining, developed several 70 m 

Iong washover lobes. McCormickls Beach prograded over the adjacent sand flats rapidly 

3 3 during this time, asasted by trapping of sand by the line of piles. A total of 14. L * 10 m 
3 3 of sediment was delivered fiom retreat of the Lawtor Point section, of which 2.5* 10 m 

3 3 was grave1 and coarser and 0.8*LO rn was sand. The spit at Sandy Cove appears to have 

been eroded during this period when the East Gut section delivered no significant 

sediment. No significant volume was delivered fiom Big Thnimcap either, and Iittle 

change occurred at Thnimcap Hook; the breach at the southem end may have widened 

and Littie Thnimcap eroded moderately. A spit at Maugher's Beach prograded east 

towards the entrance to McNab's Cove and a beach formed across Finiay Cove endosing 

a second Iagoon. 

4.3-10 1954 to 1966 

An airphoto rnosaic is given fkom 1960 (Figure 42m) but due to the smaii scaie of 

the airphotos, the musnaily high tide at the t h e  of imagbg, and the short time intewd 

since the 1954 airphotos, there is Iittie discemible change. Contintring erosion where 

Barrie Beach formerly connected to the manriand necessitated movùig a shore-paraDe1 



road landward. The tidal channel at the south end of Thnuncap Hook grew and an 

additionai washover channel fonned, 

By L966 mining at Noonan's Beach was discontinued, leaving a narrow beach 

fionting till bluffs (Figure 4.2~1). M c C o ~ c k ' s  Beach extended northwest and West, 

M e r  narrowing the charnel at Eastern Passage, and was eroded at its eastern end 

adjacent to the maidand, apparentiy developing a high seaward crest. Sediment 

3 3 delivered at the Lawlor Point section increased to total 46.P 10.' m3 ofwhich 8.3* 10 rn 

was gravel or coarser; no significant change occurred on the east side of Lawlor Island 

but the spit at Sandy Cove continued to emde despite a total sediment suppiy of 35.4* 10' 

3 3 m3, of which 9S*1 O m was grave1 or corner, delivered as retreat of the East Gut 

section peaked. 

3 3 3 3 Sedunent delivered h m  Doyle Pomt totaied 6.640 rn , of which 1.4*I0 m 

3 3 was grave1 or coarser, whereas that Eom the West Gut section totaled 17.3*LO m , of 

3 3 which 3.0*10 rn was gravel or coarser. Retreat increased at the West Gut section in 

response to the northwest migration of nesses that previously protected the bluff. The 

two nesses merged in fkont of the Green Hi11 section, stopping significant retreat and 

sediment deiïvery. Big T h c a p  changed dramatically between 1954 and 1966, most of 

which occurred after 1960, resulting in rounding of the former promontory Retreat at 

3 3 Ml4 and M15A deIivered I U *  10 rn of sediment of which 3.6*103 m3 was grave1 or 

coarser. A ness formed fronthg MISB and a spit traiIing Big Thnmicap began to 

prograde across the entrauce to the innet cove behmd Dunu's Beach. Mer 1960, the tidd 

chamel and washover chamiel at the south end of 'llimmcap Hook rnerged and widened 



and Little Thnrmcap eroded considerably. A prominent washover breach formed between 

the north end of Thnuncap Hook and LittIe T h c a p .  Little change occurred at 

Maugher's Beach except the causeway acmss the tidai d e t  to McNab's Cove was 

widened and blocked the tidal chamel, preventing circulation into McNab's Cove. 

43.12 196610 1982 

Smdl scale airphotos exist nom 1973 but, for the same reasons as the 1960 

ahphotos, they will not be discussed except that by 1973 sand accreted seaward of the 

causeway across the entrance to former McNab's Cove, which at this time became 

McNabls Pond. As shown by an airphoto mosaic f?om 1982, change at former Barrie 

Beach and Noonan's Beach decelerated f ier  1966 in part due to the plachg of rip-rap 

boulders dong sections of the shoreline pnor to 1982 (Figure 4.20)- however bluff retreat 

appears on airphotos to have increased downdrift to the northwest of protected areas. 

Seaward progradation of McCorrnick's Beach occurred between 1966 and 1982, 

sigoiticantiy wi-dening the beach. Retreat at the Lawlor Point section peaked between 

3 3 3 3 i966 and 1982 and delivered 54.7*10 m of total sediment, ofwhich 9.8*10 m was 

3 3 grave1 or coarser, and 17.9*10 m was s a n d  A second ness developed on the east side of 

Lawlor Island adjacent to Lawlor Point. The East Gut section delivered a total of 3.8*103 

3 3 rn3, of which 2.7*IO rn was grave1 or coarser, and the spit at Sandy Cove extended 

northwest The ness fkonting the Green H i U  section extended into an outer barrier 

seaward of the existmg beach ridge at Green W Cove and enclosed a second lagoon. 

Retreat at the Green Bill section deiivered no signincant sediment during this cmie but 

3 3 3 3 20.6*10 m was delivered by the West Gut section and M.&* t 0 rn by the Doyle 

3 3 3 3 section, of which 3.5*lO m and 3.1 *IO m respectiveIy was grave1 or coarser. 



Sediment delivery fkom the Wreck section peaked as retreat acceIerated between 

3 3 3 3 1966 and 1982 and delivered a total of îl.l*LO rn of which 2.8*10 m was grave1 or 

coarser- A second smaü ness formed near the entrance to Wreck Cove while the one 

aiready present grew. Big Thnmicap continued to become more rounded and a ness 

migrated northward contnibuting sediment to the progradhg trailing spit. Sediment 

vo tume delivered by b Iuff retreat at M 1 5A and MI SB reached a maximum during this 

3 3 3 3 perÏod of28.7*10 m , ofwhich 6.5*10 m was grave1 or coarser. Little T b c a p  was 

completely eroded b y 1973 and, using bluff rneasurements nom Goldthwait ( 19 14b) 

3 3 (Figure 4.3b) and average clay facies grain sizes, it contributed approximately 74 10 rn 

3 3 of sedirnent of which approximately 1 * 10 m was grave1 or corner. Retreat has 

occurred at a rate of approximately 0.4 m/a since 19 14. A crescentic boulder Iag shoal 

remains in 1999. Erosion continued at the south end o€Thnuncap Hook, submerging the 

remaining beach south of Little ïhrumcap. Some Iandward migration of sediment 

occurred toward the dn ft-aiigned noahem section of T h c a p  Hoo k before 1973 and by 

1982 had partially S U e d  the previously long-lived tidd channeIs. The beach West 

appears to have uicreased in elevation. 

Historic echosomding pronles over Thnmicap ShoaI, which is capped by a 

cobble-bouider lag deposit, show that Iittle erosion occurred between 1950 and 1979 

except at the shaIIowest portion where kely beach depotits were eroded. Maugher's 

Beach continued to accrete sand between 1973 and 1982- 

4.3.12 1982 to 1992 

The perïod between 1982 and 1992 (Figure 4 .2~)  was characterised by generai 

decreases h retreat, sediment dehery, and c o a d  change. BItûFretreat continued 



northwest of former Barrie Beach, necessitating the placement of more rïp-rap bouiders in 

uqrotected areas, however no àgnincant sediment was detivered by the East Gut, 

LawIor Point, and West Gut sections. The spit at Sandy Cove extended m e r  

northwest. The Green Hill section showed a minor increase in sediment delivery but the 

bldfwas inactive and revegetated by 1992. Big Thnimcap continued to retreat at a 

3 3 3 3 decelerathg rate and delivered 17.5* t O m , of which 3.8* 10 rn was grave1 and corner. 

Only minor changes occurred to the aess and the spit did not appear to prograde 

signincantiy. Except for slow continuhg retreat at its seaward end, little change occurred 

at Thnuncap Hook after 1982. 

4.3.13 1992 to 1997 

The period nom 1992 to 1997 (Figure 4.2q) likewise was characterised by Iittle 

coastal change; al1 sections show sediment delivery rneasured from airphotos not 

significantly different Erom zero and retreat underwent a general decline with the 

exception of MI and M l 4  and lines at the Fort McNabts/Strawbeny Hi11 section. 

4.3.14 1997to 1999 

Coastai changes between 1997 and 1999 are discussed in detail in Chapter 3 and 

are characterked by an acceleration in coastal change in contrast to the penod 1982 to 

1997. Due to the large error associated wkh measurements fiom airphotos between 1992 

and 1997, volume increase is not statisticdy significant at any survey h e s  and 

uicreasing retreat rate is oniy signincant at lines M2, MS, M6, MI I, aii ünes at Big 

Thrumcap, and L4. Ml9 shows a agnincant decxease in retreat rate. 

Echosounding conducted in 1998 and 1999 shows àgni-ficant vertical erosioo 

when compared with a 1964 CHS fieldsheet (CHS, 1964). Since 1964 at Barrie Beach 



(Figure 2.12). up to 2 m vertical erosion between the two beach crests accompanied by up 

to 50 m downdrift (NW) movement and 1.5 m Iowering of the northwestem crest is 

apparent while, at the southeastern crest, up to 1 m of vertical emsion w i i  Iittie 

migration occurred. Erotion over a bedrock outcrop charted on the 1964 field sheet is 

negligible and some deposition appears to have occurred in the lee oFthis obstruction. At 

T h c a p  Shod, erosion greatiy increased between I979 and 1999 (Figure 2.13). Two 

profiles from the shallowest part of the shoai show up to 3 m of vertical erosion but less 

at shailow depths. Narrowing of the shoal or trailing transverse ndge occurred at Line 2. 

Figure 4.5 is a 1998 ffiudsen echosounder trace showing a submerged prism- 

shaped feature with a steep seaward face and more gently sIoping landward face in 7.8- 

9.5 rn water depth seaward of Dunn's Beach and Big Thnimcap. This structure is 

interpreted as an overstepped beach form but this has not been confirmed in the field. At 

the extreme northwest end of the trace, humrnocky, eroded, esniarine or lagoonai muds 

have been observed in 6 rn water depth. This unît was investigated by SCUBA and is 

sandy mud containing rare sub-angular cobbles interpreted to be ice-rafted fi-om an 

adjacent beach and wood and sheiI debris. Penetration of the 28 kHz signal cm be 

obsemed in muddy units and dso adjacent to the beach structure, possibly hdicating 

additional lagoonal or estuarine facies associated with this submerged beach form. 

43.15 Summary 

The evoIution of the study area prior to approximately 1853 is characterised by 

littie apparent erosion but slow beach development (eg. Barrie Beach, Thnmicap Hook). 

Mer 1853, mainly due to mining of beach matenal, coastal change acceIerated and was 

characterised by rapid changes Î n  beaches (e.g. DoyIe Beach, Barrie Beach, and Noonan's 



Beach), O ften resulting in comp tete beach submergence and accelerated bluff retreat in 

adjacent areas, in pdcular at the West Gut and Green HiII sections and at Barrie Beach. 

Pronounced maximum rates of bIuffretreat and sediment delivery were reached between 

1954 and 1966 at a number of locations (e.g. the Green Hill, West Gut, LawIor Point, and 

East Gut sections). ThÏs corresponds both to a period of intensive mining of a oumber of 

beaches in the study area and, as will be discussed in Chapter 5, a marked penod of 

increased storminess (Figure 2.1 8) and rapid sea-level rise (Figure 2.20). Reorganization 

of beaches foiIowed mùiing, resuIting in submergence and subsequent formation of new 

beaches at a more Iandward location. The main beaches to fom during this penod were 

large sandy grave1 beaches (e-g. Maugher's Beach, McCormickrs Beach) and a number of 

short-lived nesses that extended into spits (e.g. the spits at Sandy Cove and Green HiII 

Cove). 

4.4 Discussion 

Aithough histoncd changes in the mdy area are partly related to beach mining 

and are not therefore naturai, the movement of sediment after mining OCCLUS rapidIy and 

resdts in obvious morphoiogic changes easiIy observable on airphotos. investigation of 

these movements and changes may he$ elucidate the role of overwashed beaches in 

nrpplying sediment to progradhg beaches and the morphosedimentary Iinks between 

bluffs and beaches. The formation of several morphologie featrrres of dnunlin shorekes 

may ais0 be explained. 

The relationship of bluffretreat and beach formation is apparent in certain 

Iocations. NotabIe examples are nesses that form in response to accekrated blaffretreat 



followhg destruction of protective beaches at Drake's Gut, LawIor Point, Big Thnmicap, 

and the Wreck section. These each correspond to local releases of more than 3000 m3 of 

grave1 and coarser sediment between successive airph0 tos. Due to interactions of the 

newly delivered sediment with the incident wave field (Figure 3.3, Figure 4.3) and the 

pre-existing morphodynamic ce11 structure, nesses may migrate rapidIy downdrifi. 

Between 1954 and 1966 a ness in Drake's Gut mi-grated domdrift at rates up to 20 d a  

When a migrating ness encounters a low-energy embayment the ness may stretch across 

the embayment as a spit and enclose a lagoon (e-g. Green Hill Cove). DnR-aliped spits 

initially prograde rapidly over shallows, but slow when they prograde into deep water 

(Ruz et al., 1992). Doyle Beach and the spit at Sandy Cove have been through several 

cycles of progradation and destruction. Each progradation contributes sedirnent which 

rnay be spread over a flat cobble lag area as the spit is destroyed; the next cycle of 

progradation initiaily occurs quickly and then slows as the spit extends off the flat area 

into deeper water. The spit at Sandy Cove uiitialIy extended quickly over a cobble- 

boulder pad kom 1966 to 1992 but has since slowed. Although reduced suppIy of 

sediment as bluffretreat decelerated d e r  1982 may contribute to decelerating 

progradation, the distd end of the spit aiso slopes steeply into water depths up to 9 m. 

Curved bars in inter-dnrmlin channels between islands represent the overwashed 

m a i n s  of b b e r  beaches (Carter and Mord, 1988). If the charnel is shaIiow relative to 

its width and sedunent supply plentifid, spits extendhg fiom adjacent headIands may join 

fornimg a swash-*gne barrier. Curved bars are morphoIogicaiIy associated with 

triangnlar pads and both occur at the shaIIowest point in Drake's Gut and in The Gap 

between Devil's IsIand and H d e n  Point. Pads appear to represent the former point of 



comection of a barrier to a dnimlin flank and may mdicate an area of pst, and perhaps 

repeated, spit and beach formation and destnrction. 

In the same manner that beach growth over annual and sub-annual scaies protects 

bluffis and slows retreat and erosion rates (Chapter 3), ness formation and migration 

resuits in the variability in decadal retreat rates at blufEs, as shown by examples 6om 

M e s  Gut between 1954 and 1966 (Manson, 1999). Nesses cause the opposite effect of 

ords, sediment deficiencies in the nearshore promoting bluff erosion (Pringle, 1985). 

Ords can Vary in length from 250 to 2000 rn and are much larger than the 5 to 50 m long 

exposures of till foreshores in the McNab's Island area, perhaps best referred to as micro- 

ords, but appear to play a similar morphodynamic role. 

Whether bluffretreat accelerates due to the removal of protected beaches or the 

migration of ords or similar features, sediment delivery from bluffs presents a mechanism 

for negative feedback and self-regdation of the bluff-beach system. Episodes of retreat 

produce sediment and buiId protective beaches, which then slow retreat and result in less 

sediment deIivered. As discussed in Chapter 3, with diminishing retreat, subaerïai 

processes dominate and condition the bluff towards future retreat, resulting in an initial 

pulse of sediment upon wave attack. On drumiin shorelines where longshore currents 

readily develop in morphodynamic cells, the locus of sedimentation and feedback 

migrates, and may contribute to decadal scaie cyclicity in retreat rates (e-g. the Green HiII 

section and M14). 

Whereas ness formation corresponds to short-Iived episodes of accelerated 

sechnent supply, the slower development of major sandy grave1 beaches (e.g. Maughets 

Beach and McCo~~~llkk's Beach) occurs due to sustained sediment suppIy. The extent of 



sand Bats formed in the study area in historic time, although volumes are not known, 

appear too large to have corne fkorn bluffretreat, and their deveIopment is not correlated 

with accelerated bluff retreat. The development of McCormick1s Beach appears to be 

accompanied by accelerated retreat of Lawlor Island oniy fiom 1966 to 1982, but this 

occuned after the beach was aiready well-formed. As no accelerated change is apparent 

at HartIen Point either in measured rates (R. Taylor, pers. comm., 1 997) or on airphotos, 

this is aiso not a signincant source. 

Barrie Beach and Noonan's Beach show pronounced anthropogenÏcaiIy-induced 

erosion. Barrie Beach is seen on historical charts from L 759 (Moms and JeEes,  1759) 

to 1886 (Rowe, 1886) as a stable feature, but following rnining it submerged. UpdrîA 

from Barrie Beach, McCormickrs Beach began to accrete d e r  1853, accelerrited d e r  

19 14 assisted by tnpping ofsand around a line of piles, and was well established by 

1954. Noonan's Beach, directIy Iandward orBarrie Beach, was not present in 1886, but, 

followuig mining of Barrie Beach, grew to approximateiy L 100 rn long and 150 m wide 

and was being mined in 1945. With continued mining, by 1954 washover lobes were 

deposited and bluffretreat was occurring dowudrift to the northwest, forcing (prioc to 

1960) the relocatioa of a major shore-paralle1 road. 

Forbes et al. (I995a) considered natural susceptiiility of a beach to overwash to 

increase as it grows m height and an open framework ndge develops. Overwash occm 

as coincident high wave and tide conditions result in catastrophic destruction of the ndge 

or crest over a geriod of hours to days (e-g. Green HilI Cove, February 25/1998). Sand 

rernovai ftom Nova Scotia beaches has been shown by Bowen et al. (1975) to r e d t  in 

hcreased suscepn'bility to erosion and overwash. FolIowing mining, rather than a singe 



and rare event causing catastrophic overwash, more fiequentiy occUmng moderate wave 

and tide conditions may resdt in breachhg of the crest. Rapid lowering of the beach 

resdts in submergence and delivery of sediment tandward to a Iocation of  lower incident 

wave energy. The formation of Noonan's Beach, McCormick's Beach and the buildup of 

sand Ui Eastern Passage are directiy related to erosion of Barrie Beach foliowing artifciai 

lowering of the crest and submergence, and subsequent bluffretreat on the mainiand side 

of Eastern Passage southeast of McComick's Beach. Although chats  pnor to 1853 show 

depths of 3 to fathoms (5.5 m) (e.g. Delabat, 171 1; Morris and Jefnies, 1759), depths of 

4.5 fathoms (8.2 rn) are shown in Eastern Passage on an 1853 chart (Bayfield, 1853). 

More recent charts show depths of 7.5 rn (CHS, 1929) and 5.5 rn (J. P. Porter Co.. 1969). 

Conservative estimates suggest sea Level rose approximateIy 0.3 m between 1853 and 

1969, indicating approximately 2.4 rn of deposition during this period. Dredging of this 

newly deposited sedhent was conducted h m  1969 to 1972 for materials to build the 

Halifax Container Terminai @. BuckIey, pers. corn., 1998). 

The otigin of Maugher's Beach is less easily explained. It is clear that causeway 

construction changed the hydrodynamic regmie at McNab's Cove and sand infilIed the 

entrante, however, the source of sand is not identified. Sirniiar to the McCormickrs 

Beach area, the development of Maugher's Beach was accompanied by no accelerated 

updrift retreat, in this case at the Fort McNabWStrawberry Battery section or at Big 

Thrumcap. Bluffs updrift thus cannot be the onIy sediment source, yet Thnrmcap Hook, 

the other alternative subaeriai source, appears stable through the eariy development of 

Maugher's Beach. M o r d  et al. (199 1) specdate that the presence of dissipative 

shoreface sands in h n t  of estabfished grave1 barriers contnbutes to their stabiiity, whÏie 



Ioss of the sand sheet triggers morphodynamic change. Some evidence is gîven for thïs 

process as  sand appears to be the nrst sediment size to migrate and form beaches 

dowudrift. The sand in McCormicks Beach and Eastern Passage, in a long-term response 

to artinciai crestd l o w e ~ g  and overwash, originates Eorn Barrie Beach and Noonan's 

Beach. The sand forming Maughefs Beach may have been transported fiom the 

shoreface sand sheet adjacent to Thrumcap Hook, contributing to its failure after 1954. 

Active corne sand ripples on the shoreface adjacent to Thnmicap Hook @. Forbes, pers. 

comm., 1999) indicate sediment transport in this area 

A report on dredging in outer Halifax Harbour (Hunter and Tress, 1970) identifies 

dredging activity at Thnimcap Hook, but this is based only on airphoto interpretation and 

mining or dredging is not otherwise known to have occurred. Uniike rnined beaches, 

throughout historicai time T b c a p  Hoo k has had neither roads nor structures. A barge 

is visible on airphotos from 1966 inside the cove at Thmcap Hook and may indicate 

dredging had been initiated, but, as the tidal channet was not navigable shortly before 

1966, and shelter nom waves of nirumcap Hook was negIigible shortly d e r  1966, any 

dredging was likely not significant. Changes at this location may therefore be considered 

predominantly n a d .  

The behaviorn of Thrumcap Hook changed rapidly after 1954, the reasons for 

which, as will be discussed in Chapter 5, are cornplex. This was both a period of 

mcreasbg storminess and rapidIy rising sea-levef, but, relevant to this discussion, was 

aIso a period of decreasing sediment suppIy h m  Thnmicap ShoaI. The transverse ridges 

visMe on charts h m  the mid and late 1800s @es Barres, 1776; Bayfield, 1853; Rowe, 

1876; Mers, I886), which may have operated as sediment transport comdors (Mord et 



ai., 1991) fkom Thnmicap Shoai, are not apparent on later airphotos. Additiondy, Me 

erosion of Thnuncap Shoal occurred between 1950 and 1979 (Figure 2.15). The 

reduction Ui supply may have changed the baiance between sediment nipply and sea-level 

rise, which was rïsing rapidly nom 1920 to 1970 (Figure 220), causing a rapid shift &om 

stability to destruction. An apparent increase in erosion of Thnuncap Shod aîter 1979 

may have supplied enough sediment to support a smdler beach in equiiibrium with Iess 

rapidy rishg sea-level d e r  1970, perhaps partiaily accounting for the stabilization 

apparent on airphotos after 1982. The decadal scale evolution of the Thrumcaps and its 

causes are discussed more fully in Chapter 5. 

Erosion of till at Thnuncap Shoal likely does not contribute ngnificant sediment 

due to the presence of an overlying coarse Iag deposit. Prior to the erosion of the drumlin 

shown on charts from the mid-1700s (Cook, L 758; Moms and Jefies, 1 759), h g i n g  

beach depoats were Orely present. These deposits were reworked Iandward during sea- 

Ievel rise, stranded, and subsequently subrnerged on a bathymetric hi&; continued 

reworking of this sediment following submergence formed transverse ridges streaming 

dowudrift and left a coarse lag depotit over the flat-topped shoal. It is thought the 

Iowering seen in Figure 2.15 is erosion of these deposits, however M e r  offshore 

mapping is necessary to conhm this. 

The above discussion has focused mainly on eroding tiII bluffs and barrier 

beaches subject to overwash. These are the priacipal sources ofbeach sediment because 

they contain beach-forming sediment, are widespread throughout the study area and are 

activeIy erodmg. Additional sources that may be ti@cant are overstepped barriers and 

estuarine or Iagoond deposits outmppmg on the shoreface (Figure 4.9, but the 





distncbution and erosÏon of these features is not well known. The observed hummocb, 

scoured, morphology of the cohesive deposit indicates active erosion in at least 6 m water 

depth (cf. Forbes and Boyd 1989). The pristine prome and sharp crest of the overstepped 

beach fonn suggest it is not being signincantly eroded, dthough the structure may be 

migrating Iandward intact or may be receiving mai1 amountç of sediment from seaward 

while Losing other sediment landward. The sea-level curve for Halifax Harbour (Shaw et 

ai., 1993) indicates the age of the estuarine or lagoonal deposits at 6.5 m depth is 3.25 ka 

and, assumllig deposition at sea level, the relict barrier at 8 m depth is approximately 3.75 

ka 

Erosion of estuarine or lagoonai deposits and oventepped barrier beaches, as 

landforms composed ofsediment delivered Eom bluffretreat, uItimateIy provides no new 

sediment to the system. in the absence of fluvial inputs, any sediment in beaches not 

delivered directiy by the erosion of till or bedrock is reworked sediment delivered by 

previously eroded drumlins that has been moved Iandward with the transgressing 

shorehe. At approximately 1 1 ka, sea Ievei was 65 m lower than present (Stea et al.. 

1994) and the coastline was located approximately 12 km southeast of McNab's Island 

(G. Fader, pers. corn., 1999). Remnant eroded dnunlins that supplied sediment to the 

coastai zone are seen on multibeam bathymetry between McNab's IsIand and the previous 

Iowstand shorehe. On the inner Scotian Shelfoff the Eastern Shore, this sediment bas 

been reworked to extensive Iag deposits (Forbes and Boyd, 1987; Amos, 1989; Forbes 

and Boyd, 1989). in pIaces it continues to be moved onshore in rare nibons of grave1 

rippies that migrate over the lag deposit (Forbes and Boyd, 1987) to depths of at Ieast 30 

m dinring storms (Forbes and Drapeau, 1989). Grave1 rÏppIes are seen on sidescan sonar 



records northwest of Devil's Island and may hdicate the slow migration of srnaII amormts 

of eroded glacial sediment fiom the inner sheIf southeast of Devil's Island. Further 

rnapping of offshore sedixnent distriiutions and determination o f  volumes present in 

beaches are necessary to M e r  elucidate the sediment budget. 

Boyd et al. (1987) considered the long-tem development of the Eastern Shore to 

be related to the balance between the rate of sea-level rise and sediment supply to barrier 

beaches. When supply is limited, barriers experience ovemash and landward migration, 

whereas when supply is plentifid, barriers may prograde, keeping Pace with rising sea- 

Ievel. If anthropogenic removal of sediment cm be considered a reduction in supply, 

supply limitation in the study area is observed to result in overwash. The timing of 

miniag activity, overwash, and updrift sedimentation in the Barrie Beach area, as 

observed on airp hotos and charts, indicates that fomeriy stable beaches w hose crests 

have been artificidly lowered by mining become unstable, npidly change m form, and 

increase the rate of suppIy to the sediment budget. Downdrift sedimentation folIowing 

overwash indicates that movement of sediment fiom type S3 beaches to type S2 beaches 

is an important mec hanism o P transporthg sediment landward during transgression. 

4.5 Conclusions 

(1) Eroding bluffs are important sources of sediment in the sediment budget in the 

McNab's Island area. Other sources offshore inchde remnant dnmilin shoais, barrier 

beaches subject to overwash, submerged beach foms, and lagoonai or estuarine 

sediments outcroppmg on the shoreface. Of these, barrier beaches subject to overwash 

and shaIIow submerged beach forms that were either overstepped or stranded on 



bathymetric highs during transgression appear to be most important. Eroduig dnmiIin 

bt& represent the ody significant source of new sediment. 

(2) Historical retreat rates of drumlin bluffs are variable through t h e  and location 

and, in the study am, are closely related to the migration of nesses and the destruction of 

protective b d e r  beaches by mining. As observed on sub-muai to annual t h e  scdes, 

the presence ofbeaches promotes bluff stability over decadai time scaIes. Sediment 

detivered by bluff retreat can affect the morphodynarnics of the bluEf-beach system; 

feedback processes may be important in regdaulating decadal supply fkom blufis. 

(3) Repeated minhg of beaches in the study area has contniuted to rapid coastd 

change. RemovaI of sediment and artificial lowering of beach crests increases 

susceptibility of barriers to overwash, and promotes downdnft movement of sediment. 

Change not believed to be intluenced by mining or dredging also occun rapidly after long 

intervais of stability. 

(4) The cause and eRect relationship between sediment supply and barrier beach 

behaviour is comp iicated by coincident mcreasing storminess and rapid sea-leveI rise. 

N a d  changes are related to the interaction of sediment dynamics, increased storminess, 

and variable rates of sea-level rise. These interactions are m e r  discussed in Chapter 5. 



Cbapter 5 

Factors Contnbuting to the DecadaGScaie 

Morphodynamic Evolution of the Thmrncaps 

5.1 Introduction 

The importance of beaches in protecting bluffs over decadal time scales was 

iIlustrated in Chapter 4, where the sediment sources of beaches were hvestigated. An 

offshore source consisting of çtranded and submerged beach deposits was determined to 

be important in supplying sediment to past and present beaches near Big Thrumcap. 

Sediment supply variability is not the only variable or factor that controls coastal 

behavior. It was demonstrated in Chapter 3, that on m u a i  or sub-annual t h e  scdes, 

storms and stom surges are important in causuig coastal change; extrapolation of these 

short-term forcing mechanisms to decadal thne scales suggests that storminess and sea- 

Ievel change may pIay a roIe in controlfing decadd-scde coastal behaviour. It remains 

unc1ea.r whether, over decadai t h e  scaies, storminess, sea-IeveI rise, or sedirnent supply 

controls morphodynamic evoIution and the shift nom banier beach aability to instability. 

The McNab's Island area is not an ideai Iocation to study decadd-scale coastal 

evolution because of the amount of anthropogenic disturbance that has occurred. One 

area that has argttabIy not been subjected to agnificant mining or dredging is the 

Thnmicaps. Thmmcap Hook, Thrumcap Shoai, Big T h c a p  and LittIe Thnmicap wiIi 

be used as exarnpIes to iuvestigate the rnorphodynanuynanuc evofution of a coastal system. An 

introduction to noniinear dynamitai concepts and terminology wiII be given and decadai 

trends h stonniness and sea-level rise and their causes discussed, The historicd 



evolution of the Thnimcaps wiII be reviewed and lastiy the factors controlhg their 

morphodynarnic evolution will be evaluated. 

5.2 Nooiinear Dynamics in the Coastai Zone: An Introduction 

The number of publications on nonliaear dynamic systems has been increasing 

exponentidy in recent years (Middleton, 1991), indicating recognition of the 

applicabiIity of nonlinear dynarnicd theory to n a d  systems. The followùig is a bnef 

introduction to nonlinear dynamical systems and an attempt to place the study of coastd 

change through t h e  in a dynamical context by descriiing selected Feedback relationships 

on grave1 shorelines. 

Dynamical systems arke under conditions of energy dissipation and disequilibrig 

such as are cornmon on shorelines subject to geotogicai inertia (Forbes et al., 1997). 

Nodinear dynamical systems are considered to converge to attractors, mathematicai 

descriptions of their state. Strange attractors are the convergence points or States of 

apparently chaotic nonlinear dynamical systems and rnay be expressed as hctals 

(Goodings, 199 1; Nico lis, 1987). Where the state of a system, such as a shoreline, is 

controlled by more than one parameter, a set of stmge attractors results, denning a 

rndfinactai bash of attraction (Shaw, I99 1) which changes form depending on the 

dynamicd equili'brium between controllmg factors or forcing mechanisrns. 

Nonünearities result h m  feedback m the systern and give rise to apparently 

chaotic behaviour or Iong-term stabiiity. Long periods of stability may terminate in rapid 

shifts in system state when the dynamical equiiitbnum between control parameters 

changes rapidly. Numerons examples of feedback in coastal systems are reported 



includuig cusp formation (Sherman et al., 1993), textural sorting and crestal breakdown 

(Forbes et al., 1995a) and dune scarp erosion (Gafkey, 1993) (see dso Section 4.5). 

TexturaI sorting, in particuiar, is an important process on gravel shorelines resulting in 

distinct shore-parailel sedimentary facies. Sorting occurs through overpassing, the 

process by which clasts either Iarger or s m a h  than the dominant grain size of a facies 

are rejected fiom the sediment mass (Carter et ai., 1990a; Ma, 1993). An example 

includes the marner in which gravel is tramported over the shoreface sand sheet to be 

included in a barrier beach. Positive feedback occurs a s  the sand sheet becomes better 

sorted and a wider range of clast &es is overpassed, resulting in even better sorting of 

the sand sheet. 

in coastd systems, morphodynamic self-organisation, the process through which 

coastd stability results, is controlled by negative feedback. Coastal change occurs mainly 

through wave energy, but the morphology of a shoreline affects the incident wave energy 

through rehction and dissipation. For example, as incident energy Uicreases, sandy 

beaches deveIop flatter profiles to dissipate more energy offshore, and coarse-cIastic 

shorehes deveIop steeper and higher profiles and refiect wave energy from the beachface 

to interfixe with approaching waves. Thus, as incident energy increases, it is reduced by 

negative feedback and coastai stability results. At some cntical level of incident energy, 

and with some cnticd morphologic condition, negative feedback faiIs (or positive 

feedback occurs) and change resuIts. ùi the context of nodhear dynamics this represents 

a bifùrcation or sudden shift m the prevaihg state, in which, due to a change in the 

factors upon which the basin of attraction depends, the state of the system changes. 



Critical rnorphologic conditions may include steep open fhmework crests (Forbes et aL, 

1995a) and the presence of sand in the nearshore (Mord et al., 199 1). 

The conceptual resemblance between thearetical nonIinear dynamics and 

observations of coastd processes through t h e  is striking and bears fùture consideration. 

Field studies cm assist in elucidating controlling parameters but, due to the number aod 

interactions of controlling parameters in the coastal system, quantitative marriage of 

theory and observation in the coastai zone is not yet possibfe. The-series rneasurements 

best show examples of noniinear behaviour. At present coastd observations Iend support 

to spatiaily and temporaily variable, nonliaear dynarnical behaviour in natura1 systems, 

and nonlinear dynamical concepts present an approach of use in investigating coastal 

behaviour over time. 

53 Storm Ciïmate at HaIifaiu Since 1953 

The weather in the Maritime provinces is controlled rnainly by eastward 8ow 

fkom a high pressure area over central Canada to a low pressure zone over the Atlantic 

Ocean. Cold dry air over the continent drifts southeast to meet w m  mois  air 

originating in the Canibean Sea, redting in extratropical or mid-latitude cyclone 

formation. These types of cyclones are moa intense during winter when the temperature 

differences between air masses are greatest (Canavan, 1997) and may follow a 

noaheasterly meridional track approximately paraiIel to the Atlantic Coast of the United 

States (Dola- et al., 1988). Mid-Iatitude cyclones rnay aiso originate over the continent 

and aove east with zond (Le. Iatitudinai) flow or, more rarely, may form m the Arctic 



and move southeast toward the Maritime provinces (Gyakum et al., 1996). Occasional 

whd  storms may be associated with the formation of anticyclones during fair-weather. 

A less cornmon type of cyclone ongiuates in the tropical Atlantic Ocean (10' to 

15' N) where westerly propagating atmospheric waves fiom West Afkica give rise to 

especially damaging hurricanes fiom July to October (Goldenberg et al., 1997). These 

too move northeast roughly paraIlel to the coast of eastern North America and 

occasionally cross the coast of Nova Scotia Distant tropicd cyclones and hurricanes are 

commoniy observed at Halifax as long period high waves without local high winds 

(Figure 5.1). 

Historical climate data indicate that EEom approximately 1954 to 1964 was an 

anomaious period of decadai scale stominess. Although mean daily winds (Figure 52) 

show no large changes in direction since 1953, maximum monthly winds (Le. storrn 

winds) show a marked change in modal direction (Figure 5.3). in the period 1953 to 

1959, modal storm directions were corn the southeast but swirched to the southwest 

during the period 1960 to 1969. The number of storm winds fiom the northeast decreased 

aer 1969 but has again increased in the 1990s. Storm wind directions in the 1990s also 

show strong westerly and northwesterly components. The mean storm wind direction has 

migrated continuaIly westward since 1953 but this may not be significant. 

Southerly winds have been shown to be important in resuspending mud in HaIifax 

Harbour (DeIrne, 1983) and the longest wind and wave fetch affecthg the McNab's 

Island area is between 120~ and 240'. Additiondy, Figures 5.2 and 5.3 mdicate that 

modal mean ddy and maximum monthIy Wmds are fkom the southeast to southwest 

The folIowing discussions of storminess wi?I therefore focus on southeasterly to 
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Figore 5.1 BI& retreat rate, voIttme delivered by bluE retreat, speed of 
southeasterly to southwesterIy winds, wave height during southeasterly to 
southwesterIy winds, and sea Ievel since 1940 at the Thrumcaps. On the Iower two 
graphs the open symbots indicate field rneasufements, and the dark Enes and diamoud 
symbols represent average retreat rate and total vo1u.e deIivered Ml4 circles, MISA 
squares, M15B triangles. Ch the upper three graphs the grey hes represent 
maximum monthiy rneasurements and the dark hes give 12 month rinming means. 



Figure 5 2  Rose diagrams of mean d d y  whd directions at CFB Shearwater.. 
Cûcles represent fkequency intends of 0.025. The heavy Iine mdicates the mean 
dafiywhd direction for each period. A) 1953 to 1959. B) 1960 to 1969, C) 1970 to 
1979. D) 1980 to 1989. E) 1990 to 1999. F) 1953 to 1999. 



Figure 53 Rose diagrams of maximum monthIy whd directions at CFB 
Shearwater. CÏrcIes represent hquency intervais of 0.025. The heavy Iine 
indicates the mean maximum montMy wind direction for each period. A) 1953 to 
1959. B) 1960 to 1969. C) 1970 to 1979. D) 1980 to 1989. E) 1990 to 1999. F) 
1953 to 1999. 



southwesterIy Win& from directions between 120' and 240'. 

Figure 5.4 shows rnarcimum monthly southeaster~y to southwesterly wind speeds 

and the summer and winter fÏequencies of mean daily southeasterly to southwesterly 

winds of speeds greater thm 30 M. A period of marked elevated storm fiequency and 

strength conbiiuted to by both summer and winter storms occurs between 1954 and 1965 

just prior to an historical minimum Ui the North Atlantic Oscillation Index (Figure 2.18). 

The wave record starts after 1970 and does no t inchide this stonny period. 

These changes in the stom wind field are coincident with a change in the mid- 

1950s in trend h m  increasbg surface air temperatures in the Maritimes since 1890 to 

decreasing air temperatures (Lewis, 1997); the trend rnay have switched again to warming 

in the 1990s. The coincidence of Uicreasing storm strengths and frequencies and shifiing 

storm directions indicates a brief change in the stom climate of the Eastern Shore 

between 1954 and 1964 the cause of which may be related to established atrnospheric 

pattems. 

Since the 1920s ciimate research has considered the effects of atmospheric fl ow 

patterns indicated by indices of air pressure (e.g. WaIker and Bliss, 1 93 2). ln the 

equatorial Paciftc the Southem OsciIIation hdex (SOI), the difference of mean monthly 

normahed sea level air pressures at Tahiti and Darwin, is used (Figure 2-17), whereas in 

the North Atlantic basin the North Atlantic OscilIation Index (NAOI), the difference 

between mean normalised December, January, and February sea Ievel air pressures at the 

Azores and Iceland is commody used (Figure 2.18). 

The SOI is the better known of the two indices and is recognized as indicating El 

Ni30 (negative) and La Nina (positive) conditions (e-g Philander, 1990; McFadden, 



1950 1960 1970 1980 1990 2000 

Wuid clirnate at HaMax between 1953 and March L999. A) SOI. 
Monthly values (Iight grey he), 12 month ninning mean (dark grey he) and 3 year 
nrmiing mean (thlli bIack he). B) NAOI. Aunual vaiues (pomts), 3 year ntnnùig 
mean (grey he) and I I  year nmning mean (bIack Iine) are shown. C) Annual 
kquency of mean daiIy southeasterIy to southwesteriy whds greater than 30 km/h 
fiom Iime to November of eac6 caIendar year. The soiid h e  hdicates the three year 
mmhg mean. D) As in C but fiom Ianuary to May and December of each cdendar 
year. E) Maximum monthiy soutEmsterly to sottthwesterIy wind speed The dark 
üne indicates the 12 month rmining mean. 



1999). EI Nino events are coincident with many ranote atmosphenc and oceauic 

responses or impacts, including equatorid Pacific sea s d a c e  wamllng (McFadden, 

1999), decreased South Asim monsoon activity @iaz and Kiladis, L992), and enhanced 

precipitation in the mid-latitudes of western North America (Heusser and Sirocko, 1997). 

La Niaa events, charactensed by negative sea surface temperature anomaIies in the 

equatorid Pacifk, are considered to result in increased kquency of major (sustained 

wind speeds > 180 km/h) hurricanes in the Atlantic Basin (Goldenberg and Shapiro, 

1996; Goldenberg et al., 1997). 

The NA0 has been linked to a number of winter climatological phenornena on 

both sides of the North AtIantic basin. in Europe, decreasing winter temperatures have 

been correlated with downward trends in the NA01 and the current positive phase in the 

index contributes to winters dner than normai in central and southem Europe and wetter 

than normai in Scandinavia (Hurrel, 1995). Sea-level variations in the North and Baltic 

Seas may be related to the NA0 (Plag and Tsimplis, 1999) and water rnass redistributions 

across the Atlantic Basin may result in coincidence OF the NA01 and decadal poIar 

motion, the geographic variation in the position of the Earth's rotationa1 axis (Zhou et ai., 

1998; [wabuchi et al., 1997). in the western Atlantic, the NA01 has been correlated to 

the latitude of the Gulf Stream (Taylor and Stephens, L998); more northerly positions 

occur approximately 2 years d e r  high NA01 winters. AIso during high NA01 winters, 

westerIy whd speeds increase across the Atlantic, anornaIous northerly fl ow develops 

over the Canadian Arctic, and anornaIous southeriy flow deveIops over the southeastern 

United States (HurreI, 1995). The effect of these anomalies on stoms impactmg the 

Eastern Shore remabs mcIear and is the subject of this section. 



The above discussion iIIustrates that both the Southeni OscilIation and the North 

Atlantic OsciLIation may contribute to the c h a t e  of eastem North Amerka, yet 

cornparisons of portions of the NA01 and SOI since 1950 do not readily reveai any strong 

evidence for correlation. The SOI is a monthly index of zond flow; the 12 month 

nmning mean shows an irregular periodicity of approximately 3-5 years. Negative values 

of the 12 month ninning rnean indicate El Niao conditions while positive values indicate 

La Nifia conditions. The 1 1 year ninning mean shows some irregular low-amplitude 

oscillations since 1920 (before which the Tahiti air pressure record is discontuiuous) but 

amplitudes became larger aAer 1970. Mer 1980 the 1 1 year mean of the SOI was the 

lowest it has been since 1920- 

In contrast to the SOI, the NAOI is an annual index of winter months from 

meridional digned stations and shodd be considered only with whter phenomena. The 3 

year nmnllig mean oscillates irregularly with a period of 5-7 years and has varied 

considerably since 1860. From approximately 1860 to 1896 shorter period variations 

were dominant but after 1896 longer penod and higher arnp Iitude asymmetric osciIlations 

occurred mtiI a Iow point in the index was reached in 1964. Mer 1964 high amphde 

and regular osciIlations became dominant. The 1 1 year numing mean shows a pattern of 

low amplitude îrregdar oscillations and positive values prior to 1896. VaIues increased 

to 1910 when osciIIation periods became longer with a downward trend to a m.ïnimum in 

1964. The 11 year mean shows an upward trend since that time. 

El Niao or La N i a  events rnay coincide with either peaks or depressions m the 

NAOI. Sttong EI Nia0 events such as  occurred m 1972,1982, and 1992 coincided with 

peaks on the NAOI, that is, to higher relative air pressures m the Azores. The 1997 



event, however, the strongest in recent history (McFadden, 1999). comsponded to a 

depression in the NA01 or higher relative air pressure in Iceland. Strong La NSa events 

such as 1973, 1988, md 1998 tend to correspond to peaks in the NA01 but the strong 

1964 La NZa corresponds to negative NA01 values. 

On annual time scales, winter stom Eequencies are roughiy in phase with the SOI 

between 1970 and 1990 and may correspond to El Nuio events in 1972, 1976,1982, and 

I987 but there is no reIatioo prior to 1970 or after 1990. Summer storm Eiequencies, an 

uidicator of hurricane frequency, show two peaks in 1989 and 1995 Loosely correlating 

with peaks in the wave record (Figure 5.5) but there is no close relation to sim1a.r peaks 

in the NA01 and SOI. Peaks in the three year ninning mean of summer wind kequency 

post-date the SOI and NA01 peaks and are doser together in time. 

Annuai wave Eequencies and heights show iittle relation to annuai wind 

frequencies and speeds, though the wave record is relatively short and does not include 

the 1954 to 1964 stormy period (Figure 5.6). Increased tiequencies of waves of mean 

daily signincant wave height greater than 3 m, corresponding to mean daily southeasterly 

to southwesterly winds, show elevated fkquencies and heights in 1978, 1983, and 1995. 

Annuai surnmer fiequencies show severid short peaks whiIe annual winter fiequencies 

show fewer peaks of longer duntion. Three year ninning means of summer ETequencies 

may be associated with La Nina years (e-g. 1975,1989) and three year nmning mean of 

winter fkquencies rnay be associated with EI Nino yean (emg 1982,1992). No 

association of waves and the NA01 is apparent. The lack of obvious correIatioa of Iocd 

winds and waves indicates the d u e n c e  of distant stoms. if these origuiate in the 

tropics, correlation with the SOI, an Uidicator of humkane fkquency, might be expected, 



Figure 5.5 Wave chnate at HaIifax between 1970 and March 1999. A) SOI. 
Monthy vaiues (Iight grey Iine), 12 month nuuiing mean (dark grey üne) and 3 year 
&g mean (thin bIack k e )  are shown. B) NAOL Annuai vaIues (points), 3 year 
&g mean (grey Iine), and 1 1 year rurining mean (bIack he) are shown. C) A m a I  
hguency of  mean daiIy significant wave heights greater than 3 rn durhg southeasterly 
to southwesterIy winds fkom Iune to November of each cdendar year. The solid line 
mdicates the 3 year mmhg mean. D) As in C but Eom January to May and December 
of each cdendar year. E) MaxÏmum monthly mgnificant wave height durnig 
southeasterIy to southwesteriy Win&. The dark h e  ùidicates 12 month nmnhg mean. 



Figure 5.6 Cornparison of wind and wave chates  at Halifax. Mazcimum 
monthiy speeds of southeasterly to southwesterly wkds, maximum rnonthfy 
significant wave heights during southeasterly to southwesterly winds, anmai 
fiequencies of mean d d y  southeasterIy to southwesterIy winds greater than 30 
kmm and annoal kquencies of mean daily signincant wave heights greater than 3 
m during southeasterIy to southwesterly winds are showa Dark h e s  on the 
Iowa two graphs show 12 month IZU1niIIg means, and on the upper two graphs 
they show 3 year nnming means, 



yet the relationship of hurricanes to the SOI is weak. Elevated equatoriai sea-dace 

temperatures (Le. El Nino conditions) reduce hurricane activity, but no strong reIationship 

is demonstmted with La Nina conditions. Hmicane formation may be more related to 

precipitation in the Sahel area of AEnca (Goldenberg and Shapiro, L996). 

in Florida, the period fiom 1870 to 1900 was an active hurricane period in 

contrast to the period fkom 1900 to 1920 (Doehring et ai., 1994). During the 1920s and 

1930s hurricane activïty increased and reached a maximum during the 1940s. Hinricane 

activity began to decline in the 1950s, although tropical stom activity remained high. A 

slight increase in hurricane activity occurred in the 1960s but activity was very low in the 

1970s and only slightly higher in the 1980s. Activity is considered to have increased in 

the mid-1990s (Goldenberg, et ai., 1997). This pattern appears to relate to neither the 

SOI nor the NAOL 

The lack of evident correIation between the NAOI, SOI, and annual weather 

patterns in the Maritimes indicates the complexity and nonlinearity of weather (cg. Essex 

et ai., 1987), and over larger spatial and temporal scales, climate systems (e.g. BIuemIe et 

al., 1999). Gyakum et al. (1996) reported the number of rapidly intensif@g cydones 

southwest of NewfoundIand since 1975 were highest duMg the winters of 1978, 1980, 

and 1992. The active period in 1992 was associated with a westward shift and deepening 

of the Icelandic Low and anomaious temperatures over Hudson Bay. These years show 

no correlation with the NA01 and are not shown as agnificant peaks in the annual 

fkquencies of southerly winter winds greater than 30 kmm at H a a x e  The meridionaI 

structure of the NA0 may not be  EiighIy indicative of the annual weather of the 

Maritmies, which has a strong influence 60m zond continental flow. TopfÏss (1997) 



suggested c h a t e  variability in the Maritimes indicates the influence of an additionai 

climatic system. Tt is not known if this reflects an infiuence from the Southem 

Oscillation, possibly in some dynamic relationship with the NAO, or an dtogether 

different c h a t i c  system. Future research on annual storminess variability might 

consider other indices using continental North American air pressures and the Icelandic 

Low. The relative temperature differences between air masses and water masses, 

particularly the Gulf Stream, may be important in cyclogenesis (Gyakurn et ai., 1996); 

h u r e  research shodd additiondy include investigation of sea surface temperatures of 

major currents affecting the Maritimes. 

The NA0 over decadd time scaies seems to be an indicator of storminess. Just 

pnor to the historicd Iow of the NA01 in 1964, the kquency and strength of winter and 

summer storms increased. DeIure (1983) proposed that the penods Corn approximately 

1635 to 1723 and 1798 to 1873 were aiso stormy periods; a Iengthy NA01 derived fiom 

Greenland ice cores (Appenzeller er al., 1998) indicates lows in the NA01 deeper than the 

Iow in the early 1960s dlning both of these periods. 

5.4 Relative Sea-Level Rise at Hafifax 

The major cause of relative sea-Ievel (RSL) nse at Halifax over geologicd t h e  

scdes is rdated to the glacio-isostatic subsidence of HaMax. Approximately 1 1.6 I 0. 1 

ka, sea Ievel at HaIifax was 65 m below present (Stea et ai., I994) and the Halifax 

Penmsula was situated atop a peripherai bdge (QrrinIan and Beaumont, 198 1) that 

formed in response to asthenospheric ffow away fiom a center of ice accumulation in 

Quebec (Rampton et al., 1984; Stea, 1995). FoIIowing abIation at the accumufation 



centre, the buIge has been migrating West and decaying in elevation resuiting in 

subsidence of Halifax and relative sea-Ievel rise. During the Iate rnid-Holocene, changes 

in the volume of seawater in the oceans foilowing meking of the ice sheets may have 

added significantly to relative sea-levd nse in Nova Scotia (Scott et al., 1995). 

Over decadd time scales, however, significant variability in rates of sea-level rise 

occurred. Since 1896, the Halifax tide gauge records stepwi-se relative sea-level rise 

between 0.8 and 8.0 d a  with a cumulative rate of 3 .O mm/a to 1998 (Figure 2.16). As 

decadal variability rnay contribute to coastai eroàon and uistability over decadal time 

scaies (PCC, 1995; Forbes et ai., 1997; Carter et aL, 1989; Orford et ai., 1995; Kaplin 

and Selivanov, 1995), M e r  discussion of possible causes of decadai variability is 

merited. 

Decadai changes in the rate of RSL rise occur over the background of glacio- 

isostatic RSL rise and either accelerate or decelerate this rate of change. Two processes 

may r e d t  in stepwise changes in the rate of RSL rise on the East Coast ofNorth 

Amerka The first is steric or thermal change in sea level, which is generally thought to 

occur over longer than decadd time scales (van de PIassche et ai., 1998), and the second 

is the decadai oscillation of sea Ievel across the North Atlantic, resuking in out of phase 

but coincident sea leve1 changes in Europe and eastern North America (Groger and Plag, 

1993; Iwabuchi et al., L997). 

GrBger and Plag (1993), using data f?om the Permanent SeMce for Mean Sea 

LeveI set of tide gauges, noticed strong regiond variability in sea-Ievel trends, 

particularly in the No& AtIantic, between 1951 and 1989. Iwabuchi et ai. (1997) M e r  

demonstrated this variabiIity- Between 1967 and 1972 and 1978 and 1984 sea 1eveL was 



dominantly rising on the eastern coast of North America and fdling in Emope, while 

between 1972 and 1978 and 1984 and 1990 sea level was dominantly f W g  on the east 

coast of North America and rising in Europe. Rise and falI occurred at rates up to 

approximately 5 mda, which approaches the magnitude of sea level change reqtired to 

suppress 10 cm of nse over 25 years at Halifax. Iwabuchi et al. (1997) m e r  showed 

that mass redistributions caused by this pattern of sea Ievel change could cause decadal 

polar wobble and Zhou et a&. (1998) found Sgnificant coincidence of the NA01 and polar 

wobble. 

In a more detailed snidy, Plag and Tsimplis (1999) investigated the annual and 

sub-annuai variability in modeled sea levels in aorthem Europe. A change in variability 

occurs after 1970, conesponding to the decrease in the rate of RSL rise at Halifax. Plag 

and Tsimplis (1999) concluded that annual variability in sea level may be caused by 

atmosp heric forcing. 

The NAOI, SOI and historical sea level at Halifax are shown in Figure 5.7. Sea 

Ievel appears to rise rapidly as the I 1 year rmming mean of the NA0 decreases d e r  1920 

and the rate of RSL rise appears to decrease as the NA0 reaches a minimum in 1964. A 

time lag of approximately 5 yean is apparent. No association of sea IeveI trend and the 

SOI is apparent. 

This treatment of a cornplex process is admittedly smip tey yet may i11ustrate the 

dependence of decadai changes in the rate of RSL rise on atmospheric processes. As wiII 

be M e r  discussed, this has important implications for studies of shorelines. Decadai 

trends in storms and stomiùiess have usudy been considered independent of decadai sea- 

leveI nse, however, ifboth are related to the NAOI, it is no coincidence that they occm 
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Figure 5.7 Monthiy (grey he), 3 year running mean (thin b 1 ack be),  and 
1 L year nuuiing mean (heavy biack Iine) values of the SOI. Annual (points), 
3 year ninning mean (grey h e )  and 1 1 year nmning mean @Iack Sie) 
values of the NAOL Mean annual sea Ievel (points) and 3 year nimiing 
rnean (black the) at HaEifax. 



together. The rate of RSL is apparently again accelerating at Halifax; it will be 

intereshg to see if future trends are consistent with those noted here. 

5.5 The Historical Evolution of the Thrumcaps 

The evolution of Thrumcap Hook, Thnmicap Shoai, Big Thnuncap and Little 

Thrumcap has been outlined in Chapters 3 and 4 and will be reviewed here. His toh i  

charts and airphotos are shown in Figure 42, and summarized in Figure 5.8. Retreat rates 

and volumes supplied are given in Figure 5.1. 

Charts nom 1758 and 1759 (Cook, 1758; Moms and lefies, 1759) show 

subaeriai exposures of either glacial or beach deposits on Thnuncap Shoal and an 

adjacent stony beach. Little T h c a p  was n e d y  connected to ThruIncap Shoai and Big 

ThMncap was rounded at its seaward end. By 1776, if the chat by Des Barres (1 776) is 

accurate, Thnmicap shoai had ceased to support subaerial deposits, which had been 

reworked to two transverse ridges. Erosion of LittIe T h c a p  since I759 was 

significant, but, though low bIuffs are charted at Big Thnuncap, Iittle change in shape had 

occurred. Thnimcap Hook downcirift of Little Thmcap was weICdeveIoped by 1776. 

By 1853 (Bayfield, 1853), retreat at Big Thnrmcap had transformed the rounded 

seaward end to an asymmetnc neede-like promontory and LMe Thrumcap had been 

eroded on its western flank to a Long, thin remnant dnunlin. The two transverse ridges 

were stiU present at Thnimcap Shoai and were delivering s e h e n t  to a beach that 

deveIoped between Little Thrmncap and Big Thrumcap. A tidd c h d  cut this beach 

near W e  Thnmicap, and several more were present at the northem, landward end of 

Thrmncap Hook, dthough these were dry at low water. 
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Figure 5.8 Schematic diagram of the hist0rica.i evoIutionofthe 
Thmmcaps and DoyIe Beach since 1759 relative to the 1997 
shorelinet 



Maps and charts from 1867 (Rowe, 1867), 1886 (Akers, 1886) and 1915 (War 

Department, 1915) show the beach between Littie and Big Thrurncap to have two 

p r o d e n t  points where the transverse ridges connected to it (see dso Figrne 4.3a). By 

1945 these had been eroded and rather than a tidai channel near Little Thrumcap, a new 

tidal channel had formed in the central portion of the beach between the former points. 

The beach had retreated approximately 150 m since 19 19. Little change is apparent 

between 1853 and 1945 at the northem portion of Thnmicap Hook aside Eorn a graduai 

inf ihg of the tidal channels. Between 1853 and 1945 little change occurred at either 

Big or Littie Thnimcap pnor to 1954. 

Retreat at Big Thrumcap began again between 1945 and 1954 (Figure 5. I ) as the 

eastem portion of the beach between Big and Littie Thnimcap migrated rapidly north 

dong the Bank o€Big Thnimcap exposing the promontory to wave attack. Lines MLSA 

and B were still not directly exposed and show only srna11 increases in retreat rate. The 

average rate of MI 4, M 15A and MI SB shows even Iess inctease (Figure 5.1) because 

ML4 did not retreat significantly until aRer 1992. Dm's  Beach migrated rapidly 

landward during this period. Thnimcap Hook appears to have deveIoped larger overwash 

channefs since 1945. 

By 1960 the beach beîween Little and Big Thnuncap had been almost compIeteIy 

submerged. Rate of retreat at Big Thnimcap mcreased as a ness migrated noah of MISA 

and B. By 1966, the promontory had retreated considerabIy, become more rounded and 

spit formation had begun at the north end of Big Thrumcap. Littie Tnnmicap was 

exposed to direct wave attack Eom the south; Littie Thrumcap and the northem end of 

Thnmicap Hook eroded considerably between 1960 and 1966. 



By 1982, two of the washover channels in northern T h m c a p  Hook were uinlIed, 

the washover channel north of Little Thnmicap became well estabiished, and Little 

Thnuncap was completely eroded. Retreat at Ml SA and B reached a maximum while, 

due to slumpbg and an indistinct bIuEedge, retreat at ML4 was negative. Spit 

progradation continued at the north end of Big Thnimcap across a shaiiow till shore 

pIatFiorm. M e r  1982 a period of stabiIity ensued to 1997, characterised by decreasing 

bluff and beach retreat rates. M e r  1997, however, bluff retreat accelerated, mainly at 

ML4 aithough aiso at M15A and B. 

AcceIerated retreat after 1997 was measwed at several Iocations on McNabrs 

Island, but this result should be interpreted with caution. Field measurements were made 

over a period of only two years, as opposed to measurements fiom airphotos, which 

represent averages over ten years or more. Because bluff retreat occurs episodically, 

longer time averages give more representative retreat rates. 

5.6 Discussion: Causes of Coastal Change at the Th mmcaps 

The following discussion considers the histoncal records of stomiuless, sea level 

change and sediment supply, as they relate to rates ofcoastal change. The impacts and 

relative importance of storminess, sea-level rise and sediment supply on rates of coastai 

change are discussed. 

Mer the submergence of what was most IikeIy beach deposits (see Section 4-4) 

on Thmmcap ShoaI between 1759 and 1776, sedùnent was fed to the beach Iandward of 

Thrumcap Shoai by transverse ridges. In response to initidy abundant sediment suppIy a 

stabie b d e r  beach formed. The presence of washover channeIs at the noah end of 



T h c a p  Hook uidicates that no agnificant sediruent fkom Thrumcap Shoal or the 

erosion of Little Thnimcap was being deposited here. As this was a period of fair- 

weather (DeCure, 1983), the relative stability durkg this t h e  penod is thought to reflect 

abundant sediment suppIy to Thrumcap Hook under conditions of Iow stormhess; 

decadd rates of sea-level rise are unknown pnor to 1896. 

Between 1776 and 1853, the eastem side of Big Thnmicap (near M14) was not 

protected by the abundant beach sediment of Thnuncap Hook, and retreat that occurred 

there was likely caused by increasing storminess between 1798 and 1873 (Table 3.5; 

DeIure, 1983). As the stomy period ended, the bluffs on the east side of Big Thnimcap 

became inactive. WelI-vegetated bluffs are shown in Figure 4.3a and no change in 

morphology is apparent at Big Thnimcap until the 1950s. The south end of Thnimcap 

Hook formed between Big and Little Thrumcap prior to 1853, indicating continuhg 

abundant sediment suppty fiom Thnimcap Shoal. Increasing stomllness may have dso 

played a role in the formation of the beach and resulted in depletion of the sediment 

reservoir over Thnmicap Shoai. 

Increasing stomiiness causes higher waves and greater incident wave energy on 

both the beach face and the bluff toe resuiting in increased erosion and retreat (see dso 

Chapter 3). Ail other things being equai, accordhg to solitary wave theory, higher waves 

also uicrease wave-generated near-bed shear stress in the nearshore and increase the 

potentiai for neanhoce particle movement (Munk, 1949; Denny, 1995). increasing 

stonniness thus causes increased sediment supply Eom submerged sources over decadal 

thne scaies. hcreased mpply to a barrier occurs at the expense of hture supply, and, if 

the sediment source is discrete (such as Thrumcap Shoai), cm cause Funne supply 



Limitation. It is in this manner that the south end of Thnmicap Hook likely developed and 

the sediment reservoir at Thrumcap Shoal became depieted. 

The perhd f i e r  1886 was characterked by Iow stominess ami, at Least d e r  

1896, low rates of sea-level rise. These are, as  demonstrated by the period of Little 

morphologic change at Thnimcap Hook between 1853 and 19 19, ideal conditions for the 

stabiIity of subaerial portions of beaches. Conversely, Iandward transport of the 

submerged portion of barriers, that is, the shoreface sand sheet, may occur. 

The seasonai movements of sediment in sandy beaches are well known; sand is 

moved offshore by short, steep waves generated by local stoms in wuiter, and, is moved 

onshore by long period waves generated by distant storms during summer. This cycle 

may provide an andogy for the decadal-scde depletion of the shoreface sand sheet. 

Durhg fairweather penods with few local storms, sand may be moved onshore and 

during penods of 1ocaI stonniness, sand is moved offshore resulting in a Less steep beach 

profile and possibIy more extensive sand sheet. 

It is thought that the buildup of the south end of Thrumcap Hook reduced the 

grave1 sediment reservoir subrnerged on Thrumcap Shoal. With reduction of the 

reservoir, Les grave1 was overpassing the sand sheet and without protection of 

overpassing clasts, nez-bed shear stress generated by long penod waves during a 

fairweather period between approximately 1886 and 1954 acted directly on the sand sheet 

and caused inmased mobility. M e r  1886, sand began mfilling at Maughefs Beach. It 

has been proposed in Section 4.4 that the most IikeIy source of sand Ïs h m  the shoretàce 

sand sheet adjacent to T h c a p  Hook. The above discussion presents a possible 



rnechanism for enhanced transportation tu Maughefs Beach beginning at the t h e  of 

increased deposition obsemed on historic charts. 

No apparent retreat of the subaerial portions of -cap Hook occurred until 

after 1920. For reasons discussed in Section 5.4, after 1920, sea level began rapidly 

rising. This possiiiy resdted in overstepping and M e r  decreased sediment supply. 

Rapid retreat and morphologie change occurred at the south end of Thrumcap Hook untiI 

1954. Retreat at this beach was accompanied by moderate progradation at the northem 

end oFThnuncap Hook indicating some landward movernent of grave1 sediment nom the 

south end of Thnmicap Hook under rapidly rishg sea-level. 

Stormhess increased between 1954 and 1966 (Section 5.3). With contuiuing 

decreasing sediment supply and rapidly rising sea level, retreat at the south end of 

Thrumcap Hook proceeded rapidly until it was destroyed between 1960 and 1966. The 

northem end oCThnmicap Hook again pmgraded with Iandward migration of the 

sediment liberated from the south end of Thnimcap Hook. 

The period of stomilliess ended in 1964 and sea-IeveI rise decreased in rate in 

L 970 resulting in a shifl Fiom instability back to stability. With decreasing rate of RSL 

rise, wave-generated shear stress over the remnant south end of Thnimcap Hook 

mcreased, resulting in increased sediment supply to the north end of ï'hrurncap Hook and 

progradation and stabiIity through the 1980s and 1990s. Aithough this was a period of 

reIativeIy Iow storminess, the wave c h a t e  appeared to become more energetic (and 

apparentiy continues to do so), frnther mcreasing wave shear stress on offshore sources 

and maintainmg sediment suppty. Cornteracting increased sediment q p l y ,  however, is 



rke in sea level which accelerated after 1993. Overstepping of potentid sediment sources 

may result. 

With loss of the pmtective beach fronthg Big Thnmicap, bluffretreat at M15A 

and B accelerated &er 1954 and after 1992 at M14. The volume of sediment delivered 

by bluffretreat also acceierated after 1954 and peaked between 1966 and 1982 at 6465 rn3 

of gravel and coarser material and 6845 m3 of sand. The grave1 and coarser sediment 

fomed a migrating ness and the spit tniling Big Thrumcap but likely did not contribute 

significantly to subsequent development of Thnimcap Hook. The sand delivered by bluff 

retreat may have, however, in being added to the shore face sand sheet, p layed an 

important role in subsequent stabilization. 

Three mechanisms forcing decadal-scale coastal change have been discussed: 

sediment supply, sea-level rise, and stonniness. Major coastal change occurs when at 

least two mechanisms comcide, and is most rapid when al1 three coincide. The 

destruction of Thrumcap Hook was conditioned by dwindlbg sedunent supply d e r  1853 

and becarne rapid when sea Levei began rising rapidy d e r  1920. The h a i  phase of 

destruction occurred suddeniy when dwincUmg nipply, rapid sea-level rise, and increasing 

storrnhess coincided between 1954 and 1964. With relaxation of ail three factors, a 

stabIe barrier was re-estabkshed but at a more landtvard location. In the vernacular of 

nonlinear dynamical systems, over decadd the scaIes the basin of attraction and the state 

of the systern is controlled by a combination of chate, related sea-level rise, and 

sediment supp ly . 

Section 5.3 suggested that rapidly rising sea-lever and kcreased storminess may 

both be atrnosphenencdy controIIed The previous discussion of wave shear stress under 



dBerent rates of RSL nse suggests that decreasihg sediment supply and rapid sea-level 

rise rnay also not be independent. The interaction of dependent factors, possiiIy sharing 

feedback reIationships, uitroduces nodinear behaviour to the coastd systern. These 

factors, due in part to relationships to the noniiuear climate systern, ail show some degree 

of nonIuiear cyclicity. Cyclicity in behaviour of bmier beaches aiong the Coast of Nova 

Scotia may result and may be related to the NAO. 

This cyclicity depends on the position of the dynarnical equilibrium between the 

inter-dependent forcing mechanisms controlhg the state of the systern. Because of the 

relationships between forcing mechanisms, however, thek relative importance is dificult 

to ascertain and may change at a particular location over t h e  and be different between 

locations. At T h c a p  Hook, the behaviour ofthe barrier was f int influenced by 

decreasing sediment supply; subsequent rapid sea-Ievel rise exacerbated this and 

coincident increasing stomüness pushed the basin of attraction of the systern past a 

threshold of aability to a state beyond which negative feedback failed or positive 

feedback occurred, and bifurcation of the barrîer occurred. 

The potentiai impacts of global chnate change appear, on the Atlantic Coast of 

Nova Scotia, to not be restricted to sea-Ievel rise done; the relationship of stonnùiess to 

the NAOI uidicates changing s t o r ~ e s s  may result nom global climate change. The 

relationships between sea-level rise, storminess and the NA01 resuit in coincidence of 

forcing mechanisms or controhg factors. Frrrthennore, sea-Ievel change impacts 

sechnent mobility and sedlment q p I y  to b k e r  beaches. Change in gIobaI chnate 

could resdt m rapid change in b&er beaches and bluffs on the Atlantic Coast of Nova 

Scotia, 



5.7 Conclusions 

1) Storrniness, as ïndicated by wind and wave measurernents, is variable over 

decadai time scales. The most recent episode of increased storminess between 1954 and 

1964 corresponds to an historical low in the L 1 year mean of the NAOI, and was 

characterised by increasing strengths and Grequencies of winter and sumrner stom winds 

and a slight change in modal stom direction. Frequencies and strengths of summer stom 

winds have increased during the 1990s and signincant wave heights may show a similar 

pattern. 

2) The rate of sea-level rise is also variable over decadal t h e  scdes. Rapid sea Ievel 

nse (4.0 mrn/a) occuned nom 1920 to 1970 when it tapered to a rate of 0.3 d a .  Rapid 

nse may have started again in the Iate 1990s. Rapid sea-level rise may correspond to a 

p&od of decreasing values in the 1 1 year mean of the NA01 fiom approxirnately L 9 15 to 

1965. 

3) At Thnuncap Hook, decreasing sediment supply h m  sources offshore and Ioss of 

the shoreface sand sheet preceded rapid sea-level rise in contributhg to barrier beach 

overwash and destruction. Subsequent rapid sea-level rise and associated increased 

storminess caused rapid destruction of the subaed  barrier. 

4) The transition fiom barrier stability to barrier instability occurs not in response to 

a smgie forcing rnechanism, but În response to a change in the position of the dynamical 

equiliirium between factors affectïng stabiiity. The factors of decreasing sediment 

supply, rapid sea-IeveI rÎse and increasing storminess are not independent of each 0th- 



and may be related through nonlinear feedback Coincidence of factors may produce a 

bifurcation of the system. 

5) The decadd scaie impacts of climate change may manifest as accelerated sea- 

level rise. changing storminess, and decreasing sediment supply. These are ail shown to 

affect the behaviour of barrier beaches in the study area; climate change may cause rapid 

and widespread coastd change on the Atlantic coast of Nova Scotir 



Chapter 6 

Summary 

Bluffs in the McNab's Island area are formed in dnimluis composed rnainly of 

facies of Lawrencetown Till. Shear strength of the Lawrencetown Ti11 was show to be 

dependent on water content through power curve relationships. SrnaII increases in naturaL 

till water content cause large decreases in tiU shear strength, the property resisting 

erosion, and, in part, control the sub-annual to m u a i  retreat and erosion of bluffs. 

Retreat and erosion dso depend on the incident wave energy, the assailing force which 

promotes erotion. 

Over sub-annuai to annuaI time scales, storms were bund to be a major cause of 

bluffretreat and erosion. Storms are accompanied by precipitation, high winds, high 

waves and storm surges. Bluffs f i1  through episodic rotationai failm aad How 

processes, otten during stoms. Precipitation increases water content thus reducing shear 

strength, a process that may be exacerbated by increasing water content during penods of 

thaw. Wave attack at the b1uEtoe indirectly promotes bluff fidure by oversteepening 

dopes and removing toe support; reduction in shear strength at the blufftop cm then 

cause fdure. Recipitation and spray eIevate water content at the b l a toe  and render the 

till more susceptibie to erosion by waves drning storms. Foreshore erosion is a major 

concributor to bluffretreat. Where low shear strength tiII is exposed in the foreshore, it is 

eroded by waves and mobile sand and gravel. Foreshore Iowering mlts in Ïncreased 

wave energy and erosion at the bIufftoe promotkg bluffinstabifity, whereas beaches 

protect the bluff toe and foreshore Eom direct wave attack and pmmote bIuEFstabiIity. 



SIowIy retreating bIufEs have hi& beaches while rapidly retreating bIufEs have low 

beaches and exposures of tiU in the foreshore. Rapidly retreating bluffs appear to have 

been recently teactivated d e r  periods of stability in the 1980s. During periods of 

stability, subaerial processes resdt in decreased shear strength of the bluff and the 

development of face-paralle1 tension cracks and zones of weakness, rendering the dnrmlin 

susceptible to rapid retreat when wave attack is re-initiated or intensified. 

Over decadai time scaies natural and ;mthropogenic changes in sedmient supply, 

changing storminess and sea-level rise have caused variable rates of coastal change in the 

McNabrs Island area. The penod fiom L 759 to 1853 was characterised mostly by bluff 

retreat and Iandward movernent of sediment resulting in progradation of beaches. 

Between 1853 and approximately 1920, M e  coastai change occurred except at Barrie 

Beach, Noonan's Beach, and Doyle Beach which were mined repeatedly for gravel. Mer 

1920, coastal change began to accelerate, and peaked, in particuhr at the T h c a p s ,  

between 1954 and 1966. M e r  1966 Iittie change occurred although possibIe increasing 

stominess and accelerated sea-Ievel rise may contribute to an apparent increase in coastd 

change in the 1990s. 

Sediment is supplied to gravel beaches rnaidy by retreating bluffs, barrien 

subject to overwash, and beach deposits submerged offshore drrring transgression. Bluffs 

mppiy the ody new source of sediment, which usually foms srnaII mi*grating nesses 

adjacent to the retreating bIuff; al1 other sediment is reworked onshore during 

transgression. Where sediment is plentifid, beaches form and protect till bIufEs and 

foreshores and d u c e  rates of coastal change. Beach mining is considered a Ioss fiom 

the sediment budget and beach and bIuff retreat m the study area agnificant Iy accekated 



d e r  mùùng. Sediment supply at the Thnmicaps at the southwestern end of McNabls 

Island, is arguabIy lunited not due to direct Ioss of sedimeut by mlliing, but by slowly 

dwindling sediment supply nom Tnnuncap ShoaI. Begllinllig before 1853, progradation 

of Thnuncap Hook decreased the sediment reserve on Thrumcap ShoaI and with Iess 

protective grave1 overpassing the shoreface sand sheet, waves were able to transport the 

sand sheet korn the front of the beach, increasing, in a positive feedback cycle, the 

susceptibility of the barrier to friture destruction. 

Relative sea-level rise is o c c u r ~ g  at Halifax in response to global eustatic sea- 

level rise and isostatic subsidence foUowing deglaciation. Considerab le decadd 

variability in the rate of sea-level nse may be related to the 1 1 year running mean of the 

North Atlantic OsciIIation Index. Sea-level was nsing rapidly between approximately 

1920 and 1970, causîng accelerating retreat during that period. At the Thrumcaps, which 

by ihis t h e  were disposed to retreat due to loss of the shoreface sand sheet, barrier retreat 

accelerated tirst in response to accelerated sea-level rise between approximately 1920 and 

1955, and second in response to increasing storminess and contùiued rapid sea-IeveI nse 

fiom approximateiy 1955 to 1964. 

Increasing stomiiness is aiso important in causing accelerated coastal change. 

Incident energy is increased at the shoreiine, r e s i s ~ g  force is decreased, and water levels 

are elevated. Storminess, like relative sea-Ievel rise, is dso related to the 1 1 year ninning 

mean of the NAO. Between 1954 and 1966, the fkquency and strength of whter and 

summer storms increased. At the Thnuncaps, rapid bluffretreat and the ha i  destruction 

of a barrier resuIted. FolIowing 1964, stomllness decreased, and the remnant south end 

of Thrumcap Hook mpplied enough sediment to support a smalIer barrier beach. 



Stability redted but rnay be short-iived as sea-IeveI rise appears to have accelerated and 

storminess rnay have increased through the 1990s; bluffs appear to have been reactivated. 

At least two other stormy penods have occurred on the AtIantic Coast of Nova Scotia, one 

between approximately 1635 and 1723 and one between approximately 1798 and 1873. 

HistoricaI charts show the latter rnay have caused significant coastd change. Both 

periods are represented by deep Iows in a proxy NA01 denved nom oxygen isotope 

records h m  GreenIand ice cores. Estimation of bluffretreat rates based on extrapolation 

of historical retreat rates measured fiom airphotos is, however, problematic because of 

the effects of vegetation and hezing on bluff retreat rates. McNab's Island has been 

de forested repeatedly suice the mid- 1 700s and retreat Iikely accelerated fo llowing 

deforestation suggesting histoncai retreat rates rnay be higher than ptior to the mid- 

1700s. Cooler temperatures rnay increase the effects of freeze and thaw cycles on bluff 

retreat and cause accelerated retreat relative to the warmer periods during which historicai 

retreat rates are measured. Retreat during the cool 1800s and the Little Ice Age in the 

mid- 1600s rnay have been accelerated. 

Decadd scale coastd change is not caused by the variation of a single Factor but 

occurs through the mteraction of sediment supply, sea-Ievel nse and storminess which aII 

Vary over diverse time scales. Sedmient suppIy is indirectiy related to sea-kvel nse and 

storminess. Near-bed wave-generated shear stress acts on nibmerged sources longer 

under slowly rÎsîng sea leveI and is highest mder large waves. Periods with low rates of 

sea-level rise, as occurred nom at Ieast 1896 to 1920, cause depletion of sediment m 

of%hore reserves because waves cm act on sedenent reserves for a longer perïod of t h e  

than under rapidy rishg sea Ievel. As it is sediment supply that determines the elevation 



of the beach crest and hence susceptibility to washover, decreasing supply increases the 

sensitivity of the bamier to accelerated sea-level rise and increasing storminess. A slow 

process of morphodynamic development during slow sea-Ievel rise may be terminated by 

rapid destruction and retreat of barriers unda increased stomhess and accelerated sea- 

Level rise. Morphodynamic conditioning to rapid beach retreat hcludes depletion of 

reserves of offshore sediment and Ioss of the sand sheet, while bIuffs are 

morphodynamicdly conditioned by subaerial processes which raise water content and 

lower shear strength of the blufFforming till. 

Sediment supply, sea-Ievel nse and stomiiness are not independent. Both sea- 

level rise and storminess are related to the North Atlantic OscilIation and display changes 

Ui behaviour during the historicd minimum in the NA0 Index. At the time of this 

minimum in 1964, storrniness was high and sea-Ievel nse rapid, but both decreased d e r  

1970. Additiondly, both storminess and sea-leveI nse affect sediment supply by 

increasing the rate of bluff retreat and the transport of sediment fiom offshore sources. It 

is usudy when suppIy Limitation, rapid sea-Ievel rise, and increased stomiiness occur 

together that naturd rapid coastal change and barrier beach destruction results. 

Beach mining or dredging causes anthropogenic change of barrier beaches by 

Lowering the elevation of the beach crea The barrier becomes suscephble to overwash 

by srnaII waves and is rapidy destroyed Rapid sea-level rise and increased stomiiness 

are, in this case, not required to mduce rapid coastai change, but beach mining and 

dredging can be considered a reduction in sediment supply. Coincidence of rapid sea- 

Ievel rise, increased storminess and sedunent mpply limitation is not required for barria 

beaches that have been subject to minhg or dredguig to experience rapid destruction. 



The relationships between sediment supply, sea-1eveI rise and storminess produce 

nonlinear and cyclicai behaviour in the evo lution of drumlui shoreluies. As these tbree 

factors are variable and interact over diverse t h e  scales some cyclicity in behaviour of 

barrier beaches may result. The period h m  1873 to 1964 rnay represent a recent 

complete cycle of slow morphodynamic evolution terminahg in rapid coastai change. 

Investigation of longer records containing multiple cycles of stormiuess and coastal 

change are required to address questions concernÎng the cyclicity and penodicity of 

episodes ofrapid coastal change. The dependence of coastal evolution on climate 

indicates the importance of global climate change as a control on fiiture rates of shoreline 

change. 

While precise prediction of future coastal change is dificult, first because of the 

number of factors that control coastai evolution, and second because OP their inter- 

relationships, the results of this study indicate that accelerated sea level rise and 

increasing stomhess, if associated with global cIimate change, wiIl cause rapid retreat of 

dnimlin shorelines Iimited in sediment supply. Beac hes rnay experience overwash and 

landward migration causing rates of bluff retreat to locdy increase or decrease. Where 

bluffs are protected by migrating barriers stability will result, but with continued 

Iandward barrier migration, blufEs may becorne exposed to direct wave action and retreat 

rates rnay accelerate. 
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GSC159 TOP 
GSC159 BASE 
Mi24 
GSCl6O TOP 
GSC16O BASE 
M l  3-1 
GSC161 TOP 
GSCI618ASE 
Ml4-t 
M i 4 2  
MISA-AP TOP 
M l  5kAP Base 
M l  5A-1 
M158-AF 
M15B-1 
GSC164 TOP 
GSC164 BASE 
Mt7-1 
GSCI66 TOP 
GSC166 BASE 
MW1 

.. . . - . - - . . -. 

Provincial Benchmark 
Reference Station 
Reference Station 
Reference Station 
Mt-AP 
Mt -AP 
base wood stake 
base wouâ sbke 
base rebar 
base rebar 
base wood stake 
M4-AP 
M4-AP 
base wood stake 
base rebar 
base wood stake 
base rebar 
base wood stake 
base w m d  stake 
base rebar 
base wood stake 
M8-AP 
M8-AP 
base wood stake 
M9-AP 
M9-AP 
base wood stake 
M1O-AP 
M1 O-AP 
base wood stake 
Mt 1-AP 
base wood stake 
base wood stake 
M12-AP 
M l  2-AP 
base wood stake 
M I  SAP 
M l  3-AP 
base wood stake 
M14AP 
M14-AP 
base Wood sbke 
base wood stake 
top rebar 
base rebar 
base waod stake 
base wood stake 
base wood stake 
Mt 7-AP 
Mt 7-AP 
base wood stake 
Mtû-AP 
Mt&AP 
base wood stake 

Identifier 
N S-5719 

eodetic datum, 
Northing 

4941 154.29 
Type 

Provincial Benchmark 



GSC165 BASE 
Ml94 
LI-AP 
Lt -1 
L2-AP 
L2-1 
L3-AP 
L3-1 
L3-2 
L M  
L d l  
L5-AP 
L5-1 

M19-AP 
base Wood stake 
stump, fandward side 
base wood stake 
stump, seaward side 
base wood stake 
rtump. landward side 
base wood stake 
base wood stake 
base wood stake 
base wood stake 
base wood stake 
base wood stake 

Identifier 
GSCt65TOP 

Type Eàsüng Norttiing Elevation 
MIS-AP 45864743 , 493892569 







- 
Inte tfoc - 
11 -92 
10.59 
10.07 
10.10 
9.80 

11 .a0 

10.96 

10S2 

6.64 

9.96 

10.99 

t0.49 

9.15 

9.53 

10.07 

9.47 

9.99 

9.76 

10.61 

11-25 

10.81 

10.63 

15.12 

11.36 

10.83 

8-81 

1 0 a  
11-39 

7-64 

13.43 

11 -22 

13-74 

1200 

18.65 

204 



'a) 
foreshore 

2292 



Sampk # 
MW3A 
W 3 B  
M5+5A 
M M B  
M5+5A 
M M B  
MW2A 
MS2B 
M5+20 
MS.+1A 
MWlB 
M5+0 

M5+2A 
M5+2B 
MSMA 
MW16 
MB2A 
M5+26 
MWtA 
M5+1 B 
M5+1A 
MW1B 
MW2A 
MW2B 
MWlA 
MW1 B 
MS+tA 
M5+1B 
M5+2A 
MW20 
MW1 A 
M5+18 
M m  
M5MB 
M52A 
B 2 B  
M*tA 
MWtB 
M56A 
M M 6  
M S t A  
W 1 B  
M5+20A 
M5+20B 
M3+20 
M2+3û 
M2+10 
Mt* 
M1+30 
Mt+% 
Mt*B 
Mt* 
M t 6 0  
Ml- 
M1+5B 
Mi% 
M?+5B 
M1+5A 
M1+5B 
M1+5A 
M t e B  
Mt= 
Mt60  
Mt+3A 
Mt+3B 
Mt+tOA 
Mt+lOB 
M t+2A 

Pa) 
foreshoce 

24.07 

70.58 



date 
la1 1198 
22/1 1198 
22/11#8 
w12i98 
0811Us8 
OSl12198 
08112198 
tY12198 
13/12/98 
tY12i98 
13/12198 
17/12/98 
t7112198 
1 1107m 
t 1101199 
1 1101m 
11101199 
1B101199 
18101199 
30101199 
30101l99 
121O2iW 
1 2 1 0 ~  
03/03/99 
03103199 
m3199 
23103199 
m3199 
23/03/99 
021Om 
02105199 
1010u98 
1 0 I o m  
1OX)5/98 
21106198 
21/06/98 
28108/98 
28108198 
13110198 
13 t 0198 
m~ima 
27110198 
0911 1198 
0911 l n 8  
lut l n 8  
5441 1198 
231 1198 
2211 5198 
08112198 
08112198 
t3Il2198 
131T2198 
1711 2/98 
l?IT 2198 
11nrl99 
1 t m m  
tmrl99 
18101199 
3(M]1199 
m î 1 9 9  
12102199 
12102199 
03103199 
03103199 
23103199 
23103199 
02105199 
02105199 

'a) 
foreshore 

8.29 
4.95 

25.91 
16-24 

66.76 
66.73 

78-74 
153.79 



1 =mPmJ 
daîe 

1 111 1/97 
12101198 
19/04/98 
19104198 
29/04198 
2 9 M 8  
10105198 
1- 
21106198 
2 t m  
05108198 
05108/98 
26108r98 
26/08/98 
02109/98 
02/09/98 
02/09/98 
2ûN9198 
20/09198 
20109198 
1310198 
1Y10198 
27110198 
27110198 
0511 1198 
O911 1198 
0911 1/98 
141 1198 
1411 1198 
221 1198 
221 t 1/98 
OBI12198 
0811 2198 

1 

1 Y 12198 
13/12/98 
13/12/98 
1 3il2198 
17112198 
17112198 
1 711 2198 
t7112198 
1 110 l a 9  
1 IIOliW 
1 lm198 
1 t10ta9 
t810t199 
tarot199 
3010 t 199 
m t n 9  
3ûiO 1199 
30101/99 
1 m m  
12102199 
0303199 
03103199 
23103199 
23/03(99 

23103/99 
2310399 
omm 
02105199 
f 111 $197 
lm1198 
12mt198 
29KW98 
29104198 
29104198 
IQ1W98 



Appendix C 
Bluff and Foreshore Erosion Data 

3Cuff Erosioi 

suwey date 
iIIW 

2611 1/97 
1611 2/97 
1210 4/98 
2810 'il98 
03102198 
28/02/98 
08103198 
10105198 
21106198 
05108198 
26108198 
0 1109198 
20109198 
1311 0198 
29110198 
0913 U98 
1411 1198 
22/11/98 
O8112198 
1311 2/98 
1 711 2198 
11/07/99 
18/09 199 
30101 199 
12/02/99 
O3103199 
23/03/99 
02/05/99 

11114+1 
2613 1/97 
1 611 2197 
12101198 
28/07/98 
03102198 
1 0102198 
t ?/OZ98 
28102198 
08103198 
29103198 
1 glMlQ8 
29104198 
1 OlO5l98 
21106198 
05108198 
26108198 

erosion 
(cm) btw 
survey 

upper mid lower 

days btw 
survey 

.. . -. 

erosion 
rate (rnla) 

upper mid lower 

4.563 4.563 4.563 





survey date 
erosion 
(cm) btw 
survey 

days btw 
suwey 

mean 
e rosion 

rate (mla] 







RMS 
enor (m) - 

964 





Appendix E 
B Iuff Retreat Data 

centcal date RMS e m r  
(ml 

1.89 
3.22 
226 
256 
273 
1.47 
1.94 
0.05 
0.05 

1.89 
3.22 
226 
256 
273 
1 -47 
1.94 
0.05 
0.05 

1.89 
3.22 
226 
256 
2-73 
1.47 
1.94 
0.05 
0.05 

1.89 
3.22 
226 
2.56 
273 
1 -47 
1.94 
0.05 
0.05 

270 
207 
3.54 
246 
204 
299 
2-69 
0.05 
0.05 

270 
207 
3 . a  
2 4 6  
204 
299 
269 
û.05 
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