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Chapter One

Introduction

1.1 Introduction

Beach cusps are concave seaward-facing features that are rhythmic in the longshore
direction (Fig. 1.1). They consist of cusp horns separated by lower sloped cusp embayments
where the sediment of the horn is generally coarser than that of the embayment. They are
located in the swash zone, near the high tide mark, and form a series of undulations along
the beach. Cusp spacing, the distance between consecutive cusp horns, is quasi-uniform. The
onshore topography is mirrored offshore with deltas forming at the base of each embayment

and troughs forming at the base of each cusp horn (Fig. 1.2).

Beach cusps have been of interest to coastal scientists for more than a century and their study
has generated a vast amount of literature. The main emphasis of the numerous investigations
has been the causative mechanism of the uniform longshore spacing; the description of the
associated hydrodynamics and sediment transport; and the development of predictive
relationships for their spacing. Cusp morphodynamics may have important implications to
the form and scale of nearshore circulation patterns and wave dynamics (Guza and Inman,

1975; Inman and Guza, 1982; Seymour and Aubrey, 1985).

Although they are common, and despite numerous investigations, the process of beach cusp
formation is not yet fully understood making them one of the most intriguing coastal

morphological features.
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Fig. 1.1 Beach cusps on Buffalo Beach, Coromandel Peninsula (photo: Terry Healy).

embayment hom

/' embayment _Jhom

&//I“

Fig. 1.2 Schematic diagram of the morphology of a cuspated beach.
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1.2 Literature review

Despite much debate over the initiation and formation of cusps, several generalisations
regarding their morphological characteristics and possible causative mechanisms can gained
from the literature. Expanding on such assumptions forms the basis of the objectives of this

study.

Most commonly noted is that beach cusps have a uniform spacing along a beach. Komar (1973)
observed small cusps with spacing less than a metre whilst Lonquet-Higgin and Parkin (1972)
generated similar size cusps in a wave basin. Shepard (1952) measured 'giant cusps' that
ranged up to 1,500 m between adjacent horns. Commonly, spacing is from 1-100 m (Russel and

McIntyre 1965; Dyer, 1986; Antia, 1987).

Komar (1976) and Antia (1987) note that two or more levels of cusps can occur on the same
beach, those higher up on the beach having a larger cusp spacing. Russel and McIntyre (1965)
observed two and three sets of cusps on various occasions during their investigations of
cuspated beaches. Williams (1973) observed three rows of cusps on Hong Kong beaches. The
levels of cusps higher on the beach with larger cusp spacings are thought to be due to larger

storm waves (Russel and McIntyre, 1965; Schwartz, 1972; Dalrymple and Lanan, 1976).

Shepard (1963) and Otvos (1964) noted that cusp length gradually decreases from areas of

high energy to low energy.

Beach cusps form in all types of beach sediment (Komar, 1976). The cusp horn is of coarser
sediment than the embayment (Russel and Mclntyre, 1965). Longuet-Higgins and Parkin
(1962) note that this difference results in a higher permeability of the horns relative to the
embayments. They state that the distinct sediment sizes accentuate the erosional and
depositional processes because percolation rates in the bays are low favouring erosion, while
more percolation occurs in the coarser material of the horn, lowering velocities and favouring
deposition. Sallenger (1979) also agrees that cusp formation is a result of both erosion and
accretion but notes that their development results in mostly net accretion. Otvos (1964),
Gorycki (1973), Guza and Inman (1975), Inman and Guza (1982), Antia (1987) and Miller et. al.

(1989) concluded that beach cusps are a result of accretion and erosion. However, Komar
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(1973), Schwartz (1975) and Sander et. al. (1976) suggest that cusps are a result of only
accretion while Smith and Dolan (1960) observed cusp formation as being a result of only

erosion.

Water circulation over the cuspate form involves the swash run-up dividing at the horns,
converging in the troughs and the backwash being met by the next run-up forcing the swash
onto the horn (Bagnold, 1940; Komar, 1976, Sallenger, 1979; Pethick, 1984). This circulation of

swash maintains the cuspate form.

It is suggested that the formation of cusps is related to accretionary cycles on beaches (Otvos,
1964; Williams, 1973; Dubois, 1978; Sallenger 1979). Cusps are observed to form with the
transition from high energy to low energy (Komar, 1976). Antia (1987) found that cusps were
most prevalent during calm conditions. Sallenger (1979) observed the onshore migration of a
bar as energy fell which was then modified by swash to form cuspate shapes. Kaneko (1985)

also observed cusp formation as modification of a beach ridge in laboratory experiments.

Seymour and Aubrey (1985) observed that cusps persisted until some significant change in
wave conditions and found that large waves destroyed cusps. Longuet-Higgins and Parkin
(1962) state that when wave height is too great for the vertical dimensions of the cusps,
swash tends to sweep over the cusps and destroy them. Miller et. al. (1989) observed cusps
during a large storm at Duck, North Carolina and found that storm waves destroyed cusps
leaving a post-storm planar beach. Within 24 hrs after the storm, cusps reformed

sequentially along the beach in the direction of longshore transport.

Theories explaining the regular spacing of cusps include the instability of breaking waves
(Cloud, 1966), the role of incident waves and swash (Lonquet-Higgins and Parkin, 1962;
Gorycki, 1973; Dalrymple and Lanan, 1976; Dean and Maurmeyer, 1981) and the influence of
topography on cusp formation (Otvos, 1964; Williams, 1973; Dubois, 1978; Sallenger, 1979).
Longuet-Higgins and Parkin (1962) and Dean and Mauremeyer (1981) found a correlation
between the swash excursion distance and cusp spacing. Dalrymple and Lanan (1976) also
concluded that swash has a role in cusp formation. Russel and McIntyre (1965), however,

suggest that cusp spacing is dependant on the degree of beach exposure and the sea state.



Introduction 5

More recent investigations have attributed the formation and spacing of cusps to the action of
edge waves which are free surface gravity waves that propagate along a sloping beach
where energy is trapped in the nearshore zone by refraction, resulting in sinusoidal variation
in wave height, in the longshore direction. Edge waves are thought to play an important
part in coastal sedimentation (Bowen and Inman, 1971; Huntley and Bowen, 1975; Guza and
Thornton, 1985; Holman and Sallenger, 1986). Many studies provide theoretical and
observational evidence for edge waves being the triggering mechanism for cusps, providing
the initial perturbation for cusp spacing and spatial distribution. Guza and Davis (1974)
state that a standing incident wave transfers energy to edge waves through a weak resonant
interaction. An edge wave with a period twice that of the incident wave is preferentially
excited (Galvin, 1965; Bowen and Inman, 1969; Huntley and Bowen, 1973; Guza and Davis,
1974). Most commonly, investigators conclude that cusp spacing is a result of a subharmonic
edge wave, where the edge wave period is twice the period of the incident wave period
(Galvin, 1964; Bowen and Inman, 1969; Bowen and Inman, 1971; Huntley and Bowen, 1973;
Komar, 1973; Guza and Inman, 1975; Gaughan and Komar, 1977; Sallenger, 1979; Guza and
Bowen, 1981; Inman and Guza, 1982; Wright, 1982; Kaneko, 1985; Seymour and Aubrey, 1985;
Miller et. al., 1989).

Edge waves have been investigated using current meters to measure the nearshore velocity
field. Oltman-Shay and Guza (1987) used an array of current meters and found oscillation
they interpreted as edge waves and concluded that such wave motion could contribute
significantly to both the longshore velocity and run-up components of the nearshore
infragravity wave field. Sasaki and Horikawa (1975), Huntley et. al. (1981), Holman (1981)
and Bowen and Huntley (1984) also found edge wave motion in the spectra from current meters

placed in the nearshore zone.

Guza and Bowens' (1976) laboratory investigations found that subharmonic edge waves are
primarily driven by swash. They found that subharmonic edge waves do not occur where the
breakers are spilling or plunging but do occur when the wave is surging. Galvin (1965) also
suggests that the generation of edge waves is dependant on wave characteristics, stating that
resonance disappears when the wave breaks cleanly. Kaneko (1985), using a steep laboratory
beach covered in glass beads, found that surging and semi-plunging breakers were needed for

cusp formation. Short (1979) agrees with this, having evidence to support that when there is
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an initially planar beach accompanied by low surging breakers, rhythmic variation in the
swash set up by subharmonic edge waves are likely mechanisms for the regularity of cusp

spacing.

Guza and Inman (1975) found cusps were formed in a wave tank by subharmonic edge waves
and only when the incident wave was strongly reflected from the beach. Wright (1984) also
found a relationship between beach state and cusp formation stating that cusps form on
reflective beaches where the incident wave is reflected from the beach face. Wright (1982)
found that subharmonic edge waves consistently occurs on reflective beaches where they
cause cusps spaced at one half of the edge wave wavelength. On flatter, more dissapative
beaches, lower frequency edge waves occur. Huntley and Bowen (1973) note that the
hydrodynamics of steep and shallow beaches differ widely and found subharmonic edge
waves on steeper beaches but not on less steep beaches and, like Wright (1982), found lower
frequency motion on the less steep beaches. Antia (1989) found that cusp existence and
extinction is primarily controlled by foreshore slope and notes that cusps were more common
and persistent on reflective sections of the beaches investigated. Sallenger (1979) also found

that low energy reflective environments were needed for cusp formation.

Edge waves, and non-trapped standing waves can occur from incident wave frequencies to low
'surfbeat’ (100-300s) frequencies (Huntley, 1976; Guza and Bowen, 1977; Chappell and
Wright, 1979; Holman et. al., 1979 and Wright et. al., 1979a, 1979b). Bowen and Guza (1978)
state that 'surf-beat’, the beating between pairs of incoming waves, leads to the growth of
edge waves and say that 'surf-beat' is predominantly an edge wave phenomenon. Wright et.
al. (1987) concludes that 'surf-beat’, or wave groupiness, effects short term morphological
responses of a beach. 'Surf-beat' is thought to be significant in the nearshore (Suhayda, 1972;
Huntley and Bowen, 1975; Bradshaw, 1980; Guza and Thornton, 1982) and there is a
correlation between 'surf-beat' and edge waves (Suhayda, 1972; Huntley, 1976; Sasaki, 1978;

Huntley et. al., 1981; Holman, 1981) which in turn may control the spacing of beach cusps.

1. 3 Objectives

The aim of this investigation is to examine the hydrodynamics and morphodynamics of the

nearshore zone at selected cuspated eastern Coromandel beaches (Fig. 1.3), expanding on
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previous work regarding beach cusps. By investigating the interrelationships between the
littoral sediment transport and distribution, the wave characteristics and nearshore
circulation patterns, attempts can then be made to relate cusp initiation, development and
maintenance to these parameters. The beaches in this study were selected because they vary
in terms of aspect, sediment size, wave climate and beach shape yet all exhibit beach cusps

at some time.

Pacific Ocean i

Auckland

Coromandel
Peninsula

TasmanSea

Fig. 1.3 Location map illustrating the study area on the eastern Coromandel Peninsula.

Specific objectives of this study are delineated in respect to the literature cited above. The
primary aim is to contribute to the knowledge regarding beach cusps, in a New Zealand

setting. The specific aims are:

1. Describe cusp morphology at the investigated beaches and to establish a database of
morphodynamic, hydrodynamic and sediment characteristics associated with the cuspated

beaches.

2. Investigate the temporal distribution of beach cusps on selected beaches and the

parameters that influence the existence and extinction of cusps.
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3. Statistically analyse the parameters measured to determine which are associated with

the physical characteristics and the spatial and temporal distribution of cusps.

3. Investigate the theory of edge waves and the application of the theory in the prediction of
the spacing of beach cusps. Assess whether the theory is applicable for the cuspated beaches

investigated on the eastern Coromandel.

4. Classify the beaches investigated in terms of the Wright and Short beach state
classification model and discuss how the morphological beach state can be related to the

spectral characteristics of edge waves and cusp formation.

5. Undertake direct measurements of the nearshore velocity field at selected beaches using a

S4 current meter to investigate low frequency motion.

6. Use spectral analysis to attempt to identify edge wave and 'surf beat' oscillations in the
onshore-offshore and alongshore spectra and to investigate whether any oscillations at these
frequencies can be related to the spacing of beach cusps. To assess whether the spectra is

typical for the type of cuspated beaches investigated in respect to the Wright-Short model.

7. Use hincasting techniques and wave refraction modelling to assess the effects of wave

energy changes along a beach on the spatial distribution of cusps.

8. Discuss the interrelationships between the hydrodynamics and morphodynamics of the
cuspated beaches and contribute to the knowledge regarding the origin, formation and

maintenance of beach cusps.

1.4 Thesis structure

Chapter 1 outlines the thesis topic including a literature review of previous investigations
regarding beach cusps and the theories devised to explain cusp initiation and spacing. The

objectives of the study are detailed in respect to this previous work.
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Chapter 2 gives an overview of the seven cuspated beaches selected for the investigation and
describes how they differ in terms of their morphology, hydrology and sediment

characteristics.

Chapter 3 tabulates and describes the data gathered regarding the characteristics and the
temporal and spatial distribution of cusps at each beach. The data is statistically analysed

to assess the degree of association between the various parameters.

Chapter 4 discusses the theory of edge waves and details how the theory can be used as a
predictive model for the spacing of beach cusps. The beaches investigated are assessed in
terms of the theoretical existence of edge waves and discusses whether the spacing of the

cusps can be theoretically explained by edge waves.

Chapter 5 expands on the theory that edge waves may be responsible for the spacing of cusps
and investigates the theoretical characteristics of edge waves as being dependant on the
beach state. The beaches are classified in term of the Wright Short model to further

investigate if the existence of edge waves is feasible on the beaches studied.

Chapter 6 analyses current meter data using spectral analysis and compares the resultant
spectra with examples from the Wright and Short model to investigate the nearshore
hydrodynamics and to assess whether the spectra is characteristic of the beach states
determined in Chapter 5. The spectra is also described in terms of long period oscillations to
attempt to ascertain if edge wave motion exists. This is discussed in respect to the spacing of

the cusps.

Chapter 7 uses hindcasting techniques to predict the wave period, wave height and swell
direction that formed cusps in Mercury Bay in late May, 1992. The predicted conditions are
used in a wave refraction model. Energy changes along the length of the beaches are
investigated in respect to wave refraction, diffraction and the spatial distribution of beach

cusps.
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Chapter 8 discusses the interrelationships between the parameters and processes
investigated and summarises the findings of the study. Limitations of the investigation are

noted and areas where further research may be carried out are discussed.
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Study location

2.1 Introduction

Cusps are common morphological features on north-eastern Coromandel Peninsula beaches.
The beaches in this study (Hahei, Cooks, Maramaratotara, Buffalo, Wharekaho, Kuaotunu West
and Rings Beaches) were selected because they vary in terms of aspect, sediment size and wave
climate yet all exhibit cusps at some time. No previous work has been undertaken to
characterise beach cusps in this region but their presence is noted by Smith (1980), Healy et. al.
(1981) and Fulton (1991).

2.2 Physical setting

The Coromandel Peninsula is an uplifted horst block covered by recent volcanic air fall
deposits (Skinner, 1976). The coastline is characterised as a headland-bay coast where
headlands are separated by narrow, shallow embayments (Fig. 2.1). These embayments differ
markedly in terms of beach state depending on the beach length, width, aspect, sediment size

and the wave climate (Fulton, 1991).

Mercury Bay is a semi-enclosed composite embayment. The beaches within Mercury Bay are
headland controlled, crenulate-shaped beaches and have formed in response to wave refraction
patterns within the bay. Buffalo Beach is a large bay barrier that fronts approximately 6.0 km of

parallel dune ridges (Fig. 2.2). Cooks Beach (Fig. 2.3) is a bay barrier that fronts Holocene dune
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ridge progradation. Maramaratotara (Fig. 2.4) and Wharekaho (Fig. 2.5) are pocket beaches

resulting from refracted swell waves (Fulton, 1991).

The other beaches investigated fall to the north and south of Mercury Bay. Rings Beach is a
relatively sheltered 0.7 km long bay barrier beach (Healy et al., 1981) that has a northerly aspect
and is bounded at either end by cliffs (Fig. 2.6). Kuaotunu West Beach (Fig. 2.7) is
geomorphically similar to Rings Beach (Healy et al., 1981) but is divided into two sub-systems
by a headland and a reef. Hahei is a 1.5km bay barrier beach (Fig 2.8) that has a northeasterly

aspect (Abrahamson, 1987).

Bufislofonch

WHITIANGA

Maramara- "\
totara Beach

Fig. 2.1 The locations of the often cuspated beaches, on the eastern Coromandel Peninsula, that are the

focus of this study.
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Fig 2.2 Buffalo Beach (photo: Terry Healy)

Fig. 2.3 Cooks Beach (photo: Terry Healy)
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Fig 2.4 Maramaratotara Beach (Photo: Terry Healy)

Fig. 2.5 Wharekaho Beach
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Fig 2.6 Rings Beach (photo: Terry Healy)

Fig 2.7 Kuaotunu Beach (note the gravel cusps on the beach face)
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Fig 2.8 Hahei Beach

2.3 Wave climate

The eastern Coromandel Peninsula is subject to a temperate climate and conditions are
generally warm and humid (Hume and Dahm, 1991). Humid airstreams from the tropical
Pacific Ocean produce heavy rainfall (Abrahamson, 1987) ranging from 1500 mm to 1800 mm
per annum (Maunder, 1974). Figure 2.9 summarises climatological data for the study area.
Wind velocity summaries show a prevalence of prevailing westerlies but also contain a
significant proportion of winds from the northeast and easterly directions. As the study area is
exposed to these directions, it is susceptible to wind and waves generated by depressions

passing over New Zealand.

Pickrill and Mitchell (1979) note that the approach direction for waves ranges from north
through to the east, where the dominant wave is from the northeast. Harris (1985) recorded
average significant wave heights of approximately 1.0 m. Wave periods average 6.4 s in open

waters and range between 4.0 and 9.0 s. Hay (1991) states that long period swell waves (8.0-
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12.0s) originate from depressions north or northeast of New Zealand and hence arrive from the

north.

Fulton (1991) states that Rings Beach has the same wave climate and exposure as nearby
Matarangi Beach where the breaking wave height (Hb) < 0.7 m and wave period (T) = 7.0-10.0
s. Kuaotunu West has the same aspect and exposure as Rings Beach and has similar wave

characteristics but is sheltered by an offshore reef.

RF(mm)

100

JFMAMJJASOND

Fig. 2.9 Climate patterns for the eastern Coromandel Peninsula (Abrahamson, 1987).

Hahei has a low energy environment (Hb=0.5 m)and offshore islands shelter the beach. Fulton
(1991) notes that during episodic easterly storms, wave heights are in excess of 2.5 m. Buffalo
Beach is characteristically of lower energy than the preceding beaches as sea and swell waves
entering Mercury Bay are reduced in height in response to refraction, diffraction and the
shoaling of the sea bed. Significant diffraction occurs in the lee of the headlands which results
in the lateral dispersion of wave energy, the effect of this being most evident at the northern
end of Buffalo Beach (Smith, 1980). Swell waves change in character from very low energy in
the north to moderate at the southern end of the beach. Wharekaho and Maramaratotara have a
similar aspect to Buffalo Beach and similar wave parameters although energy is higher. The
southern end of Wharekaho receives more wave energy than the north whereas the northern

end of Maramaratotara is exposed to episodic northeast storms (Smith, 1980).
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2.4 Tides

The tidal wave in Mercury Bay is asymmetric, of semi-diurnal form, with a mean spring tidal

range of 1.62 m. Harris (1985) notes that small diurnal variations in height do occur.

Tidal patterns are modified within Mercury Bay where near-surface currents during tidal flows
form a clockwise circulation gyre. Oceanic waters enter the southern side of the bay, mix with

Whitianga Harbour waters before leaving along the northern headland (Smith, 1980).

Table 2.1 Characteristics of the investigated Coromandel Beaches (~ Healy et. al ., 1981; ¥ Fulton, 1991; t

data from this investigation).

Beach Hp Tj Aspect  Sediment Beach Cusp
(m)  (s) characteristics gradient (°)t characteristics™
Buffalo 04t 711t east fine sand with sig- 3.0 shell cusps

nificant amounts

of coarse sand™

Wharekaho 067 7-111  east medium sand, often 75 sand cusps
laminae of heavy
minerals~
Maramar- 06t  7-11t north coarse on dunes and 55-6.0 sand cusps
atotara east medium elsewhere™
Kuaotunu <0.7° 7-10° north gravel andcobble 3.0 gravel
west over medium sand™ cusps
Rings <0.7° 7-10° north well sorted medium 5.5-6.0 sand cusps

to coarse sand”™

Cooks 03t 711t north medium to fine 3.0 sand cusps
sand™
Hahei 05 7117 east well sorted medium 5.5 -6.0

*
sands sand cusps
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Table 2.1 summarises the general morphodynamics and hydrodynamics; and sedimentological

characteristics of the beaches investigated.

These basic characteristics of the cuspated beaches are expanded on in Chapter Three by

analysing sediment, morphological and hydrological data collected during this study.
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Beach cusp morphological
and distributional
characteristics

3.1 Introduction

Cusp morphology varies between beaches with each beach having a characteristic beach cusp
topography as a result of the interaction between different wave climates, beach shape and

aspect, and sediment characteristics.

In this chapter, beach cusps are described in terms of their dimensional and sediment
characteristics and in terms of their spatial and temporal distributions. The interactions
between variables characterising beach processes are analysed statistically, using
multivariate analysis, to assess those parameters associated with the development of a

cuspated beach.

3.2 Variables

Several variables were measured to describe the morphology of the cuspated beaches and
these are illustrated in Figure 3.1. The variables can be separated into related groups - wave,
sediment and morphological characteristics. The variables and the methods by which they

were measured are described below.

3.2.1 Wave variables

Wave characteristics are important in the development and the nature of beach morphology.

Changes in wave height, steepness and period, and the type of breaking wave influence the

’
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movement of sand and the degree of sorting in the nearshore zone and may subsequently
influence the development of cusp morphology. Eight wave variables were measured and

analysed.

Breaking wave height (Hp) (m) was estimated visually as a measure of the energy reaching
the beach face. Larger waves are thought to produce cusps further up the beach face with a
greater spacing than those cusps associated with smaller waves (Dalrymple and Lanan,

1976).

horn

th

Soh
embayment Skh

Figure 3.1 Variables investigated on the cuspated beaches of the eastern Coromandel.
The incident wave period (Tj) (s) was determined by averaging the time taken for 10 wave
crests to pass a fixed point. Cusps have been noted to form when the wave period is long

(Komar, 1976).

H
Wave steepness (L—b) was calculated using the shallow water wave length (Ls)
s

LS='I'\fg hp, 3.1
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where: Tj=wave period (s)

g=acceleration of gravity (9.81 m/ s2)
hp=water depth at breaking (m).

Wave steepness is an important parameter for determining whether a beach will erode or
accrete. Steeper waves cause erosion of the beach. King (1972) suggests that waves with a
steepness >0.03 generate seaward flowing currents while those flatter waves produce

shoreward currents.
Water depth at breaking (hp) is calculated by the McCowan (1894) criteria:

hp =55 32

Wave type (WT) is a function of wave steepness, beach slope and sediment texture and can be

predicted using Galvin's (1968) dimensionless model:

Hp/(g T tan ), 33

where: B = beach slope (°).

Breakers can be of three types; spilling breakers associated with low slope beaches and steep
waves (>0.068); plunging breakers associated with steeper beaches and moderate steepness
waves (0.003-0.068) or surging breakers which occur on very steep beaches with waves of low
steepness (<0.003). Breaking wave type is considered an important factor in this study because
the type of wave breaking on the beach effects the nearshore hydrodynamics and the nature

of any wave resonance that may exist.

The surf zone width ()s) (m) is defined as the region of the nearshore zone where waves break
and the width was estimated visually from the beach. The width of the surf zone was noted
because it is an indicator of the amount of energy dissipated before reaching the beach face. It
is also influenced by wave energy and the slope of the nearshore zone and determines the type

breaking wave.
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Swash excursion (Sg) (m) was measured as the distance from wave breaking to the furthest
point of swash run-up on the beach face. The swash distance was measured because has been
suggested by Longuet-Higgins and Parkin (1962) and Dean and Mauremeyer (1981) that swash

may be the controlling mechanism for the spacing of cusps.

Sallenger (1979) found that cusp spacing is dependent on the degree of beach exposure. In this
study, the degree of exposure (Exp) is estimated qualitatively ranking each beach (1
(sheltered) through 5 (exposed)) defining exposure as being a function of observed wave

energy, fetch length and beach aspect.
3.2.2 Sediment variables

Particle size (¢) and hydraulic fall velocity (w) of beach sediments are important in
determining the shape of beach profiles and the morphological units present on a beach
(Fulton, 1991). Mean particle size, hydraulic fall velocity, sorting and skewness of both horn
and embayment samples for each beach were determined using the Rapid Sediment Analyser
(R.S.A) at the University of Waikato (see Appendix A for more detail on the methodology).
This was undertaken to assess how variance in sediment characteristics influences cusp

characteristics.

As sediment size increases it's transportability decreases. Particle size closely reflects the
energy level of the wave processes working on the sediment. The coarseness of the sediment is
indicative of the degree of turbulence and wave energy dissipation (Komar, 1976). For
example, fine sand may indicate lower energy. The mean grain size controls the amount of

percolation into the sediment.

Sorting (So0), or the standard deviation from the mean sediment size, gives an indication of
the spread of grain sizes around the mean. It is a measure of the uniformity of size of the
sediment and the uniformity is a result of sediment transport processes. Poorly sorted material
indicates that little selection of grains has taken place during the transport and deposition of
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