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SCOPE ALD COHDRED
This study exanines a barricr island systien in

the Southera Gulf of 3t. Lawrence with the ohjective of

comparing it to other sysvems in Iorth America ond of

rr\

exanining indicators of tlie processes responsible for

ite formation. Like most barrier islend systems, this
one is undergoeing choreward retreat and digsection by
wind and wsve action. A study of sediment slize and shove
reveals that wind and wave processes are constantly over-
lapping each coiher in depositing sediments on the beaches
Since wave action dominates over the barrier island con-

figuretion, sinulation of the distribution cf wave energy

to the islands after refvaction was underizsiien to agrow that

many of the areas of the barrier undergoling change are
areas of heovy wvave attack. A cursory situdy cf the
stebility of the inlets bewvween the islands reveals thet
the chsnge in island configuration at these points may
also be due 10 the inability of the inlets to {lush long-
shore drifted material out of the inlet during a normal
tidal cycle.
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energy distribution of waves in the vay after wave refrac—
tion accounts for most of the long term change in the island
confizuration. This modelling emphasizes {ield work which
revealed that not all parts of the islands are affected by
the same storm waves, North-northeact waves have a better
chance of affecting the southern purt of the bay while nore
easterly approaching waves will only influence the northern
part., Over a period of time from 1894 to 1964, wave refrac-
tion modelling also shows that much of the chanze in the
configuration ol South Deuch can be accounted for by wave

reiraction over a changing offshore bathymetry.

storm wave action ithus accowts for most of the
change in island configuration bul the change around ine
inlets is moat Likely dependent upen the ability of these
inlets 10 maintain stubility at &ll times. Richibucto Inles
has achkieved a stable equilibrium between ihe strength of
the tidal currents passing through the inlet and the amount

-

of incoming 1longshore Jdrift, so that its position has re-

mained static over the last 30 years, It is unlikely that

Blackilands Gully or Little Gully have achieved this stability
J 3 )

Xxvii
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CEAPTER 1L
INTROLUCTION

The barrier islands of Xouchibovguac Bay, Hew
Brunswick (Fig. 1:1} offer a uanique area of study in the
Canadian Maritines in that they are simplified represen-
tations of the barrier idsland complexes of the Southern
Gulf of St. Lawronce., Yhe earliest paper on these barricr
islands was written by Gunong (1908), but his descriptions
of Kouchibouguac Bay are very dbrief. Jonnson (1925, p.

342) only uentions the Kouchibouguac Bay barrier islands
in passing, although his descripiion of the coastline of
the Southern Gulfi of S%. Lawrence remaing one of the most
complete woris atltemplied. The most recent paper on this
area is by Krenck (1967), who deals wilh the sediments of
Kouchibouguvac Bay. Her brief description of the beaches
and shoreline reprecentis the oenly significant work on
these barrier islands., One of the main purposes of this
thesie is %o provide a full description of this barrier
island system znd 1ts associated envivomment. To this end
Chapter 2 presents & detailed topograpnic descrivntion
of these islands based on field work ecarried out August

1970 and May to June 1971,

With these descriptions it is thus possible to
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to exanine the theme of thig thesis--tihe nature and causes

”z
&

of chan;

y
0!
O

n the Xouchibouguac Bay bvarriers, It is the
purpose of Chapter 3 to outline these changes using map,

air photegrapnic, surveyed and field evidence and to set

these islancs within the context of the literature for

barrier islands in the United Stateg gection of the Eastern

Worth Americon barrier island system. With this setting
£ the Kouchibcupguace Bay barriers, it is then possible
sing the bay's unique protected situation in %une Gulf of

St. Lawrence to describe gimply the processes responsible

for the change occurring here.

The presence of barrier islands offshore from a
coast has posed intriguing questions as to genesis., dJohn~
son (1919) presented the idea that barrier islands were

el

characteristic of emergent coasts and upward building off-
shore buys. The former idea has been regarded as an ob-
vious wisconccpiion since many barrier islands are found
on submergent coasts, but the latter point has been widely
accepted in North America and is still upheld in the
Russian literature (Leontyev, 1965)., Xing (1959, pp, 181~
185) has shown that an offshore bar cannot grow above
still water level or above water level in a tidal environ-
ment and thus Jonnson's complete explanation of barrier

island genesis must be regarded as incorrect,

W



Beaumont 45} originelly put forword the now

accented idea that barrier islarncs form o the regult of
landwsid movenent of wmaterial from ollfshore Ganong

(1908) dndependently came up with similar ideas as Lo the
gerneals ol barrier islands in the Southern Gulf of S4.
Lawrence but it wasn®t until Hovt's paper {(1967) ‘hat

the genssis was outlined fully. The present varrier
igland systems originaied at the lower sea levels of the
Holecene as coastal beachoes and spits wnich were able to
bulld up significant dunees and beach deposits., As sea
level rose the iand behind these dumes was flocded forming
lagoons. The beaches and duncs then underwent shorewerd
retreat as sea level continued {to rise. The barrier
ielanc thus represents a Jynamic equilibrium between the

alope of the land, the rise of sea level, and the inten-

sity of wave attack., If the rise of sea level or amount

of wave attock dlncreases the barrier island can be destroyed

offshore; on the otner hend 1f 1he rise in sea level de-
creases and the slope increasss the barrier islard will be
driven shorewards and bescome a land beach. The barrier
igland is thus one of the most dynamic coastal lendforms;

it is subject to continual change in configuration and

v

topograpny becsuse of its envirormental situation., The
berrier islands of Xouchibouguzce Bay, the Canadian Mari-

times, and the United States have formed in this way.
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The two main processes determining the present
position and form of barrier islands are wind and wave
action. Since it is impractical at this level of study
to measure these processes directly, indirect indicators |
must be used. The processes can act over a short period
of time (seasonally) or over a long period to produce the
changes which can be observed on the barriers. Since these
processes cannot act to any large degree without affecting
the sediments on the barriers, then the processes should be
reflected in the sediment characteristics. It is the
purpose of Chapter 4 to examine grain size in order to
characterize environments on the barriers and to indicate
the responsible processes. Chapter 5 is a study of the
shape and sphericity of the sediments as they relate only

to the processes acting on the barriers.

On a long term basis the study of sediment charac-
teristics is insufficient in explaining the changes in
this barrier system. Most of the change in configuration
is the result of wave action, which depends upon the en-
ergy distribution of waves in the bay. The above lends
itself well to simulation modelling. Chapter 6 is an at-
tempt at characterizing the energy distribution and ex-
plaining the change in barrier island configuration over

time using the theory of wave refraction and the construc-



tion of wave refraction diagrams.

Since most change on the barrier islends occurs
around inlets, this thesis will attempt, in Chapter 7,
to define the criteria of inlet stability using current
measures Irom Richibucto Inlet and the empiricael relation—
ships for predicting sgtability established in {the lidera-
ture. Bocause of the number of variables involved in
inlet stability this study will only be & cursory treat-
ment cf the subject, bul any discussion of chanze in this
barrier island system would be incomplete without knowledge

of inlet behaviour.

This thesis ie thus an attempt at studyving a bar-
rier island system with the intention of characterizing
the nature of &nd processes responsible for its genesis.,
The primery ovjzctive thrcoughout will be to describe a
section of the Cenadlan coastline that has been virtually
ignored in the literature. The secondary objective of
this thesis 1s the study of a barrier island system upon
which the results of other studies can ve wverified and the
body of knowledge of the processes responsible for these

systems can be enlizhtened.
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CHAPTER 2
DESCRIPTIONS OF BARRIER IBLAKDS

SETTIEG
a) Genera

The barrier islands of Xouchibouvguac Bay eare
situated at the head of the Norishwmberland Strait in
the extreme southwestern Gulf of 5t. Lawrence along
the north shore of Few Bruuswick between 46° 41' 4o
46° 53 north and 64° 44' to 64° 56 west (Fig. 1:1).
The barrier islands consist of 29 km of sand bheaches and
dunes running in an ars from south to north (Fig. 2:1
and 2:2), The ends of this system are semipermanently
joined to the mzinland, but the bulk ¢l the chain consists
of two dslands scparated from sach other by Blacklends
Gully end from the southern spit by Hichibucto Inlet
and from the northern apit by Little Gully. These three
inlets sre offchore from the three main rivers of the
area=-~the Xouchibouguacis, Richibucto and Kouchibouguac
respectively. The rivers themselves are entrenched and
small but open into estuaries 15 to 30 km from the ocezn,
and into shallow lagoons behind the barrier islands

(Fig. 233 and 2:4).

b) Geology
The dominant bedrock of the arez is a buflf,

7
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Pig. 2:1 Barrier islands of Southern Kouchibouguac
Bay.

Fig. 2:2 Barrier islands of Northern Kouchibouguac

Bay.



Fig. 2:3 Richibucto River Estuary

Fig. 2:4 Kouchibouguac River Estuary
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feldgpathic, masnive sandstone, with sone green silitstone
and vebtle conglomerate, of the Richibuctc Pormation,
Pictouw Group, Pernsylvanian Age (Gussow 1053), 1In places
along the Richibucto and Kouchibouguae rivers and at the
base of ¢liffs nesr Richibucto Cepe and Feint Sapin, the
underlying Scouduace Yormation is exvosed. The bedrock
though maesive breaks down readily when weathered and is
egsily ercded fyom the ¢liffs near the headlandg of the
bvay. This bodrocl ds covered by a layer, Jess than 1 n
thick, of sendéy $ill and ocutwach deposits which wvere laid
downt by the locally ncurished and regionally influenced

Appalachian ice complex of the Wisconsin glaciation

(Prest and Grant, 1969).

e) Land Stability
After glaciation much of the coastal land arsa wag

submerged below gea level and marine clays were laid down,
The land thern rose above neodern sea level with isostatic
rebound snd for the last several thousand yezrs has been
undergoing submergence. Grant (1970, ». 677) measured
the present rate of submergence at 25 cm per century at
Charlottetown, Prince Sdward Island, and there ig evidence
t0 suggest that the rise dn sea level has been subegtantisl,
Xranck (perzonal commmicaition idugust 18, 1070) chows evidence
of three wave built terraces in Kouchibouguac Bay going

down to 25 n and dating up to ©€,300 years bhefore present,
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Frankel and Crowl (1961, p. 352) Tound peat devosits in
Capsevmpeegue Harbour, Prince Bdward Islend at devths of

6.2 m below ser level, There are algo isolaied occurrences
of buried forests along the Northumberland Strait and Bay

-

of Fundy shores cf New Brunswick. The evidence suggests

overwielningly that the Xouchlbouguae Doy is cne of pressnt

subnergence.

) The Offshore Ares

Kranck (19€7) carvied out a detziled study of the
offshore area of Kouchibouguac Bay and found that the
bottom of the bay was made up of hedrock and gravel deposits
on topographic highs and sand devosits in topographic lows,
Most of the gravels are loczlly derived but foreign rock
types are common and probably have been deposited by
glaciation or ice rafting. The dominant sands in the bay

are quartz, feldspar, =20nd mica while the dominant heavy

&

minerals are hamatite msgnetite, zircon, tourmaline, garnct,
amphibole ané pyroxzeénes. The bathym etry for the area
conforms to the shape of the bay with threse shoal or ridge
areas protruding from the northernmest point of the
barrier, Blacklands Gully and Richibvucto Cape, Retween

the bay and Prince Haward Island there is a deep trough

up to 39 m deep which extends northwards into the Gulf of

St. Lavrence. A more detailed discussion of the bathym etry
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will appear in the chapter on wave refrsciion.

e) Wind Regine

Kouchibougvac Bay has a very limited fetch window
to winds from the Gulf of St. Lavwrence. The maximum feich
is 760 kam to the northeast-=22s5% northeast towards Wew-
foundiand and the Strait of Belle lIsle. To Anticosti in
the north northeast it is 320 km, but outside of these two
dirvections the felch is negligibvloe. It dis 64 km to the
northern tip of Prince Edward Island, and from there
southvards Prince Ldward Island effectively sheltersz Kou-
chibouguac Bay. For all other directions, the barrier
islands in Xouchibouguac Bay are sheltered by the New

Brunswick mainland.

The predéminant winds for this area based on
accunulative hourly date from Summerside, Prince Xdward
Island for the period 19%6 to 1970 (excluding 1958, June
1960, and May 1959) are from the south to northwest

(57.31% of 211 winds, Fig. 1:1). The two important

o

*

i

[
Woop
[e]

5

fetches have cnly 1 all winds and only 28,52% of

2ll winds come from fetches having any bearing on wave
formation for this area. Of these latter winds, 28,3736
will not be able to generate waves that can affect the

islands because of winter ice conditions in Januvary,
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February eand March. Thouzh ithe predominant winds do not

affect the wave regime of these heaches, the dominant

wind (the direction of maximum wind speeds) for each

4

% of the time from fetches affecting

»

month comes 406.2

-
It

N

the beaches of the bay. Iven though this area is not

exposed to nuch of the wind =affecting the wave regime the

Dot

phtrongest winds do effceet this regime. Though the fetch
window for winds generating waves is Limitced, after wave
refraction this window becomes slightiy larger. A proper
description of the wave regime lies outside {this chapter

and will be ountlined when the wave refraction patterns

for the bay src discussed.

f) Ice CGonditions

Mention is mede above c¢f the effect of ice corndi-
tions in the bay. A study by Forward (1%54) for a period
1940 to 1952 reveals that the beaches in this bay are
usually ice-bound by December 1%. From this time to about
mid-March, vack ice buildés up seaward into the Gulf of S%.
Lawrence and, depending'upon goring tempgeratures and wind
directicns, most of the ice is gone from the bay hetween

April 1 and April 25.

g) Tides
The tides in this study area have a minimal effect

cn barrier island topography. The bay is affected by two
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amphidromic centers,--one in the Northunberland Strait

poutheast of Cuay

—ad
kv
[¢3]

Richibueto and one nerithvwest of the
Magdalen Islands, sc thet the tides are semi-diurnal
(FParghuarson, 1962). ©he tidal range of these tides is
low and ranges to a maximum of .93 m with a mean range

of .67 m (Canadian Tide and Currect Tables 1971 v, 2 v, 7).

DETAILED DELCRIPTION OF THI BARRIER L1SLANDS

The following deseriviion is based upon interpretive
mapping end profiling fLrom the 1965 air photozravhs of the
barrier islends. The offshore bars, najor inlet channcls,
shoreline, bacishore beacncs, dune ¢liffs, dune ridzes,
overwash channels, and lagoon and ocean shoals were mapped
from paired air photographs using a radizl line plotter.
These maps were joined in a mosale tc produce & goneralized
descriptive map of the barrier island sysven from its
northernmest point to French Island in the south (Piz. 2:5),
The basic description of the islands is derived from this

map and added reconnaissance detail., In order 4o provi

Cu
o

& more detalled study of ithe sediments and topography of
the islands the four areas marked on Figure l:l as Beaches
1 to 4 were chosen to be representative of the islands as
a whole. %hese areas were mapped in detail from the ocean

shore to the top of dune crest and five profiles were taken

across each mapped area., (See Appendix 1 for details of
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construction of these four maps.) For cons istency the

each srea botween Beach 3 and 4 was also mapped in a

o

gimilar manner., The profiles on these seciions were
gsurveyed by levelling and tape measuring of distances,
Pench msrks were established for later reference using
1.8 m iron fense posts and profiles were surveyed at right
angles to shorve with reference to 2 compass bearing. The
profiles were spaced evenly apart but the actual nrofile
1line was chogern rendenly. ALl profiles are representativ

of the mapped beaches and of the actusl topography of the

beach,

a) South Beach

South Beach is the southernmost spit ard curves
westward from Richibucto Cape for a distance of 6.7 km
(Fig. 237). It consists of recurved dune ridses which
suggest growth of the ridges from Richibucto Cape westwards
up to the breakwall of Richibucto Inlet. The distal end of
the spit appears to have beén 2 separate island at one
time with growth of recurved ridges seawards from a point
300 m from the end of the spit. For the most part the dunes
are vegetated wilh marram grass but the older and lower
dunes towards the lagoon support mosses and some wild
roge shrubbery. The ridges are at present undergoing

landward crogsion with a cliff that ranges up to 2 m in
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Pige 247

Areal view of South Beach

Pig. 258

Eroding dune cliff on South Beach

s



neight (Profile 1, Fig. 2:6; Pig. 2:8). From this cliff
the dune xidges reach a helght of 8.5 m above low tide
at the front of the barrier, DBeczuse the dune ridges
overlap each other the rest of the duvne complex arppsars

ar

as low humzocky dune topography (Profiles 1 to 3, Fig.2:6),.

The major feature on South Beach is an infilled
irlet (1.5 m above low tide level) which once cut across
the main trend of the dune ridges. Whereas this barrier
igland is quite narrow (less than 200 m wide), the infilled
inlet merges into tidal flats up to 600 m from the ocean,
hese tidal flats are very low in relief (Profile 4 and
5, Fig. 2:6) and consigt of wind and wave generatcd mege-
ripples. The foreshore area of the lagoon borders on the
dune complex with little or no backshore, while the lagoon
itself is very shallow {less than .6 m deep) and, except
for an extension ‘towards Richlbucto Village, is never nmore

than 600 m wide.

The ocean beach consists of large cusps which
it the rip cell pattern developed in the single coffshore
bar, From the ccean the beach rises to & berm 1 m above
low tide znd thern extends 15 to 30 m to the erosion slip
in front of the dune ridge (Fig. 2:9; Fig. 2:11). The

backshore on this beach is usually above wave action and
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Ocean Beach on South Reach,

Areal view of Richibucto Inlet.
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for the most part in summer is widergoing 1ittle wave
action. The oocean beaches consist of medium sand {(1.6-
1.9%) which is well sorted (.33-.3%6{) while the dune and
lagoon sands are also medium sized (1.7¢) but slightly

less well sorted (.38-.41%).

b) Richibvacto Inlet

The dominant feature in the gscuthern part of the
islands is Richibueto Inlet (Fig. 2:10). This inlet is
the continuation of Richibucto Hiver and represents a
major north meander in its channel. The inlet is & maxi~
mum of 760 m wide and 1,200 m long. Hhe channel is banked
on the lagoon sides by two wide shoals whkich are breached
by two tidal distributary channels and banked on the
northern ccean side by an extensive shoal 600 m wide which
is the extension of the offshore bar system of North Beach
(Pig. 2:5). This shoal parallels South PBeach for 2.7 km
a% which point it is breached by the main channel. The
gheoal then continues as an offshore bar southeast parallel
to South Beaci., The naximum depth of the channel dis 12 m
in the lagoon but this depth descreases to 7.5 m in the
actual inlet and to as low as 5 m offshore from South Beach.
The inlet is contreliled at its mouth by menmade breakwalls
along the shore of North Beach, and by a single breakwall

running at a right angle to South Beach., O0f all the inlets
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in the bay thisz one ia by Tar the largest and most stable,

¢) North Beach
Worth Beach ie the 7 km long barrier island lying
between Richibucte Inlet and Blacklands Gully. It can be
broken down into two parts,--an area affected by Blacklands

Gully and an area not affccted by this inlet. ©he latter

-

.
15 a

eyies of prograding dune ridges that are very linear

e

and not recurved. The best example of progradation occurs
arcund Richibuveto Inlet where a series of eight dune ridges
have grown seawards in front of each other (Fig. 2:5).

This arez has the same sequence of vegetation as South

o

Beach., Worthwards the barrier island narrows to an average
width of 120 m and the dune ridges overlie others towards
the lagoon zs evidenced by buried soil horizons in dissected
areas. The dune ridge reaches a height of 9 m but the

front is undergoing erosion and has been pocketed by blow=
outs and vadly dissected in the past by storm waves (Fig.
2112, Pig. 2:%). The lagoon behind this section, except
for wsshover fans 1,100 n north of Richibucto Inlet, is

free of tidal flats and shoals. It increases in width
northvards and nerges from depths of 1 to 2 m into salt

marshes landward.

The dissected part of North Beach ends at an

infilled inlet which is slowly undergoing dune development
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Fig. 2:12 Dissected dune topography on North
Beach.

Pig. 2:13 General View of defunct inlet
on North Beach.



(Fig21l3). %his inlet was about 760 nm wide but is now inmw
Tilled 270 m across the island. IY consists of a2 series

of interloclking washover chéennels which drain into the
lagoon and betweon these channels are small dunes which

are protected on the ocean side by & partially continuous
ridge 3 m above low tide level (Profiles 6 and 7, Pig. 2:6).,
The tidal flats on the lagdon side of this area consist of
s50ft gends and ars usually covered with eaclh: high tide,
Rehind this area in the lagoon are the remnzants of the
tidal chennels and shoals which were associcted with this
inlet. The shoals consist of firm sand and extend halfway
aeross the 3.7 km width of the lagoon at this point. 4%
low tide they are less than .2 m below water while the

channels which cut through them may be over 1,2 m deen,

The dune ridges north of this area cre completely
different from those in the southern part of the island.
Though they arz siightly recurved, they are still linear,
but they ran at almost right angles to the ccean shore and
indicate growth of the island southwards (Fiz, 2:5). Near
the infilled inlet, the ridges recurve behini each other
(Profile 8 and 9, Pig., 2:6). The ridges are undergoing
erosion on the ocesn side with cliffs, reaciiing 4 m in
height, backing the ocean beach (Fig. 2:14; Zrofiles 9 and

10, Fig. 2:6}. At the back of the dune arez there is a
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Fig. 2:15 EBxposed marsh deposits at Blacklands
Gully on the ocean side of North Beach,
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low but prominent dune ridge which appears io be undergoing
ective accretion {Profiles & to 10, Pig 2:6) at right
angles to the older ridges. The dune ridges are stable

and covered in marremn grass which grows into wild rose
sh¥ulbery, mosses, and sedges on the older and lower ridges.
The ridges reach a helght of 7 m above low tide in the
south (Profile 9, Fig. 2:6) but decrease in height north-
wards., The iglund in this area reaches 3 maximurm width

ef %50 m but decreases norithwards towards Blacklaends Gully.
The northern rart of the islerd appears o be retreating
over marsh deposits which are now exposed on the ocean wide

of the beach (Pig. 2:15).

e}

The offshore area of MNorth Beach congists of & paral-
lel series of two or three bars wnich merse into the shoals
of Blacilands Gully to tre noerth and Eichlibuecto Inlet to
the south. Tihe inner bar is very continuous while the
second major ocuter bar is severed and discontinuous in
places. The ocean heach ouvtlined on Pigure 2:16 is roughly
representative of North Besch. This beach is indented
into the washover channels in the defunct inlet for a width
of 60 m but for the most part the bezcn here is only 15
to 30 m wide. The beach either lacks a bverm (Profiles 6,
7, and 10, Tig. 2:6) or else has a very small one which
ranges up to 1 m above low tide (Profiles 8 and 9, Fig.

2:6). The beach sands are again medium sized (1.6-1.80)
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intertidal sauds are slightly finer (L.7-1.84) but of
the same sorting (.38-.46@), North Beach has the same
range of sediment sizes as Douth Beach but there are
najor topograpnic differences in the more dissected dune
ridges end the more mature development of dune growth in

tne defunct inlet.

d) Blackiaads Gully

Whereos Nichibucto Inlet is an integral part of
Southlﬁeaﬁh, Blacklands Gully ranks as a major physiographic
unit. The present Blocklands Gully covers 2.6 xm of coast-
line thovgh 1t has ranged along 6.7 km of coastline as
indicated by defunct inlets in the adjacent barrier islands,
It ds offset avout L5 km southh of the present Xovchibouw
guacis River, and conglists of two main tidal charnels -
the northern one leading by a meandering channel into the
Kouchibouguacis estuary and the other bvifurcating around
a relict tidal delta intq Kouchibouguacis lazoon (Fig.
2:17 and 2:18; Fig., 2:%). This latier entrance joins up
behind North Beach with the relict tidal chennels from
the defunct inlet previously described., There is also a
dredged channcel joining it %o the Kouchihouguacis River.
Betweern the itwo entreites is a series of low sand islands

which according to air photograpn evidence (to be described
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Fig. 2:17 Southern part of Blacklands Gully

from the air.

Fig. 2:18 Air view of the m8in channel of
Blacklands Gully.

29



in & later chapter) was once part of North Beach. Threse
islands form the core of an ares of extensive shosla
(Fig. 235) wnich become very complex on the ccean side of
the inlets snd are often awash at low tide. These shoals
in the southern part of the Gulliy extend up to T60 m from

the cosstliine and in the north they take on the appzarance

of a distrivutery tidal delte arcund the inlet. Ths whole
conplex has been very unsitable over time., The inlets are
navigable for fishing boais but the depthe in the channels

rerely exceed 1.8 m at low tide with most of the channels

less than .9 m deep.

e) Beach 3

Lying beiween Little Gully and Blacklands Gully
is & 6.4 km long barrier dcslaend which respresents a hono-
geneous unit only slightly affected in the southernmost
part by Blacilends Gully. This island runs almost due
north and has & maximum width of 550 m, being widest in
the south and decreasing northwards., The dune ridges
of the island have evolved arcund two points,=--the {irst
of which is 670 m from Blaciklands Gully and consists of a

geries of seven recurved ridges which overlap towards

Blacklends Gully (Fig. 2:5). The northern ridges from this

point recurve into what is now an infilled defunct inlet

vhich s5%1ill has washover channels similar to the relict
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inlet on North RZeaech. {{rossing this inlet on the ocean
side is a dune ridge about 5 m in height (Profiles 11-15,
Pig. 2:6; ¥Fig. 2:19), The second center of dune evolution
is in the center of the barrier with old, discontinuocus
recurved ridges running outwards from this center. These
ridges recurves into three very prominent cuspate forelands
and arpear to ve the reason for the existence of these
features, 411 ¢f these dune ridges are pocketed with many

0ld blowcuils which are now vegetated, The vegetation on

these ridges is similar to the northern part cof Worth Beach.

The recurved ridges are non-existent in the northern part
of the island where only the main frontal dune and a very
small dune at the back of the lagoon exist (Fig. 2:20;

Profiles 13 to 15, Fig. 2:6). Alimost the whole length of

TS g PN
fiz, 2:5 and

the frontal dunes has undécrgone erosion (
2:19) s0 that a c¢liff with & nmeximum height of 3 m now
backs most of the ocean beach., Whersas the ¢liffs on

Soutln Beacn had #z large erosion slip slope, the erosion
glip slope is virtually non-existent here (Profiles 11

and 12, Pig. 2:6).

The offshore area has a single bar which starts
&t Blaciklands Gully and fades out over halfway up the
island. A second ridge overlaps this ridge halfway up

the island and continues towards Little Gully where it
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merges with sheals end two smaller offshore bars coming
from the island (PFiz. 2:5). The lagoon behind this islard
is dominazated by shoals from Blacklands Gully and shoals
which surround Kelly's Beach and continuve into Little
Gully. Kelly's Beach is the c¢losest point to the mainland
for any of the barrier islands (less than 120 m avay) and
the lagoon north end scuth from this point widens into the
Kouchibovguae and Kouchibovguacis Rivers respectively.

The shoals and lzgoon depths are similar to those behind

North Bazach.

®he ocean beach for this island ranges from 15
to %0 m in width and has a distinct berm 1.5 m above low
tide for most of its length (Profile 11, 13, and 15, Fig.
2:6). At the extreme northern end the dune area becomes
extinct and the islend ccnsists of beach which is over-
vashed during storms. The beach sands are medium-sized
(1.2-1.5¢) but only moderately to well-sorted (,35-,5€¢),
The effect of wind eroding the surface layers of these
bveasches is evident in the field from the presence of coarse
lag sands on the surface of the beach. The dune and inter-
tidal legoon sands are also medimm=-sized (1.4-1.6¢) and are

)

well-sorted (.39-.48¢). 'This barrier island is very similar
in topography to the northern part of North Beach but the
variety of features is not as great as on North Beach. The

general tendency of this island is for barrier topography
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2:20 Dune complex on Beach 3,

2:21 Areal View of Little Gully.
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to become less complex and more subdued northwarus towards

Little Gully.

£) Little Gully

The northern most major inlet in this barrier
system is Little Gully, This inlet, 210 to 460 m wide and
490 m long, is offset .8 km north of the Houchibcuguac
River (Pig.2:21). The 1965 air phologiaphy shows a shallow
entrance thriugn the boarrier island south from this inlet
(Pig. 2:5), but 1971 napving of the =res uhows no such
breach (Fig 2:19). The channel bifurcates inside the
lagoon with one mein chammel leeading to Kouchibouvguec
River and & second channel meandering and bifurcating
towards Blaclk River. A small distributary channel with a
tidal delta existso Jjust inside the lagoon on the north
gide of the inlet. The lagoon side of the inlet is ex~
tensively sard shoaled with depths less than .3 m at low
tide while the whole lagoon behind consists of very shallow
water over rud. The inlet ditsell averages 1.8 m in depth
but the main channel does obtain depths of 3.7 m. The
ocean side of the inlet consists of shallow sand shoals
which merge with the oflfshore bars from the beaches sur-
rounding the inlet, The main chzmnel cuts through the
center of this shoal area but a second distributary channel

cuts through the shoal along the shore of the southern

barrier islaad while a very small one parallels the northern
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spit. Of 2ll the inlets in the barrier system this one
represents closely the classic description of inlets out-
lined by Price (1963). The inlet, because of the shoaling,
is not stable but by no means does it approach the unstable

condition of Blacklands Gully.

g) The Northern Spit

The northern barrier is a semi-permanent spit
which curves from Little Gully 4.3 km northwards and merges
into a salt marsh on the mainland (Fig.2:5; Pig. 2:22).
The island narrows from 300 m in the south to less than
80 m in the north and the low dune ridges decrease north-
wards from a height of just over 4.5 m to less than 2 m.
These ridges reéurve at the southern end but for the most
part are subdued and linear with just a single ridge on
the ocean side and low hummocky topography towards the
lagoon (Profiles 15-20, Fig. 2:6). The dunes consist
mainly of marram grass and at present are undergoing fresh
sand accretion (Fig. 2:23). The evolution of these dunes
is difficult to interpret but it appears that there has
been only simple and slow development around a center 540 m
north of Little Gully (Fig. 2:5) with the rest of the spit
undergoing dune development and subsequent wave destruction

through overwashing (Profiles 19 and 20, Fig; 2:16),

The offshore area near Little Gully consists of a
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Pig, 2:22 Areal view of Little Gully and
the Northern spit.

Fig. 2323 Recent sand accretion on the dunes

on Beach 4.
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neandering ber which becomes ilinear and parcallel to the
shoreline northwords., The lagoon behind the spit is shellow
(less then 1.2 m) and up te .7 km wide. It consists of
snallow sand shoals which are awash at low tide behind the
barrier and vhich show evidence of ticdal chonnels along its
whole length (Fig. 2:5). The ocean heach is very cuspate

and hazs atlached bars extending offshore towards Little

:24). It averages from 50 to 80 m wide and

P

Gully (Pig.

i~

consists of several berms ranging from 1.5 to 2.2 n above
low tide (Profiles 19 and 20, PFig. 2:63 Fig. 2:24; Fig,

2:25)., 'The ocesn beachl sands are medium sized (1.6-1.7¢)
and well-sorted (.37-~.440) while the dune and intertidal
lagoon sunds are the szme size (l.5~1.7¢} but lecs well-

gorted {.41-,54F). The whole northern spit appears to be

A,

deminated in swmmer by wind erosion and deposition to @
greater degree than the other beaches. VWherees the other

islandg have dominant dune and relict inlet areas, this

w0

barrier is donminzted by the ocean beach and has little

in the way of a dune complex. The rcason for this differ-
ence is probadbly lack of sediment supply and as a result
this part of the bvarrier system is not abvle to provide

dune defenses against invndation by large storm waves,
£ J &

PROFPILING OF KOUCHIBOUGUAC BAY

In conjunction with the surveyed profiles which
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Fig. 2225 Ocean Beach on the Northernm spit.

Pig. 2:26 Echo sounding apparatus used in
profiling.

40
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were congidered to be representative of each segrent of
the barrier system, echo sounding profiles of the bay were
cerried out offshore from these profiles. Though Kranck
(1967, pg. 2253) showe variation in the offshore gedinmenis
of the bay, these offshore profiles can be considered
characteristic of long stretches of the ccastline, Wing
(1965) wag able to distinguish from echo wsracings the

texture of material by the shape of the bhottom surface

andé the degree of sound penetration. Using hnis descrin-

ot

ticng and correlating soundings m=zcde in Kouchibouguac Bay

1

with visual observation of the sediments, it wasg also

possible to distinguish sediment size along these profiles,

The sounding wazs done using a Kelwvin Hughes echo
sounder mounted on & small boat 2s illustrated in Rignre
2:26., The profiles were carried out seaward from the land
profiles and referenced 1o shore using & tacheometer bvearing
on the voat. Since the tacheometer position and beach
profile positions were mapped accurately (Fig. 2:11, 2:16,
2:19, end 2:24), the iracing could then be corrected for
scale by triangulation and interpclation. Since it was
necessary to have calm water conditions for sounding and
accurate positioning of the secaward profilesz, offshore

profiles for Profiles 2 and 3, South Beach had to be digre-

garded. The effect of the ebbing tidal current from Richi-
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bucteo Inlet over the offshore bar on Nofth Beach for those
profiles tended to drift the boat east of the profile line
so that trimngulation under the above scheme was impossible.
The profiles are drawn up and presented with a 1:50 verti~
cal exaggeration in Figure 2:27.

The profiles of Richibucto Inlet (Frofiles 1-5,
Pg. 2:27) show that the inlet is asymmetrical and obtains
a rmoximm denth of 5 m with sand to silt-sized material
onn the bottom. The inlet sides are guite steep and the
planed shoal off North Beach contains o very large volune
of sand. Even though this shoal protects BSouth Beach from
wave action al lower tides there is still a pronounced
offshore bar at 2 to 2.% n below water level on South
Beach. The shlioal also acts as a normal besch in the off-
shore area with development of a large offshore bar on the
ocean side.

The profiles offshore from North Beach suggest
that the barrier island is actually a shallow lens of sond
overriding the bottom of the bay. There is a sharp break
in slope at 1000 m distance from shore separating the sand
lens from a very rough bouldery boitom (Profiles 9 and 10,
Fig. 2:27 especially). Kranck (1967, p. 2253%) shows bed-

rock offshore in this area but the traces here revezal either
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very dissected bedrock or boulders, The offshore bars
2long this cozstline are very well-developed with twoe
distinct bars,-~one at 1 m depth and another at 2 m. The
trough between these bars is up to 4 m deep and at Profileg
G and 10 a smell bar nes developed on the bottom. The

sand size appsars to be decreasing gradually offshore with
the slope of the boitton decreasing from the second offshore

var. Much of the offshore area past this latter bar is

also covered with small sand waves to a maximum depth of

11 u for the bay, 2 km fromn shore.

fhe offshore area oppesite Beach 3 is a much steeper
beach reaching depths of 9 m within 1.1 m of shore. It
is also 2 nuch smoother area with some trace on the sou-
thernmacat vrofile (Profile 11, Pig. 2:27) of gravels or

sand covering the uvnderlying bedrock or boulders The

1

profiles are dominated by two offshore bzrs at depths

of 1~1.5 and 1.5-2.5 m, In the north thec major bar merges
into the shoal complex qf Little Gully (Profile 15, Pig.
2:27). The oifshore bars are very asymumetrical on Profiles
1% end 14 with a very gradual slope on the seaward side
compared to the shoreward side. Tor the most part the
offshore arez consiste of sand which becomes gradually

finer oifshore.

The offshore area of the northern berrier like the
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island is very subdued in relief, The bar is much shal-~

(¢

Jower here with a slope usually tapering off at a depth
of 7 to 8 my, 800 m from shore. There is only one major
ber at a depth of 1 to 1.5 m and the trough between it
and shore is only 1 m deep. The undulating surface where
the elope tapers off indicztes a thin venser of sand
covering a rougher surface underneath. Again the grain

gize of the material is decreasing rapidly from shore.

CONCLUSIONS

The barrier aand offshore profiles tcgether, and
in light of barrier island evolution, suggest a veneer of
sand 10 to 15 m in thickness overriding & very rough
bedrock or boulder surface, The offshore profiles all show
characteristic bar development and decrease in greain size
and slove from shore. These profiles also reveazl that
there is a sufficient supply of sand within the range of
wave action for movement of material up and down the beach
under constructive and destruciive wave action, The pre-
sence of sand waves on some of the offshore profiles and
the presence of overlapping berms on the northern spit
suggest that this process of sand movement was cccurring

at the time of profiling.

In comparison with other barrier systems in the
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southern Gullcef S+%. Lawreice the barrier islands of Kouchi-
bouguac Day offer a simplified scheme. The limited fetch
window filters out all but north to east northezst waves
and the duration of winds from these directions is limited,
In comparison to Hog Island, whichh is part cf the northern
barrier island chain of Prince Edwerd Island, Kouchibouguac
Bay has dune ridges which are less complex and doninating
and as much as 10 m lower in relief. The relict inlets
on *the Houchibouguace Bay islands are small and inmature
in develooment compared to the systens on Hog Island. The
vegetative sequence here is also less developed and the
aggoon systens behind the islands canmnot compare to the
size of Malpegue Bay, Prince Bdward Island, The implica-
tion is that the barrier islands beins studied here are
simplified versions of others in the Gulf. One of the
major difficulties of any study, complexity, has thus
been reduced here so that it should be possible to apply
the basic resulte of this study to the rest of the southem

Gulf.

If the thecory of barrier island growth is to hold
then there should be some evidence of change in island
position relative to shore over time. Some of the shifts
in inlet position and shape and the process of sand move=

ment on the beaches should also be evident over time., The



47

descriptions of the barrier islands and inlets presented

here all indicate changes. The next chapter will discuss
factvel evidence for these gross changes in barrier islend
configuraetion since 1800 and smaller seascnal changes for

the period 1970 fto 1971.



CHAPTER 3

EVIDENCE FPOR CHAXNGE IX THE CONFIGURATION AND TOPCGRAPHY
OF THE BARRILER ISLANDS

Since the descricvtions of the barrier islends of
Kouchibouguae indicate that the barriers are undergoling
form changes, tien it should be possible to pinzoint

ard meagure thooe cnanges using mwap, air photogravhic

and surveying evidencs. It has been vointed out previously

that the barriers in Kouchibouguac Bay ars characteristic
of the Scuthera Gulf of &t. Lavrence and in fact thsy are
part of the Eaetern hfaerican Barrier island eystem. The
litverature the United Stales part of this system shows
conclusive 2ly that these syatems are migrating shoreward
and are unstable geomorphic forms., Hoyt and Henry (1967,
P. 18) using corings found evidence of inlet migration
gouthwards on Sapelo Island, Georgia of up to 1 km with
truncated dune ridges on the nerthern part of the island.
In a later article (1971) they conclude that fhe varrier
islands south of Cape Hatteras are retreating landward

as evidenced vy the presence of lagoon deposits below

the dune ridges which here were indicative of non-pro-
grading coast. Dillon (1970) observed virtually the same
results for the Charlestown Pond barrier of Khode Island

but concluded thet washovers and lack of sediment supply

48



to replenish this sand after storm attack was the main
cause of landward retreat of this barrier. I+t shall be
the purpose of this chapter to show that the barrier
islande cf Kouchibouguac Bay are not unique in the Zastern

Horth American context.

FIDID IEVIDENCE ¥FOR CHANGE

The wachover fans of South and Norih Beach, the
recurved ridgss of the Qune complexes, the infilled tidal
inlets, the truncated ridges of the nortihern part of North
Beach, and the frontal duvne c¢liff all compare with
description of change on the United States systems; but
the field evidence for change is even more conclusive
than this descriptive evidence. The beaches at Richibucto
Head have overridienthe marsh deposits behind and these
deposits vere also exposcd on Worth Beach at Blacklands
Gully (PFig. 2:15) and this latter situation is repeated
on Hog Island,; Prince Idward Islend, where a much wider
island with higher dune ridges has overridden the lagoon
deposits. There is also evidence that the marshes on the
shorewerd side of the lagocon are being eroded. In the
spring of 1971 large peat masses were found on the tidal
flats on the lagoon side of the ncrthern varrier (Fig.
3:1)., This peat appeszsred to have been eroded from a peatl

cliff up %0 2 m in height along the mainland.
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Eroded marsh segments on the back

of the Northern spit.
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Not only was there evidence of rétreat of the
barrier but there was evidence for changes in the con-
figuraticn of the island as outlined by dune ridges.

On South Beach just north of Profile % there are the
remgins of an old wvharf sitting halfway acress the barricr
island while the mein dune ridge on North Becach contains
many remngnts of ship wreeks., Nails collected from one
wreck in a blowout on the lagoon side of the frontal dune
ridge were datved by Gerald Stevens (communication throusgh
Daryl Cook, May 16, 1971) as no later than 1840. The boat
could have been built before this time with these nalls
but the beaching of the boat had to occur hefore the {nurm
of the century since it is doupntful whether a beadt built

at this time could have lasted more than 00 years.

Other evidence suggesting only recent formation
of the main dune ridges occurs on the north side of the
main defunct inlet in North Beach. Here wood samples
were collected between two dume ridees (Fig. 2:16) and
sent for dating, but were refused because samples in
ginmilar environments were giving only recent meaningless
dates. A Sable Island, Nova Scotia sample dated 210 %

130 years while one in & dune in the barrier islands of
Prince Edward Island datel 130 b 130 years {communication
through §. B. McCann with W, Blake Jr., Janusvy 11, 1971).

There is air photographic evidence to suggest that the
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frontal ridge which trapped this debris (Profile 11,

Mg, 2:6) was built up within the last 40 years,

The presence of buried soil horizons on North
Beach also attestato the fact that the dune ridges of
the barrier island are changing. In several places the
g0il horizon had a definite 1 to 2 cm orgeanic layer and
2 vigible leached horizon which could only have developed
over & long pericd of time on @ stable dune xridge and
could only have been preserved when & dune ridge on the
gezan side of the barrier grew over top the back ridge.
Though this evidence shows rapid change in the position
and growth of the dune ridges the change in the barrier
island can be more drematic. In 1970 the northern barricr
was in fact a gpit joined to the mainland in the north.
However, in 1971, a tidal inlet cut across a low sectiocn
of the barrier where the dune ridges merged into wave
deposited sands. The inlet was about 30 m wide and had
low recurved ridges on the lagoon side, The storms in
the winter of 1970-1971 were, frcm local reporits, nothing
exceptional; yet a large and major change in the northern
barrier had occurred. In what manner, direction and with
what rates the barrier islands are changing can only be

examined by looking at recorded evidence,
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MAP EVIDENCE

The first accurate map of any of the barrier
islandes is the Des Barres chart of 1781 (Ganong 1897,
p. 347). This map shows the area around Richibucto Inlet
ags & single recurved dune ridge from the north and from
the east, surrounded by extensive shoals., This early
charting becanme the basis of further bathymetric maps
of Richibucto Inlet and Kouchibouguze Bay end their berrier
islands. (For a listing of source maps used in this thesis
see Appendix 2.) The earliest accurate map of the bay is
the Thowmas Wright Chart of 1807. This map shows the
barrier islands substentially different from the present
cnes. These differences are shown on Figure 3%:2 where
an srrow pointing to the barrier island from the lagoon
indicates the date of a msp showing & breach at this point
and an arrovw pointing to the barrier islands from the ocean
indicates infilling of a btresch at this point. The 1807
map shows & breach at the north end and in the middie of
the northern spit, at the site of Beach 3, in the area
of the presently infilled inlet north of Blacklands Gully,
ard on the south side of the present Richibucto Inlet.
The major accretional difference from the present barriers
occure at the extreme western end of South Beach which
wag joined to French Island. The present trend of relict
dune ridges on South Eeach supports this latter contention,

In 1807 the barrier islands as a unit were very digsected,
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The 1834 map by Herbert shows infilling of many
of the breaches present in 1807. The South Beach breach
is infilled and no longer are the barrier islands con-
nected to French Island., DNorth Beach has been infilled
to form @ continuous island up Lo the present mein inlet
of Blacklands Gully which has been opened since 1807,
The inlet above Blacklands Gully is still open but the
one at Beach 3 has been closed, The 1879 map in the
Atlzos of the Maritime Provinces shows infilling of the
inlet in the middle of the northern spit, and of +he
prasent wain inlet of Blacklands Gully., The defunct in-
let which was surveyed ag Beach 2 was opened by this
date. The southern section of the bay is now relatively
steble and by 1913 tne inled in the middle of the nor-
thern splt and the present main inlet of the Blacklands
Gully kad reopsned, By this latter date the inlet just
north of Blacxisnds had ciose&. The bathymetric maps
¢f the vay after this date appear to be based on the

1S3 map but by this time alr photography had heen flown

for the bay. assuning that this map evidence is zelotively

accurats, thess barrier islands have undergone very sub-
stantial breaching and infilling over & one-hundred-year
paricd with the Blacklands Gully and the northern spit

.

areas beling the most active and most unstable,

Following the Des Barres chart of 178l, the
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British Admiralty and the Canadian Hydrographic Service
carried out continuous bathymetric surveys of the area
around Richibucto Inlet. These maps consist of accurate
surveys of the shoreline and have the advantsge of com-
mon reference points through time. The 1839 map of this
areé shows progradation of North Beach around Richibucto
Inlet seaward while South Beach, as a slender spit, has
been growing westword. (The bathymetric change of these
maps will be discussed in the chapter on wave refraction.,)
By 1894 Souitn Beach had widened and North Beach had under-
gone ranid progradation. When both of these maps are
referenced to each other, Souith Begash appears to have
retreated shorewards at several points. By 1930 North
Beach had been stabilized by breakwalls at the inlet and
South Beach had undergone a nsjor breaching. The shore-
ward retreat of the barriers was still small but by 1969
Horth and South Beach had undergore landward retreat of
about 150 to 200 feet, Except for the inlet which has
rone slow infilling since 1930, the shore configura-
tion ¢f fouth Beach hag stabilized. The significant note
about these swmall scaled maps 1s the retreat of the
bvarriers suoreward and the growih of North Beach and
breaching of Jouth Beach. Based on these small scaled maps
and the larger scaled ones, these barrier islands have
undergone the.type of change reported for other systeums

along tre Atlantic Coast,
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AIR PHOTOGRAPHIC EVIDENCEH

Sequential air pnotography is a well-established
procedure for delineating change in coasts (Zeigler and
Ronne, 1957; Moffit, 19693 Langfelder, Stafford and Amein,
1870; and Stafford and Langfelder, 1971) and outside of
surveys over time, 1t is the most accurate means of mea-
suring and illustrating change. O0ften nzp evidernce can

be inaccurate and revisions often devend upon political

\

deciaglons so that the time span betveen wapping can he

prohivitive. Yet air photography itself is by no uneans

an abzoluts., The greatest dlnaccuracy in air vnotography

is the correcticn of reliel asnd tild distortions and the
g

assumpbtion of a continuwn betwean coversgces, With regard

to thie latter point, photogranis along this

o

section of
coastline nave been taken often encugh that ons can assume

that the direction and frequency of change is a conbinvum,

-

I & study is baszed on shereline change than often

to delinsate the
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exact snoreline in shallow waters; novever, the high tide
limit on & beach can be perceived gasily (Stafford and
Lanfslder 1971, p. 570). This limit was usad as the basis
for zhoveline dolineation in shallew water arezs, Relief
distortion was corrected using & radial line plotier;;

however, the veguired princiopal poinits necessary for this
¥ & J
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correction were often situated over water and could not
be precisely transferred to adjacent photographs. 1In
these cases the points were transferred under stereoscopic
viewing. Finally since sequential photography often in-
volves different scales between years the common scaling
of the changes beccmes a problem., Since the three areas
of photography mapped,--Richibucto Inlet, Blacklands
Gully end Little Gully, were either near land or had
distinct, permanent features, common reference points
could be placed on each set of maps which could then be
common=scaled using an enlarging-reducing machine., The
maps presented as Figures 3:3 to %:5 were constructed
under these limitations for the years 1930, 1944-45, 1959,
and 1965 where photography existed.

The variability of barrier and inlet position is
well illustrated by these maps for a 35-year period.
Though the 1930 photography was not available for Richi-
bucto Inlet (Fig. 3:3), this area has undergone little
change in the gross configuration of the islands. Since
1930 the breach on South Beach has undergone slow infilling
with the expansion of a tidal delta into the lagoon. There
has also heen growth of tidal flats behind North Beach,
but these flats have been eroded back by 1965, There was

gome progradation of shoreline on North Beach since 1944
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but this can be explained as beach recovery after storm
activity at the time the 1944 photography was flown,
¥What is more noteworthy on this map is the retreat of
South Beaen east of the breach--a retreat which could

only be made possible by erosion of the dunes on the

barrier.

Blacklands Gully is the most variable area since
19%0 ard it appcars somewhat chaotic (Pig. 3:4). In 1930
there was a breacn in North Beach with extensive shoaling
ard island formation on the lagoon side while northwards
the island is conitinucus to Gull Island with azain many

emall islands in the lagoon. By 1944-4%5, the breach in

o
(o]
=
;*:!:
rS
i-r-i
(.}

seach had narrowed considerably, the shoals had
disappesred, and there was shoreward retreat on the island.
A cecond inlet had opened leaving Gull Isiand in the

middie of Biacklands Gully. The northern inlet had also
narrowed as The tarrier island to the north grew southwards
end sesvards and the islands in the inlet area of the lagoon
disappeared., By 1965 the bresach in Worth Baach had closed
and the isolation and dissection of Gull Island from this

varrier wap hecomning more complete, The barrier north of

Llacklende had been eroded northwards but still continued
to grow S&&?l?dw. Whether the intense dissection and

gecretion arcund Blacklands Gully is unidirectional or
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cyclic is difficult to determine but the area is by no

means steble in disland configuration.

The Little Gully area has also undergone change
but it tends to be more ordered and unidirectional (Fig.
%35), The barriers for the most part here have been
undergoing shoreward retreat with only minor changes in
the lagoon arsa. The northern spit since 1930 has tended
to prograde southwards with its mazimum growth at the
digtal end in 1944-45. The greatest change has occurred
to the south of Little Gully where the barrvier island has
recurved since 1970 into the lagcon with the exception
of winor bresching, retreat and growth, It aovvears that
this area had undcergone the greatest chanze towards the
inlet with only minor fluctuations cccurring elseﬁhere.
This alilr photography offers conclusive and exact evidence
that this boyriler system is uwadergoing vermanent change.
is very pronounced around the three pajor inlets—-
Little Gully, Blacklands Cully and Richibucto Inlet and
more dramatic where the barrier island has been breached
and infilled, The seasonal nature of this change does
not apvear on sequential alr photography and can bhest ve
examined by locking at the area of the barrier most likely

mndergoing change~-the ocean beach,

61
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PROFILES

To this end, surveying of the ocean beach up to
the bench marks on the dune crest was carried out along
the 20 profile lines for the periods August 7 Lo 15, 1970;
May 9 to 11, 19713 and June 20 to 22, 1971. The weather
conditions at the time of surveying were characteristic
of the field season., In 1971, winds were prevalent before
and during surveying and in 1971, southwest winds had
dominated mueh of the six weeks between May 9 to dJune 20,
The profiles for these times have been referenced to

cormmon bhench marks and are presented in Figure %:6.

The general tendency for the Beaches between 1970

A

and 15

71 is erosion of the ocean beaches with exceptions.

S

This change except for profiles at the ends of the bay,
where 1t was weversed, was greatest on the ocean foreshore
baach. The variability of erosion and accretion during
the winter of 1970-1971 on the ocean foreshore area can
veat be explained by the cuspate nature of the beaches
whare 8 phift of a cusp in one direction or the other would
create a pronounced change in the beach regarding erosion
i accretion. For the most part the downcutting of the
ccean beach can ve explained by the tendency for destruc—

tive waves to comb down the beach and move sand offshore.

processes,

These changes sre the result of normal beach

8]
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The noticeable and, at this time, irreversible
change during the winter is the erosion landwards of the
dune cliff. This change (up to 4 m) was most noticeable
on those profiles having a dunc cliff in 1970 (Profiles
1-2, 9-10). Yet only those profiles in the south of the
bay were affected whereas those on Beach 7 had undergone
little if any erosion (Profiles 11 and 12), The difference
vetween areas is likely due to patterns of wave refraction
in the bay while thne erosion probably results from storm
waves running up a frozen beach and undercutting a frozen
cliff face. However some of this erosion appears to be
the result of wind process, Between May and June 1671
there was no stern activity or tides which affected the
dune ridges, yet erosion had occurred on the ocean dune
glope of Profile 3, 15, 18 to 20. The cause appears %o
he wind erocosinn which was also able to reduce the ocean
tackshere on Profiles 1, 3 to 6, 8, and 19 and erode the
dune ridze on Froriles 1, 3, 11, 13, 15, and 18 to 20 in
a2 sixeweek perdiod. However wind had significantly accreted
the ocean backshore on Profiles 2, 7, and ¢ to 12 and the
Gune ridge on Profiles 2, 14, and 17. Thaough wave action
during the winter is responsible for nmuch of the erosion

and accretion on the ocean beach 1t dappesrs that wind

Q..

eflation and accretion can act upon the beaches and

account for cbanges to the same magnitude,
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That part of the beach predominantly affected by
wave action in the six-week period had alsc undergone
change. The profiles in the scuthern part of the bhay
nad undergone reduction which was in places of the same
magnitude as the change between 1970-1971. The northern
part of the bay except for Profiieg 18 and 19 had undergone
substantial accretion within the six-week period, Often
during the six weeks, low waves (less than .%m in height,

and 5-second period) were breaking on the beaches in the

i

north part of the bav., These waves were virtually non-
y J

o

exiztent south of Blacklands Gully where Prince Edward

Tsland and the Hew Drunswick coastline bto th

D

uth ghel -

S

~

tered the bay. One small storm with waves ,0m in height

go
ey
©

5- %0 b-gsecond period occurred within this period

and affected the southern beaches below Blaocklands Gully
wore than those in the north. It 1is possible that the
destructive waves of this storm, ccupled with the lack of
constructive waves were responsible for crosion of the
southern beacnaes in this six-week pericd and that the
prasence of constructive waves in the nocthern part of

tihe way with little destructive wave action was respensible

for the buildun on those beaches,

COECLUSIONS

Wind and wave processes appear to play an important
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role in changing the topography of these beaches., There
are two types of changes occurring on these islands as a
result of these two processes. Iirst, there are the cyclic,
seasonal, smsll scale changes which influence the beach
and durie areas, The berms, cusps and accretions and ero-
sions on the beaches and dunes are only temvorary and the
events whicn are regsponsible are often random and local,
as evidenced by the surveyved profiles over time. Second,
there are ithe large scale, often irreversible, though at
times cyclie, changes. These changes show up over a short
pericd under detailed measurenent as was the case with

ien of the dune eliff, but often these changes are

o

2T 08

only noticed over a loag pericd of time. The retreat of

the barriers landward as evidenced from air photographs
end maps and the progressive growith of the barriers around
Little CGully are examples of tnis change. This change

can ve dramatic--z2n inlet is breached under a series of
succesaive gtorng; an inlet is shoaled as constructive
waves and littoral drift £ill it in, buit it is cyclic to
some extent as evidenced by thne breaching and infilling

in the Blacklands Gully area, This second type of change
thus accountvs for muceh of the configuration of the barrier

islands.

The cbeservations on these barrier islands from

ions, surveyed profiles, air photographs and map



evidence indicates that these barriers are not unique in
the context on Eastern North American barrier islands,
Much of the field evidence for chénge is also found on
Hog Island, Prince Edward Island as are the descriptive
indicators evidenced from air photographs, The barriers
in the Eastern Atlantic system have been shown to be re-
treating.shoreward and undérgoing continual changes in
configuration; the barrier islands of Kouchibouguac are

no exception.

The fact that these barriers have and do change
over time has been established here; but the processes

involved, without detailed field observations, are not as

67

easily recognized. These processes on a seasonal scale are

however reflected in characterigtics of size, shape and

sphericity of the sediments. On a longer scale the magni-

tude and direction of chéﬁge are dependent upon the fre-

guency, amount and direction of energy input to the beach
and here simulation modelling of wave patterns in the bay
should be indicative of the changes described above, It

is the purpose of the remainder of this thesis to examine
the sediment characteristics of the sands and to simulate
wave patterns in the bay in order to reaffirm and enlarge

upon the observations and conclusions presented so far,



CIAPTER 4
CRAIIT STZE ANALYSIS
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Grain size analysis of sediments is an important
cemponent of many beach studies, It is generally recog-
nized that size fLraguency disiributions of sands are

genetizally significant (Inmon 1949, p. 685 Friedman 1967,

v. 352) and henece verlect the

: L SO B e Yy 2y o -~ ey e v T Yoy ey s d AT - £ K
ceposition in & beach eavircmesat. The studies of size

o . 4 ek T oy N ey e e FACANAE TN WA e o e
freqgquency distributiong concentrate on many varyiang aspects
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of hhe gl

.
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cedimont vy ezamining shape of the distribution, while
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g ~ N\ .
L1862), in deternining

Magon and Poll (1058) and

yranents ned comparicoens of the

. Priedman (1961),

Ladd, and Mardin (1966), on th

ralue and magaitude of wvarious

Gisyvrivutions on beach and dune

areas o process and energy. Thece latier studies postue
ical vasis for the charecteristics of moment
“levent envivonments, %he use of grain size
rore tnan just a descriptive tools; 1t is

the interpretation of process and enviren

aress,
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The investigation of grain size analysis for sands
on the beaches in Kouchibouguac Bay was carried out using
samples collected from the twenty surveyed profiles of the
islands., The description and interpretation of these
samples was attempted using bivariate plots developed by
Polk and Ward (1957), statistical testing of sample para-
meters, and profiling of the mean, standard deviation,
skevwness, 5th and 95th percentiles of the grain size

distributions across the beaches.,

The statistical tests were carried out to assess
the similarity of camples across space and through tine.
This assessment was carried ocut for three reascns. The
first reason was to determine whether or not the samples
differed from each other for a specific location on the
beach between profiles an? beaches. Implied in this is
the guestion of uniformity of sample characteristics for
similar topographic locales. The second reason was to
determine whether or not these samples differed across
the barrier island along a profile line, Implied in this
is the existence of distinct sediment environments across
+he barrier islands. The third reason was to determine
whether or not samples from the same locations differed
cver time (in this casse from August 1970 to 1971). These

assessments were made using, firstly, z scores and F

69
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tests for sets of two samples, and then analysis of variance
for groups of samples., By these means it was hoped that
the processes working on the barrier islands could be

defined.

SAMPLING SCHEME

fhe main objective bf sampling is to choose random
samples which are representative of set populations. The
basis for sampling of these populations is the sedimentation
unit--that thickness of sediment which was deposited under
relatively constant physical conditions (Otto 1938, p. 575).
The fundamental sedimentation unit is the laminaj; but for
practical purposes composite samples of several laminse
are used. The composite sample, unlike single lamina,
maintains the requirement of randomness (Gees 1969, p. 43),
but poses problems when grain size parameters are analysed
statistically because it is not truly representative of
& single population. Krumbein (1953, p. £65) states that
beach samples should also be collected from an zrea of
several inches at a consistent depth and from equivalent
parts of the beach., These samples should also be taken
far enough apart to bring out regional rather than local
variations in sediment characteristics. Within these
limitations, sampling was carried out along the twenty
surveyed profiles in the ocezan beach, barrier dune, and

lagoon beach enviromments. These three environments are



TABLE 431 LOCATION AND DEPTH OF SAMPLES

CODE DEPTH POSITION ON PROFILES

. 5 cm intertidal ocean

2 3 cm high tide or berm ocean
3 surface surface mid-beach ocean
4 2 cm mid-beach ocean

5 surface back of beach ocean

6 2 cnm erosion face of dune

T surface top of erosion face

8 surface top of main dune

9 surface nid-barrier dune
10 2 cm mid=-beach lagoon
11 3 cm high tide lagoon

12 2 cm intertidal lagoon

13 2 cm middle of infilled inlet

FIG. 4:1 Idealized locations of sediment samples.
OCCEAN BEACH BARRIER DUNE LAGOON
8
7
9
5
3
HHT 2 i 10
1 13

LLT
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defined for sampling purposes as illustrated in Figure 4:1,

Each sample consisted of fifty grams of sand,
taken from an area of approximately 10 square cm, parallel
to beach laminae and within a one cm depth range. Table
4:] gives the code of the sample, the depth at which the
sample was taken, and its position on the barrier island.
In 1970, semples were taken from all outlined areas except
the mid-barrier dune area. In 1971, this latter area along
with the ocean high tide or berm, the surface ocean mid-
beach and the back of the ocean beach areas were resampled.
Wind direction and speed as well as wave direction and
magnitude were constant during the period of sampling
along the twenty profiles, However, in 1970 a storm in-
terrupted sampling of the first and last ten profiles and
cut back the ocean beaches substantially. Thus the ocean
intertidal and high tide sr berm samples for the two sets
cf profiles are not representative of processes of the
seme magnitude. All other sample areas appeared to be

little affected by this storm.

Since the major objective of sampling was to
observe regional changes along the beaches and process
differentiation of sands across the barrier island, local
contamination of the beach environments by dune environment

sediment and the production of lag deposits on the open
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exposed beaches through the action of winds was a problen,
An attempt was made to negate these factors for the ocean
and lagoon foreshore areas by removing the first two cm

of sand from the surface of the sample area before sampling.
This procedure has heen justified by Anan (1969, p.’278)

as giving more representative samples of the beach. This
surface material, for the ocean mid-beach sanple area,

vas conpared statistically with the subsuriace sample for
justification of the sanmpling technique. These results

are presented later with the analysis of the samples.

PRIMARY ANALYSIS
a) Mechanical Analysis

A Tixed format wag followed in siev

e

ng these
h

samples in ovder to remove any bias in the mechanical
analysis. The sanples were split into 30-%5 pgram segments

and were then oven-dried at 100° C. In *the case of the
lagoon beach samples, or any which contsined organic
natter, the materials were heated to 170° ¢. for 14 hours,
Crganic content was never greater than .5 per cent by
velght. Because of the sampling procedure on the fore~
shore bezches, the influence of any salt crusts which

ray have formed on the surface of
However, in & few samples from the intertidal area, salt

was a visible but minor conponent of the sample, All
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samples were sieved by healf phi intervsls from -2.5 phi
to 4 phi for fifteen minutes and the sieved fractions
vere then weighed to the nearest one-hundredth of a gram.
The amount of material velow 44 phi was nil for most
samnples except the lagoon intertidal ones where it con-
stituted less than 1 per cent by weight. The result of
this procedure was the consistent fractionation of the

samples, free of measureable contaminants, with as little

’
\.;‘

blas ss possible, The digtributions with few excevtions
P B

—-ended (non~-truncated) and continuous--—criteria

=
2
B3

were ope
which were reguired for the stztistic analysis used in

testing these samples,

b) CGalculation of Grain Size Statistics

4

The ¢
{

DARC

in size gtatistics of these distributions

}d

;

[
.

tere calculated using a compuber program develoned by
Schleec and Webhster (1267). This progran uses moment
measures based on a continuwous parabolic interpolation

of the weight frequency of each half phi class. The
program thus smocihes the distribution without additional
dgata and gives a more cccurate calculation of mean, stan-
dard deviatlion, skewneéss and kurtosis than would be
echieved with the existing form of the data, The progran
also contains an exvonential interpolation for the tails
T the distribution; but, because this resulted in exag-

eration of skewvness and kurtosis wvelues, this part of
28 3

[l

4
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the program was dropped.

STATISNICAT ANALYSIS

V‘.

@) Grain Size Parameters and Bivariste Plots
The grzin size parameters are related to the type
transportation and deposition, the process of erosion,
avallability of maverial, and the energy level of the
envirvonuent {(Greenwood 1969, p. 1%51). Of these para-

meters

>

cllewie:

U)

, s 1s provably the moest environmentally
genpilrive indicetor. Uegative skewness is characteristie
of hench sands, while positive skewness is characteristic
of wind-ulown maeterial. The ndard deviation ig als

to some extent environmentally constrained since beach
and dune sands are generally better sorted than sands
from other enviromrents, The environmental sensitivity
of kurtosis, however, is not as valid. Friedman (1961,
. 517) and Xoldiljk (196§, v. 65) have concluded that

rurtosisa is not environnmentally sensitive. In fact,

b
i

artosis
kurtosis iz o uneasure of peskedness relative to the normal
curve-~the fanily of curves being an imporitant criteria
whea specifying kurtosis (Baker 1968, p. 680). tHowever,
aplansicy (1945, 0. 259) gives examples of curves, which
are comparable to nornal distributions, but which have

urtosis values varying from 2.75 to 4.5 (3 being the

nov even & consisteut statistic. Mathematically,
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fourth moment of a normal curve)., McCammon {1962, p. 92)
states that it is also possible to have asymmetrical
distributions with a kurtosis wvalue of 3., RBesides its
mathematical inconsistency, kurtosis is such a eensitive
neasure to random fluctuations in a distribution that it
reacts to any senpling and measurement error in the dis-
tributicon. These facts make it apparent that for studies
of grain size analysis kurtosis should not be usged and for
trde thesis, kxuritosis will be ignored as an environmentally

sensitive parameter.

Becausge each individual grain size parancter
except kurtosis has environmental significance, then
combinations of these parameters should bring out dis-
tinctive environnents. The success of these bivariate
nlots as developed by Folk and Ward (1957) and Wason and
¥olic (1958) has been questionuble. Iuch of the disazres=—
ment on thelr use lies in the method of calculating grain
size paraneters. Folk and Ward (1957) and 'lesorn and Folk
(1958) used grapvhic measures; however, Gees (1965, p. 213)
points cut that monent measures may not bz 2s reliable when
trying to determine the depositional enviromment of sands,
(ifoment measures were used in this study.) Friedman
(1961, p. 515) has pointed ocut that the terminal environ-

ment is the crucial factor in the use of bivariate plots,
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Just because a sand comes from a beach zone in sampling
does not mean it was deposited by waves. Since the sands
in each topographical enviromaent may be iaternixed by

two or more different processes to such a degree that only

a strict sampling method could separate the different

v

origins of the sand (Jones, 1970 p. 1212), the bivariate
plots are not always related to topogravhicel environments,
Biedernan (1952, p. 183%), Schlee, Uchupi, and Trumball
(1964, p. 122), and Hails (1967, p. 1064) noint out that
the dominance and type of source material may also pre
vent the differentiation of environments in these plots

so that they may not even distinguish process enviromments,

The use of bivariate plots in assesging the sini-
larity of samples across space only produced a random
pattera with no breakdown of sands intoe dune or beach
envivorments. Duane (1964, p. 867) and Moiale and Weiser
(1968) elso found a random pattern for ginilar beach
conditicns., Whether this random pattern for Kouchibouguac
Bay sediments was due to dominance of a single sgource,
or intermixing of deposits resuliting from one or more
nrocesses, or error in sampling cannot be ascertained with-
out more data about the sediments. Other factors may also
be nore imocrt&nt in characterizing these sands, If there

a great dedl of wvariability in the spatial influence

[
6]

of diffevent processes then the bivariate plots are useless
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The fact that nean, standard deviation and skewness are
environmentally sensitive cannot be denied; but the com-
birnation of such parameters following Folk and Ward's
technique was not effective on sands taken from the barrier
islands of Kouchibouguac Bay. The distinguishing of
environments for these sands lies in more detailed sta-

tistical analysis,

b) Normality Criteria for Parametric Statistical Testing
Statistical testing depends on whether a sample is

nornally or non-normally distributed, In sedimentology,
1t d1s often assumed that size distributions are log normal
(Priedman, 1962 p. 752), but the fact thet skewness can be
used as an environmental indicator of sedinents contradicts
the statement that size distributions are log normal, since
a nornal distribution has no skewness. The degree of
normality, like skewness,“of any grain size distribution
is affected by the type and origin of material, the process
involved and the sampling and operational error, In order
to use parameiric tests such as the z scores, the ¥ test,
and analysig of variance, the assumption upheld in the
literature {hat grain size distributions avproximate log

normality was m=de for all samples,

¢) z Scores and F Tests

The assessment of the similarity of sands through
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time and space according to the thwee lines of investigation
proposed at the beginning of this chapter can be carried
out by looking at groups of samples or at individual
samples. The comparison of two individual samples in-
volves testing two parameters of each sample,--the mean

and the variance. 1f the variances of two samples are
differenﬁ, then the populations are different. However,

if the variances are the same, then the means of the
seanples must be different in order for the porulations to
be different. The testing of variances involves the F

test where

Pz g2 or §5° (whichever is larger)
502 517

L2 o 2 X .
817 and b?“ are the variances of the samples (Freund 1967,

D. 269). ©The testing of means involves the z score where

(Freund 1967, p. 255)

o a.D
/\/ v i 0 2
Il'l Ik 4

X end Iz are the sample me

Slé and Sg
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ns,
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o

re their respective variances, and

n, and L, are the respective population numbers.

In order to use thnese tests n, the population
gsize, must be defined. mn is required in calculating the

degrees of freedom when setting a sigpificant limit for ¥
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and in calculating the z score directly. Jones (1969,

p. 1473) states that n should be expressed in terms of
units of the population and reflect the total size of the
sample, while being independent of the mean and standard
deviation. Schlee and Webster's comnputer program uses,
ag a besis for calculating grdin size parameters, per-

centages, n becomes 100 and thus satisfies Jones's cri-

ot
©

>ria. The drawback of using 100 for n is that it is ar-
bitrary and constant repardlecs of the total weight (Jones
1969, p. 1474), but this value has one unique zdvantage
in that it is standerd for all grain size distridbutions,

LS{ R

This becomes very convenilent when comparing larvge numbers

of gamples.

Becausge of the number of comparisons made, and in
order to selmplify presentation of date, it is necessary
to group the results of the ¥ tests and z scores, If

this grouping is used to compere environments along pro-

files for a single beach, then the degree of spatial homo-
geneity of the different processes affect<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>