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ABSTRACT.

Little is known about mixed sand and gravel beaches over an extended time period (seasons) or
for specific wave energy events. This thesis addresses this problem by analysis of the gravel textures
(sizes and forms) and the cross-shore transverse profiles for the southern Hawke Bay barrier, which
possesses a well defined wave energy gradient and gravel supply and sink along some 16 km of
coastline.

Analysis of beach profile surveys show that the profile parameters (beach height, width, sediment
volume and ‘Profile Index’) do not have normal distributions and can be highly skewed. The profile index
parameter indicates the beachfaces are restricted to concave up and linear shapes. Consecutive cross-
shore profile surveys demonstrate the beachface has two response ‘types’ to high seas. Firstly, the
beachface ‘hinges’ about MSL, shown by alternating maximum and minimum beach heights at the High
and Low Water positions. So, when the High Water ridge is at a maximum height the Low Water platform
is @ minimum, and vise versa. The second response type occurs when an accretional High Water ridge
welds onto an antecedent High Water ridge. At a seasonal time scale the updrift sites have an ongoing
negative change of sediment volume (erosional). In addition, the profile index indicates a general
evolution from concave up to a more linear profile shape (increasingly ‘reflective’). These results suggest
that as the profile shape evolves it does not affect the overall sediment loss (erosion).

Over a season the winter gravel sizes are coarser, better sorted and coarse skewed compared to
the summer season population. Generally, the sink gravels at the high-energy Marine Parade site are
finer, more poorly sorted and more coarsely skewed than those at the low wave energy Clifton gravel
supply. Indeed, at the sink the high water moderate wave energy (breaking wave height H, > 1.0 m;
breaking wave steepness B, > 0.03) gravels depositional at the High Water ridge show increasing coarse
skewness. Coarser clasts become more bladed in the littoral drift, but on average, the percentages of
spheres do not increase in the direction of littoral drift. Towards the high-energy environment, the oblate
prolate index becomes more negative (increasingly discoidal), whilst the maximum projection sphericity
has a very small decrease. In general, the gravel textures show greater variation at each site and at the
intersample intervals than at the seasonal sampling interval.

During a moderate wave energy event the beachface slopes flatten at the supply sites (coarse
grain) and steepen at the sink sites (fine grain) as the breaking wave steepness increases from 0.019 to
0.035, i.e. from “plunging” towards “spilling” waves. At the Te Awanga Hall site during both the moderate
and high-energy wave events, the beachfaces flatten as the breaking wave steepness increases. Gravels
transport and deposit as overwash at breaking wave steepness > 0.0451 and as overtop deposition at
breaking wave steepness 0.0279. These overwash and overtop depositional gravels have coarser sizes,
better sorting and more positive (fine) skewness to landward. The initial gravel forms transported
landward are rodic, not discoidal.

Analysis of the gravels in the regional ‘geological column’ (Pliocene to Pleistocene) adjacent to
and distal from the Ruahine Ranges gravel source, demonstrate that as the gravels become younger the
clast forms become increasingly discoid. Along the contemporary Tukituki River that links the source to
the coastal supply, the disc form dominates. These findings suggest that discoidal clast forms on the
beachface are not solely a result of abrasional swash process, but are predetermined perhaps by primary

tectonic stress.
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CHAPTER 1 INTRODUCTION.

1.1 The Importance of Mixed Sand Gravel Beaches to Hawkes Bay'.

Hawkes Bay is located on the most tectonically active region of New Zealand (HULL, 1990). Indeed,
the 1931 Napier earthquake uplifted the Ahuriri lagoon some +1.8 m above Mean Sea Level (MSL) (HULL,
1990), from which Hawkes Bay gained large areas of fertile coastal plain. The Late Holocene environment of
the southern Hawkes Bay (HB) was coastal lakes and wetlands (KINGMA, 1962), and since the Mid-Late
Holocene, a barrier has existed separating extensive river fed wetlands from the ocean (GIBB, 1973).

The most conspicuous coastal morphological feature of the southern HB coastline from the port of
Napier to Clifton is the mixed sand and gravel (MSG) barrier. This barrier beach is the prime focus of this
thesis. The barrier is “transgressive” in the sense of migrating landward (WHITE and HEALY, 2000), and
illustrates characteristics of erosional, accretional, or positional stability at various alongshore sectors (GIBB,
1973; SMITH, 1984).

Hawkes Bay, (Figure 1.1) like many other coastal environments about New Zealand, has witnessed a
recent escalation of urbanisation and degradation of the coastal environment bordering the Hawke Bay.
There is an associated proliferation of plans and strategies all with incumbent and escalating administrative
costs. For all this there is at best small gain of insight into the physical nature of the coastal environments in
question. This study of the southern HB morphodynamics is a step to reverse this temerity engendered by
myopic speculation. The true value of the southern Hawke Bay barrier, even on a simplistic economic plane
has not yet been realised or estimated. The HB MSG barrier represents a best protection for the socio-
economic infrastructure contained across the Heretaunga Plain. This barrier is also an extremely valuable
resource for scientific investigation that is easily accessible since many researched MSG barriers are in
remote and inhospitable regions.

Human habitation has changed the Hawke Bay gravel barrier morphology. For example GIBB (1996)
reports that the Ahuriri Lagoon inlet changed to, and was maintained at, its present location by pre-European
Maori. With the arrival of the Europeans and commercial industry the Ahuriri inlet underwent further
modification for navigation (O’'CALLAGHAN, 1986). However, more widespread and extensive modifications
of the barrier took place over this early period. For example, excavation of unrecorded quantities of shingle
took place from around Scinde Island and from the Tukituki River inlet (pers. comm., Gordon Bambry) for
land reclamation works and building an agrarian based industry. Indeed, the mining of beach MSG sediments
continues at Awatoto for ‘the building industry in conjunction with ad hoc local government ‘requirements’ for
‘protection’, for example, the renourishment of Westshore (Figure 1.7) and the stop bank on the Maraetotora
River in Te Awanga.

'Hawkes Bay is the regional designation for the provincial (terrestrial) part, whilst the Hawke Bay is the marine
embayment north of Cape Kidnappers.
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(Photograph Terry Healy)
Figure 1.2 View from Scinde Island towards Westshore (17 April 2004). All the low area was uplifted 1.8 m in
the 1931 Napier earthquake. In the foreground, urbanisation (Hardings Road) on a spit leading to a 'delta’
composed of sediments accumulated against the ‘eastern’ mole (constructed 1876) leading into the Ahuriri
inlet. Beyond in the middle distance is Westshore urbanisation, also on a spit and beyond is the uplifted
Ahuriri Lagoon which extended to the hills in the distance.

Because the southern HB barrier is perceived as “erosional”’, ad hoc coastal ‘protection’ measures
have been installed during the last decade, and these have been increasing in variety and extent. One
example is the recent use of soil spoil by HASTINGS DISTRICT COUNCIL (HDC) (2003) to raise the beach
crest height to protect housing from overtopping waves and overwash gravels during high seas.

1.2 Previous Investigations of the Hawke Bay Barrier.

Pre 1910 investigations of the barrier system involved hydrographic surveys off the Ahuriri inlet and
later off Scinde Island. These surveys initially concentrated on the navigable Ahuriri inlet and concerns about
the stability of the inshore sand banks, and later on establishing a new port off Scinde Island.



(Photograph Terry Healy)
Figure 1.3 View towards Westshore (17 April 2004) clearly showing the beachface at Hardings Road, Napier.
The beachface is a boulder lag beach in the lee of Napier Port breakwater.

Investigations between 1910 and 1950 involved transverse profile surveys, commencing in 1914 at
East Clive (Hastings District Council), and 1916 at the Westshore barrier to the north of Scinde Island
(HAWKES BAY REGIONAL COUNCIL). MARSHALL (1928, 1929) undertook the first scientific research on
the beachface gravels, focusing on the clast abrasion.

Since 1970 there have been a proliferation of reports on coastal erosion, both to the south of Scinde
Island (GIBB, 1973; SMITH, 1984), and to the north of Scinde Island at Napier's Westshore Beach
(O’'CALLAGHAN, 1986; WILLIAMS, 1986; SMITH, 1993). Recent studies on the physical nature of the HB
barrier include the origin of the MSG beach gravels (WHITE, 1988) and a re-examination of the beachface
gravel abrasion (HEMMINGSEN, 2001).



(Photograph Terry Healy)
Figure 1.4 View towards Napier (17 April 2004). The Tukituki River inlet spit. Overwash sediments on the
downdrift side of the Haumoana groyne (built late February to March 1999). This is an example of an
overstepping spit (single ridge roll-over) sector of the transgressive barrier

Scientific investigations on the Hawke Bay seabed sediments, include both regional (PANTIN, 1966;
LEWIS, 1973) and inshore (HUME, et al., 1989); on the tectonic tilting (LEWIS, 1971); and on shallow inshore
sediment transport numerical modeling (BLACK and VINCENT, 2001).

Industrialisation and city growth necessitated the construction of sewage ocean outfalls which in turn
required pre-construction investigations of nearshore water circulation (RIDGWAY, 1962) and seabed
sediments (CARTER, 1974).

1.3 Definition of Mixed Sand and Gravel Beaches.

Mixed sand and gravel (MSG) beaches are characterised texturally by sands and gravels (KIRK,
1980) in about equal proportions (COATES and MASON, 1998) that are intermixed throughout (JENNINGS
and SHULMEISTER, 2002). Generally, there is sediment size segregation both across the and along the
beach (CARR, et al., 1970) with gravely upper beach crests and ridges, and lower beach - foreshore sandy
textures (KING, 1959). Most MSG beaches are reflective to incident wave energy (WRIGHT, et al., 1979) and
can occur on exposed and indented coasts (HUGHES and COWELL, 1987).
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1.4 Aims of the Research.

To date little research has been undertaken in the Hawke Bay gravel barrier systems, and yet as
noted above, they are coming under increasing development pressure from a number of activities including
coastal subdivision, mining, conservation needs and tourism. The primary aim of this thesis is to undertake
investigation of the mixed sand and gravel beachface, including variations in time, of the southern Hawke Bay
barrier from Clifton to the Port of Napier. The research focuses on two aspects, viz.,

(i) the gravel textural characteristics of the source, supply and sink zones, and
(i) the beachface morphological and morphodynamic characteristics.

Accordingly, the major objectives of the research are to investigate
1. The beachface transect morphology and its variation in response to varying wave energy, seasonal effects
and episodic wave effects.

2. The beachface gravel textural characteristics and the seasonal and ‘event’ effects;
3. The beachface gravel forms and their variation from source to sink, and
4. The clast form characteristics of the source and supply gravels.

There are a number of reasons that make this barrier system urgent to research:

o the barrier possesses a well defined gravel supply and sink;

o alower beachface with a consistent gravel population;

e adistinctive source of greywacke gravel from the hinterland axial Ranges;

e gravel composition is predominantly a hard greywacke, so that abrasion processes should be

uniform.

o the barrier has evidence of evolution ranging from initiation through establishment to breakdown;

e an embayment coast dominated by refracted swell waves (most accounts are for exposed

coasts);

¢ longshore wave energy gradient occurs along some 16 km of coast;

¢ awell defined wave breaker line that is invariably at the lower beachface step;

e an active swash zone with a micro-tidal range of activity under normal conditions;

¢ swash and drift aligned lengths usually about shore normal reefs and headlands;

The thesis structure is set out as follows:

Chapter 1 sets out the aims and objectives of the thesis and defines a general mixed sand and gravel
(MSG) barrier.

Chapter 2 reviews the physical background of the Hawke Bay MSG barrier coastal environment
(relative to the present Mean Sea Level) in terms of the geology, sea level, bathymetry, and climate and
storms, atmospheric pressure, wind speed and direction, rainfall, historical storms, tides, swell waves and
water currents. More detailed accounts are located in the appendices (expressly the regional and local barrier
geology, and the regional and local Holocene sea level changes).

Chapter 3 presents a morphogenic classification of the field sample sites as examples of the wider
barrier morphodynamic evolution.



Chapter 4 reviews the local Hawkes Bay historical archives and reports that demonstrate the
evolution of the barrier and the human responses to ‘erosional events'.

Chapter 5 outlines the morphology and the morphodynamic processes typical of the Te Awanga Hall
beachface as representative of the Hawke Bay coarse sediment beachfaces. Photographs illustrate the
morphodynamic interactions with the prevailing hydrodynamics of the tides and the infragravity waves,
namely the responses of the beachface to erosion and accretional events.

Chapter 6 defines firstly the empirical morphodynamic parameters, secondly, reviews the literature
on the use of the empirical morphodynamic parameters, and thirdly, presents a quantitative geometric
equation for the beachface cross-shore transverse profile. The morphodynamic equations are the surf scaling
parameter (€) and the Iribarren Number (also called the surf similarity number £). The quantitative beachface
parameters are the sediment volume changes and the ‘profile index’ as a geometric beachface shape,
namely convex up, linear and concave up. From these parameters a ‘type’ seasonal, summer — winter, model
is developed

Chapter 7 views the cross-shore transverse profile data collected synchronously at five sample sites
over 3 y. There are three components to this Chapter. Firstly, the ‘seasonal’ signatures of the profiles,
secondly the nature of the transverse profile as changes of the sediment volume and to the profile index as
bivariate and time series plots. Further, the clarification of where on the profile the sediment volume changes
take place and how the beachface responds over time. Thirdly, the morphodynamic relationships of the
parameters, namely the sediment volume change, the profile index, the breaking wave steepness, the surf
scaling parameter and the Iribarren Number as bivariate and time series plots over a ‘season’.

Chapter 8 reviews the literature on the sediment textural parameter distributions on MSG beaches.
The relationship between the gravel source and supplies is formulated along with conceptual models of
distributions in the cross-shore and alongshore directions.

Chapter 9 examines the lower beachface gravel textural sizes (mean grain size, sorting and
skewness) over a winter — summer season at four sites in the alongshore wave energy gradient. The
McLAREN model (McLAREN and BOWLES, 1985) delineates the nature of the gravel textural changes, for
example the repeatability of textural parameter ‘states’.

Chapter 10 examines the response of the gravel textural sizes across shore associated with an
‘erosional’ moderate energy event at three sites alongshore. The morphodynamics shown by the changing
cross-shore transverse profiles and breaking wave steepness are also taken into account. Both this event
and the high-energy event were of short duration (10 days or less).

Chapter 11 examines the response of the textural gravels in relation to the morphodynamics of a
high-energy depositional event at the Te Awanga Hall site. The morphodynamics are shown by changes of
the cross-shore transverse profiles and breaking wave steepness.

Chapter 12 examines the morphodynamic relationship of the combined moderate and high wave
energy events, to produce a ‘definitive’ breaking wave steepness boundary between accretional and erosive
conditions.

Chapter 13 extends the analysis of Chapters 9, 10, and 11 by applying the gravel forms expressed
as the ZINGG (1935) forms (cited BARRETT, 1980) to the same situations viz. seasonal changes and
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responses to moderate and high energy events. The clast forms are, blades, discs, rods and spheres, and
the DOBKINS and FOLK (1970) forms (the two form parameters oblate prolate index (OPI) and maximum
projection sphericity (MPS)).

Chapter 14 describes the gravel forms (ZINGG (1935) and DOBKINS and FOLK (1970)) collected
from the geological stratigraphic column and the along the only contemporary river (the Tukituki River) supply
linking the Ranges to the modern coast. The stratigraphic column gravels came from near the greywacke
gravel source (the Ranges) to assess any change of gravel form in geological time (Plio-Pleistocene).
Gravels collected from the Cape Kidnappers, (a modern cliff line supply, and a Pleistocene fluvial deposit)
could indicate the down river changes of clast form in the Pleistocene and these are comparable to the
changes measured along the only contemporary river link.

Chapter 15 is a synopsis of the observations and the conclusions, and presents suggestions for
future research.

1.5 Distribution of MSG Beaches in New Zealand and the World.

New Zealand’s most extensive MSG beaches are in the South Island (JENNINGS and
SHULMEISTER, 2002). In the North Island the most extensive MSG beaches are located in the vicinity of
Wellington (CARTER and MITCHELL, 1985; MATTHEWS, 1980, 1983) and Hawke Bay (MARSHALL,
1928,1929).

On a world scale, most MSG coasts occur in higher latitudes on either coasts of the North Atlantic,
for example north-east USA and Canada (FITZGERALD and ROSEN, 1987) and western Britain (ORFORD,
et al., 1995), whilst others are reported at the South American east coast (ISLA, 1993).

It is considered that MSG beaches are a product of sediment supply and sea level (ORFORD, et al.,
1995). These MSG beaches invariably take on a characteristic profile, and it is suggested that the profile is
invariably steep and that this in turn is a function of the wave reflection (defined by the surf scaling
parameter) (CARTER and ORFORD, 1984).

Most MSG beach coastlines occur towards high latitude regions characterised by Quaternary glacial
depositional terrains. These are the paraglacial beaches (CARTER, et al., 1987) derived from glacial detritus
that contain large proportions of coarse sized material available for supply.

Most MSG paraglacial coasts are characterised by a single, or multiple ridge geomorphology
orientated alongshore that often forms a barrier spit. Barriers are considered to result from alongshore
progradation of the coarse material released from proximal sources (FORBES et al.,, 1995) and are
recognised “for their propensity to move onshore “ FORBES, et al. (1991) and as such are transgressive.
Note, the supply of a gravel can be different from the source of the gravel since a source may not directly
supply gravels to the beach.

MSG beaches may also form in regions known to be tectonically active, for example the south coast
of Crete (POSTMA and NEMEC, 1990).



1.6 Some Wider Topics.

The main investigation centers on the changes of the gravel textures and cross-shore transverse
profiles in response to the prevailing breaking wave. However, these general investigations requires
placement into context.

(Photograph Terry Healy)
Figure 1.5 View towards Cape Kidnappers from Te Awanga (K2). The beachface is erosional with rail-iron
and tyre ‘seawall’ (16 April 2004) and recent Hastings District Council soil spoil ‘protection’ right foreground.

Generally, the Hawke Bay barrier has examples of evolutionary stages alongshore according to the
classification of FORBES et al. (1995). Evolutionary stages range alongshore from ‘initiation’ (for example,
the swash aligned beach at Clifton near Cape Kidnappers) to ‘establishment’ (for example, the progradational
swash aligned Marine Parade) and ‘breakdown’ (for example, the swash aligned spit at Haumoana, clearly a
breakdown length with barrier crest overwash sediments prior to the construction of a groyne.

Examples of cross-shore transverse profile surveys over several years are rare especially for the
gravely beaches. Examples exist for particular sandy beach localities, for example Duck, North Carolina.
However, data for gravely beaches appears singularly uncommon with exceptions (CALDWELL AND
WILLIAMS, 1985; ORFORD, 1986) and are not at a transgressive roll over beach at a barrier on a plate
tectonic margin. We do not know how gravely profiles change in time or where across the profile the greatest
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and least changes occur. For example, in HB the coastal ‘erosion’ is an accepted fact but it is not known how
the sediment volume and the profile shape (the profile shape index (FUCELLA and DOLAN, 1996) changes
over time. Further the morphodynamic links between the beachface slope and the breaking wave remain
unclear for gravely beaches, for example WRIGHT et al. (1979) suggest surging waves and HUNTLEY and
BOWEN (1975) suggest plunging waves, and ORFORD (1977) suggests spilling waves for upper beachface
storm sedimentation.

(Photograph Terry Healy)
Figure 1.6 View south, Marine Parade (16 April 2004) Napier. Note upper beachface finer gravels compared
to those at Te Awanga K2 (Figure 1.5). People are on the storm ridge, just to left and down the beachface
slope is a raised High Water ridge.

CARR (1969) and ORFORD (1975) suggest gravel textures change over time but most studies
examine beach changes over only a short time frame (SMITH, 1968; SHERMAN et al., 1993; NOLAN et al.,
1999). For example (DOBKINS and FOLK (1970) investigated the gravel form devolvement within differing
energetic environments and concluded that the gravel forms are indicative to particular environments (high
and low energy beaches and riverine). We do not know whether these environmental indicative forms
changed over time period or the climatic conditions before sampling.
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From observations at the Hawke Bay beach, the most dramatic and energetic environment is at the
sub-aerial lower beachface. Gravels sampled from this highly energetic environment should show the
greatest changes of size and form in the alongshore direction. It is assumed that these lower beachface
clasts represent the most swash active population and any changes of the texture should be the most rapid
and noticeable. This assumes few of the clasts pass into storage (buried within the lower beachface) and
therefore become protected from the abrasive swash processes. Gravel populations on the beachface can
change during high seas events. These changes should reflect in the gravel textural parameters as
suggested by SONU (1972) for the sandy beach at Duck, North Carolina. Such parameter changes might
repeat in time, for example, the population associated with high seas events might become coarser, well
sorted and negatively skewed each time. Gravel forms can have systematic changes associated with storm
deposition (SHERMAN et al., 1993). Disc forms transport towards the beach crest in high seas (KING, 1959;
KIRK, 1980). If the gravel population available for transport is limited then in a high energy event the clast
form sorting will be defined by the forms available. Hence, discs may be transported towards the upper
beachface initially but later other forms could transport in the same direction in the same event. Accounts of
high-energy depositional overwash at coarse grain beaches (CARTER and ORFORD, 1981) appear to be
rare and the changes of sizes and forms associated with similar events very rare. It is possible that overwash
deposition and subsequent High Water ridge morphology is a product of successive overwash and overtop
deposits each contributing different populations. High seas events can also be erosional and it is possible
that the gravel population changes and becomes a lag deposit with characteristic size and form changes. For
example, SHULMEISTER and KIRK (1997) suggest high seas run-up winnows fines leaving a coarse
residual lag.

The relationship between the gravel grain size and the beachface slope suggest the coarser the grain
size the steeper the beachface slope (KING, 1956; KIRK 1980) and likewise the better the sorting the steeper
the beachface (KIRK, 1980).

Most studies assume the supply of gravels from an identified source have not changed in geological
time. Clast forms may have some bearing on the stability of a gravely barrier system and a change of clast
forms may alter the barrier stability. The Hawke Bay barrier greywacke gravels have a distinctive source and
occur in stratigraphic conglomerates both near and distal relative to the source (Ruahine Ranges). Since the
Ranges are tectonically active having features of uplift and transform faulting, there is considerable clastic
sediment deposition both adjacent to the Ranges and along ancient and modern river courses. In Hawkes
Bay, an opportunity exists to measure the clast form changes in time and space. For example, the changes of
the gravel forms in an ancient river can be compared to those in the modern Tukituki River. The ancient river
gravels are from the Pleistocene conglomerates adjacent to the Ranges and at some 60 km distant at the
Cape Kidnappers. It is also possible to measure the clast forms over time adjacent to the Ranges and hence
any change in geological time (Plio-Pleistocene) of clast forms supplied at the source.

11



(Photograph Terry Healy)
Figure 1.7 View south towards Napier and Scinde Island (17 April 2004) from Westshore. Re-nourishment
berm to right with material from Marine Parade. An erosional beach, typified with exposed storm water outlet
cupola.

An undertaking of this research therefore was to extend the time frame of sampling to include as
many climatic situations as possible and by extending the sampling time period to encompass situations that
include the extreme climatic impacts. By this method, some measure might be obtained of the progress of the
gravel textures and the beachface topology over storm events especially an erosional and a depositional
event.

The HB has a fairly well defined seasonal wave climate with summer steep seas and winter long
period waves (GIBB, 1973). This seasonality of the wave climate could reflect in the textural gravels and the
topology. Over the research period, only limited climatic conditions came about, neither cyclonic nor large

storm events occurred, however wave overwash of the barrier crest did occur.
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CHAPTER 2 PHYSICAL BACKGROUND TO THE SOUTHERN HAWKE BAY.
2.1 Introduction.

This chapter reviews the physical characteristics important to the understanding of the Hawke
Bay (HB) mixed sand and gravel (MSG) barrier system with reference to the geological evolution, sea
level changes, bathymetry, climate and hydrodynamic factors of tides, waves, and currents.

2.2 The Physical Setting of the Hawke Bay Coastal Environment.

Hawke Bay embraces a large embayment of some 2,000 km? which is deeply indented between
two peninsular headlands, namely Mahia to the north and Cape Kidnappers to the south (Figure 2.1).
This embayed coast has a range of geology characterised by landforms ranging from cliffs, to sandy
beaches to muddy inlets. The coastal field site (Figure 2.1) is a 20 km length of the southern HB coastal
environment between the smaller headland of Scinde Island and the conspicuous Cape Kidnappers.

2.3 Primary Factors of the Hawke Bay Barrier Evolution (Geology, Sea Level, Bathymetry and
Atmospheric Climate).

The evolution of the HB and the modern barrier is highly influenced by its location astride an
evolving plate tectonic boundary. Details of the geological and sea level history are outlined in
Appendices 1, 2, and 2.1. Co-seismic alterations are known to have affected the area as recently as 1931
with a +1.8 m vertical shift of Ahuriri lagoon and a -0.76 m subsidence at the Tukituki River inlet (HULL,
1990). In northern HB, there is evidence of a tsunami some 6,300 y BP (CHAGUE-GOFF, et al., 2002).
The tectonic changes of the coastal environment have taken place in conjunction with the eustatic sea-
level oscillations since the early Pleistocene (LEWIS, 1973; OTA, et al.,, 1988; BROWN and GIBBS,
1996).

The HB MSG barrier morphology has both relict and modern landforms exemplified by relict
multiple ridges and a single modern ridge in the form of a barrier crest (Chapter 5). The single barrier
crest is either a stand-alone feature, or is welded onto the relict multiple ridges. The barrier sediments are
characterised by mixed sand and gravel textural sizes with a gravel sized component from readily
identifiable supply sites including the Cape Kidnappers Late Pleistocene conglomerates containing hard
greywacke clasts in a sandy matrix, and the Tukituki River (at Haumoana) or the Maraetotora (at Te
Awanga) River inlets. Note, however, that over the period of sampling for this research (1997 to 2003)
there were negligible fluvial gravel discharges. The barrier planform is arcuate between the two hard rock
headlands of Cape Kidnappers and Scinde Island. Between these headlands, the barrier crosses a
subsiding trough infilled by layers of muds and gravels (see Appendix 1). It is possible these layers dip
landwards and time horizons, marked by a characteristic lithologic change (boundary between muds and
gravels), indicate non-uniform deposition so that tectonic warping is likely an ongoing process (CARTER
and LEWIS, 1976). Indeed the 1931 Napier earthquake may have induced sediment textural changes of
the clasts supplied to the coast. For example, the Tukituki River inlet subsided -0.76 m and the change of
base level may have changed the fluvial bed gradient and induced a subsequent coarser bed load supply
to the coast.
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Figure 2.1. Location of Hawke Bay, North Island, New Zealand and the location of the field area in
southern Hawke Bay, from Scinde Island to Cape Kidnappers. Also located are the two main population
centers of Napier on and about Scinde Island, and Hastings an inland city located on the Heretaunga
Plain (10 m above Mean Sea Level).

The Hawke Bay Holocene Sea Level.

The evolution of MSG barrier systems has identifiable temporal scales that include factors such
as the Holocene sea level rise and the changing cross-shore morphodynamics (FORBES, et al., 1997).
For the HB barrier system, there are two main components to consider. Firstly, the glacioeustatic
(eustatic) change is recognised at both the regional scale (CARTER, CARTER and JOHNSON, 1986)
and at the local scale (OTA, et al., 1988); and secondly, co-seismic changes have taken place coincident

with the Napier earthquake (HULL, 1990).
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Figure 2.2 Hawke Bay Holocene relative (to modern Mean Sea Level) sea level curve. (BROWN and
GIBBS, 1996).

The Holocene sea level (SL) curve of BROWN and GIBBS (1996) (Figure 2.2) indicates the HB
SL reached the current ‘still stand’ some 6,000 y BP and since this time oscillatory peaks of maximum
sea level have occurred perhaps as recently as 1,200 y BP, when SL may have stood briefly at +5 m
relative to MSL.

Bathymetry.

The inshore bathymetry of the HB is an important factor when considering the evolution of the
transgressive barrier system since the bathymetry can change depending upon the sediment flux and the
prevailing hydrodynamics and geological processes. A notable characteristic of the HB shallow
bathymetry is a break of slope evident at the 10 m isobath (Figure 2.3).

Observations on the bathymetry include:

1). The 10 m isobath is > 2 km offshore north of both the Cape Kidnappers and the Scinde Island
headlands and outlines the wide inshore submarine platforms.

2). The 10 m isobath is closer to the shoreline along Marine Parade to the south of the Scinde Island
headland which allows a greater wave energy to reach the beachface.

3). There are inshore reefs associated with both headlands. Reefs tend to cross the shore at right angles

(forming natural submarine groynes).
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4). Irregular isobaths and the reefs suggest an uneven topographic seabed, for example at Pania Reef
north-west of Napier port the reef pinnacle is at -1.7 m CD whilst the surrounding sea bed ranges -10.5 m
to-14.6 m.

5). Inshore Clifton is uncharted (pers. comm., Hydrographic Office, Royal New Zealand Navy. See chart
NZ 56). Indeed the survey ship HMNZS Tarapunga holed after striking uncharted rocks (NAPIER

TELEGRAPH, 5 November 1980). Nearshore waters extend from shore to the 10 m isobath and the
inshore extends from the shore to the 5 m isobath.
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Figure 2.3. The southern Hawke Bay bathymetry. Part of sheet NZ 56 (RNZN). The heights and depths
are in metres. Scale 1 cm approximately 2 km.

From observation (Richard Williams pers. comm., 1998) the submarine platform off Cape
Kidnappers has deep (up to 6 m), sheer sided gullies that on occasion can fill with sands and possibly act
as sediment traps for material moving both alongshore and cross-shore. Cross-shore material can be
derived from the Cape Kidnappers during periods of intense rainfall. There is also be an onshore
transport component as bottom drifters released off East Clive (Figure 1.1) were found in groups along
the Cape beach where the Cape gullies met SL (WHITE, 1994).

16



The submarine platforms have lithological compositions similar to those outcropping at the
adjacent cliff-lines. For example, the submarine platform off Cape Kidnappers can supply “relict gravels”
to the HB MSG barrier (PANTIN, 1966). These relict gravels occur on the beach between Clifton and Te
Awanga especially following high seas when cobble sized clasts can wash ashore with attached kelp
seaweed. These relict clasts also have a similar greywacke composition as those from the Cape
Castlecliffian conglomerates. Between Te Awanga and Clifton the submarine platform Castlecliffian rocks
can be observed outcropping along the lower beachface and act as a hard bedrock basement over which
the contemporary sediments transport as a veneer, and as such can give some estimate of sediment
mobility and rate of supply.

At Scinde Island the adjacent submarine platform is transected by two dredged channels to
access wharf-side facilities (Napier Port Company Ltd and the Ahuriri, used by the fishing fleet and
recreational water craft). On Westshore beach cobble sized limestone clasts similar to the Scinde Island
Early Pleistocene limestones can be found following storms, however these do not have kelp seaweed
growths, suggesting different inshore conditions, for example a less stable sea bed.

The Hawke Bay Climate and Storms.

This section briefly reviews the local HB climate as a factor that affects the MSG barrier evolution,
from the local climate records of atmospheric pressure, rainfall, wind speed and direction, and the
historical records of ‘storms’.

High seas events are important, as they are often associated with severe erosion of the
beachface. Similarities could be expected between the MSG beaches on the east coast of both the South
Island and North Island HB. By extension, it could also be expected that a high seas event produce
similar responses along a regional coastline. However, it is also the duration of the high seas event that is
important when measuring beach disturbance (FUCELLA and DOLAN, 1996), and the succession of
events at the South Island MSG beaches (STEPHENSON and SHULMEISTER, 1999). However, the
geological detection of events in the South Island, New Zealand, coastal stratigraphic record remains
elusive (STEPHENSON and SHULMEISTER, 1999). In HB, such events are also elusive since the
sedimentation is thought to be continuous (OTA, et al., 1988), although an inland lake some 12 km north
of the HB study area has provided evidence of Holocene storms (PAGE, et al., 1994).

At the coast, the water level is strongly influenced by climate. The main determinants are
atmospheric pressure, wind speed and direction, and rainfall. With several atmospheric factors combining
the coast can be subject to flooding and/or erosion. An example of this would be the coincidence of high
spring tide, onshore winds and low atmospheric pressure. However, such high seas events could lead to
overwash deposition similar to that reported by ORFORD and CARTER (1982).

Atmospheric Pressure.

Atmospheric pressure records from a barometer installed at Te Awanga by the author comprise
one observation per day. Over the data-gathering period (August 1997 to May 2003) the local (Te
Awanga) barometric pressure ranged from a recorded low of 985 mb to a high of 1035 mb. Distal
atmospheric pressure gradients generate wave fields which can run to shore in HB as swell waves with
breaking wave period (T,) usually ranging between 6 s and 14 s.
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Figure 2.4 is an example of the relationship between the local atmospheric pressure and the
observed low water breaking swell wave (see Section Z.4.5 for the definition of B,, ORFORD, 1977).
Figure 2.4 shows an inverse relationship (R? = 88.5%, F test is significant at 5 degrees of freedom)
between the atmospheric pressure and wave steepness for January 2000. As the pressure decreases the
wave steepness increases. Although not expanded upon here, on occasion the low pressure leads the

wave steepness increase and on others it lags depending on the proximity and speed of the approaching
low pressure systems.
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Figure 2.4. Scatter plot of the local atmospheric pressure and wave steepness, January 2000. This data
is for Te Awanga Hall. Wave parameters obtained by visual estimate of wave height (m) and period (s)
and derived breaking wave steepness (B;y) (ORFORD, 1977). Atmospheric pressure was from the
author’s barometer.

In New Zealand low atmospheric pressure, cyclonic events are associated with erosion along the
east coast of the South Island (STEPHENSON and SHULMEISTER, 1999). Ex - tropical cyclones track
from the north - east and down the east coast of the North Island and whilst intense single cyclones can
have considerable impact, a series of less intense cyclonic events can also have severe impact as the
time for the beachface to recover by sediment deposition is too short (STEPHENSON and
SHULMEISTER, 1999). High seas events under cyclonic conditions have an effect on the HB MSG
barrier active beachface. For example, sheets of coarse sediments can be transported landwards as
Overwash by the prevailing climatic storms similar to that described by ORFORD and CARTER (1982,
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1985) for southern Ireland. At the HB barrier beachface, sediments can transport landwards as overwash

sheets across the High Water ridge (HW ridge) (Chapter 10, 11 and 13) towards and even on occasion
over the beach crest.

Hawkes Bay Rainfall.

Rainfall can be important to the HB coastal morphodynamics. Rainfall can cause coastal flooding,
and river discharge can inject gravels at the coast via one of the gravel transporting rivers (Maraetotora,
and Tukituki). Over the total period of gathering data for both the gravels and the transverse profiles,
there were no rainstorm events with subsequent inshore gravel deposition derived from river discharge.
The field data sets therefore represent a period of non-fluvial gravel supply to the beaches

Hawkes Bay Wind Speed and Direction, and Local Wave Patterns.

The Napier Airport (NZMS 260, 1981, ref V21 428858; Lat. 39° 28', Long. 176° 52') wind speed
and direction records began in January 1949. Data from January 1949 to December 1984 were arranged
into wind roses for the total data and for the seasonal splits (winter, spring, summer and autumn (WHITE,
1994). Generally, the dominant wind direction is from the southeast; winter and autumn winds are
generally from the southeast, and summer winds from the east. The greatest wind velocities (strong
winds of more than 11 m/s) are from the southeast to northwest quadrants, whilst the seasonal
distributions show the winter season strong winds are mostly from the north to east.

Because of these winds, certain inshore hydrodynamic wave patterns can be observed.

1). The local inshore wind wave crests, have shorter period (T, = 3 s) and wave height (Hp, =0.2 m to 0.3
m) than the swell waves.

2). Wind waves when onshore, and parallel to the swell wave crests, can induce swell wave crest
breaking, or they can be across the swell wave direction and in these circumstances the combined effect
can produce a crestal conic wave break. Such wave patterns have been invoked as a possible process
for the formation of beachface cusps (COCO, et al., 1999).

3}. The onshore wind wave effects on the shoaling swell wave can have an ascending wave breaking
energy dissipation seen as either ‘no effect’, ‘white caps’ or ‘white horses’. White caps occur when the
isolated swell wave crest breaks when the wind speed is > 5 m/s (measured by hand held anemometer at
the beach crest) and white horses are the more widespread and persistent swell wave crest breaks and
occur when the wind speed > 10 m/s or Beaufort wind force 3 to 4.

4). Wind waves are often not present when swell waves overtop or overwash the beach crest. There is a
distinction between overtop and overwash. Overtopping is the landward transport of seawater to a ridge
or crest and sediments that deposit either on the crest of the ridge, or to seaward of the ridge and ‘weld’
onto the ridge. Overwash is the landward transport of seawater and a sediment population beyond a
ridge or crest, and at the HB coast, these can be sands and/or gravels sizes.

Historic Storms in Hawke Bay.
The history of HB storms associated with high seas helps place the fieldwork data sets into an
evolutionary context of a continuum that can range between a steady state (a long period of fewer

storms), and non-steady state (a long period of frequent storms).
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SMITH (1984) produced a list of storm events and accompanying high sea states since 1810.
Records are fragmentary and perhaps contradictory. For example, a storm event in February 1936 is
described for the South Island east coast as a “severe ex-tropical” (STEPHENSON and SHULMEISTER,
1999) but is apparently unrecorded in the HB records.

Figure 2.5 summarises storm events that could have impacted upon HB between 1810 and 1985
sourced from SMITH (1984); STEPHENSON and SHULMEISTER (1999); PAGE, et al. (1994) and
records from the NAPIER TELEGRAPH newspaper. The frequency of storms depends upon the length of
the time intervals chosen, for example in ten years the average frequency of storm events is 6.4/10y. In a
five-year time interval, that chosen for Figure 2.5, the average frequency is 3/5 y.

Frequency of Storms
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Figure 2.5. Frequency of storm events reported in southern Hawke Bay over the period 1810 to 1985
(after SMITH (1984); STEPHENSON and SHULMEISTER (1999); PAGE et al. (1994) and the NAPIER
TELEGRAPH).

Figure 2.5 also suggests the frequency of storm events has changed since records began, with a
greater storm frequency in the late 1800’s and subsequent decline of storm events until an outlier of the
1960-1970s, and further decrease of frequency, indeed the last major cyclonic storm in HB was cyclone

Bola in 1988.

2.4 Hydrodynamic Factors Affecting the Southern Hawke Bay Barrier.
The HB barrier beachface evolution can be viewed as a series of morphodynamic responses to
the prevailing contemporary hydrodynamic factors comprising tides, waves and currents.
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The Southern Hawke Bay Tidal and Beachface Morphodynamics.

The tidal cycle in HB is semidiurnal with a spring range of 2.0 m and a neap range of 0.9 m
relative to the local Port of Napier datum at Bench Mark (BM) H 40, from which the lowest astronomical

CLIFTON
HEIGHT m
4 . I T T
3 = I' -
"'ll
2} 'l )
|I
MHWS
1F I -
0 Mean Sea Level lMHWN
MLWT | MLWN
R _T ............................................................. YA
}
2k NAPIER PORT DATUM i
LOCAL DATUM
_3 1 Py 8 1 1
0 20 40 60 80 100
CROSS-SHORE DISTANCE m
MSL Mean Sea Level Local Datumn at-1.0mbelowMSL
Napier Port Datum at -0.88 m belowMSL
MHWS Mean High Water Spring
MLWS MeanLowWaler SPNG  coceyime 1347 NZDT
MHWN Mean High Waker Neaps ; 7 0.0
MLWN Mean Low Water Neaps g'::.,::;’wer 122 1:?2
Napier port datumtide levels Measuredinfield
MSL 0.0m Lowtideat 56m
i (cross-shore distance)
MHWS +0.72m Spring that last data 1.1
MLWS -0.72m Spting HtErLEp al.im
MHWN +0.64 mNeaps . .
MLWN -0.64 mNeaps Notethe difference betweenthe measuredlowtide

andthat predicted by Napier port tidal gauge.

Figure 2.6. Tidal and local datum transposed onto a cross-shore transverse profile at Clifton.

tide is measured (NEW ZEALAND NAUTICAL ALMANAC, 1999). An example of the HB tidal levels and
datum are shown transposed onto an example transverse profile for Clifton (Figure 2.6). Similarly, the

tidal levels and datum for all sites are located in Appendix 8. Within HB generaliy the flood tide flows are
to the north and the ebb tide flows to the south (RIDGWAY, 1962).



HB tidal records are incomplete (for example records are missing, (pers. comm., Brian Gestro),
and an instance of a broken tidal station (pers. comm., Hydrographic Office, Royal New Zealand Navy)
and several methods have been used to record tidal water levels.

Following the classification of SHORT (1991) for Queensland, Australia, the HB is micro-tidal with
a mean spring tide range 2.0 m and less. SHORT (1991) reports the findings of KING (1972) for 27 micro
to macro-tidal beaches, where beach slope had a moderate positive correlation with grain size and the
wave energy and no correlation with tides. In conjunction with beachface slope the micro-tidal range limits
the swash flow field to relatively shorter cross-shore distances on steeper slope beachfaces, and these
flows tend to be cross-beach flow, whilst on flatter beachfaces the swash flow field is wider and with even
greater tidal range the flow can become along beach, especially if a ridge and runnel morphology
develops (KING, 1972).

SHORT (1991) found micro-tidal beach types are distinctive (typically reflective-linear-dissipative
type transverse profiles), and exist in a wide range of wave and sediment types whilst possessing similar
morphodynamic characteristics, and these general characteristics could be similar to those at the
southern HB beachface

The Swell Waves in Hawke Bay.

Swell waves derive from the south and refract into HB about Cape Kidnappers (GIBB, 1962). For
this study no instrument wave data were available, but wave observations were collected daily when
possible over the duration (August 1997 to May 2003), usually at low water, by estimating the breaking
wave height (m) (trough base to wave crest) and period (s) at the beachface step. If the wave break
occurred inshore then the wave height and period were estimated as the wave passed a given sight line
based on a distant fixed position.

Some Waverider buoy data is available from December 1998 to November 1999, and a
MetOcean buoy between April and September 2000 (pers. comm., Andrew Laing). The MetOcean buoy
was located about half way between Cape Kidnappers and Mahia (177.39° E, 39.50° S) and the
Waverider was positioned about half way between the M<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>