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mha landforms and sediments in the lekemarginel and coastal ares
southwest of Banks Peninsula to Coopers Lagoon were studied to

ascertain coastal developments in this area during the last 15,000
vears, 411 surficisl evidence indicates shorelines following 7,000
veers B,P., when sealevels have been close fto thet of the present,

A seguence of shorelines is developed which differs from the conclusions

of some receant writers, This

n
[\

nizence is nloaced within an absolute

time—-gcale by comnaring former sealevels with knowi curves ol pogt=

mr

The nresent shoreliine of the [orthern Can*terbury Bight indicates a

receadin. sinreline on the western Kaitorete Barrier as well as furthsr

|
or 2 miles of *the hesch, These rTecent
diractions of movement on the coast give an indicaticn of longer~term
coastal actions: progradation and retrogradstion, The greater eogt=

ward exteut of dunes on the coast, couvared with durnes on the inner

Keitorete Barrier, suggests that nmore sand hes been transported along

recent Barrier shores, This may relate tc an eastwerd wmovement in the
sediment source,

ad

A serles of curving sikingle ridges on the inner margins of the Kai

Barrier indicete the form of an initial spit which developed from a western




shoreline, towards Banks Peninsula, Probable relations between the

jab)

heights of these ridges and cealevel (when they were formed) suggest
that this spit formed towards the end of the postglacial rise in
sealevel, nearly 7,000 years ago. Beach ridges on the seaward porticn
of the Keitorete Barrier indicate that shorelines along the Kaitorete

Barrier prograded following the joining of the Spit to the Peninsula.

An incres

[4)]

g in ridge levels in the east suggests a rise in sealevel

associsted with the rrogradation of the shoreline in this area,

Veve action on a2 former, higher Leke Dllesmere is demonstrated as forming

S

nrominent shingle ridges on the inner Kaitorete Barrier and western lake=

@

-

merging, V-rious lines of evidence sugpest higher lulkelevels, and

wave heights for this lake indicate that

=N

theoretical celculations o
waves would have been of sufficient magnitude to move the sediments
present in most ridges,

Loess is found to overlie relic shore platforms that are present on the
spur=ends of Banks Peninsula, This relationship suggests that the
shore pletforms, and ofther associated marine-formed features, were

formed at some preglacial high sealevel, Vaves formed on the Lake at

higher lakelevels are indicated to have recently exposed the platforms

"
W

nd ecliffsa,

L sequence of shoreline positions is proposed from 'glacial' times,
15,000 years ago, to the present. Shorelines earlier than 10,000 yesrs

B.P. are suggested to be seawards of Ellesnere, The positions and forms

of shorelines in the Ellesmere area between 10,000 and 7,000 years B.P.




are uncertain, Tentative shorelines, based on deductions from coaste
line dynamics, are suggested, South of Ellesmere the shorelines existed

several miless seawards of the preseunt coast at Raksaia, Shorelines

y)

following the presence of the Spit indicate that progradation was active

I8

along the whole of the Barrier, An oprosite movement, coastal recession

- k2
continued west of the Bsvrrier and eventually brought changes from PrO=

spradation o recession on the western Barrier, Former shorelines, trending

to the scuthvest, heve

Vestery Hsitorete Barrier, Muturea
over more ol the Borrier but the extent of these possible changes is

|
]
|
v
1
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. UNIVERSITY OF CANTERBURY
INTRODUCTION CHRISTCHURCH, Nz,
General

The geomorphology of the coastal area soﬁthwest of Banks Peninsula

is of considerable interest in the study of recent coastline changes

in New Zealand. Accumulation landforms between the Peninsula and
Coopers Lagoon record shoreline changes related to postglacial sea=
levels near the present level, Several writers have referred to

this area in studies of larger areas but only two defailed investe
igations have been undertaken. Conflicting opinions have been expres-
sed by different writers about the positions of recent shorelines in
the area, Thus a fresh study of the area, on the basis of recent
advances in coastal geomorphology in New Zealand, is felt justified.
Also, increases in the documentation of recent sealevel variations and
of the Canterbury Plains fan surfaces allow a sequence of coastal events

to be ordered in absolute time.

The study is concerned with the area southwest of Banks Peninsula to
Coopers Lagoon. Progradation has occurred in this portion of the
Canterbury Bight while coastal recession has removed evidence of former
shorelines elsewhere, There is sufficient evidence in the depositional
forms east of Coopers Lagoon to reconstruct past coastal positions and
to obtain a picture of recent coastal development, This investigation
provides a good opportunity to study coastal dynamics on a steadying
sealevel in recent times, It also provides a basis for assessing the

extent of future changes in the area,




Purposes

4n attempt will be made in this investigation to satisfy six aims.

These aimg arei:=

1. To describe and exnlain the landforms and sediments between
Barnks Peninsula and Coopers Lagoon. This peruits a better
understanding of the relative imporfance of recent processes

which have besen active in this area south of Christchurch,.

2. To investigate the direction of present coastal movements in
Korthern Canterbury Bight. ¥nowledge of erosion, accretion,
and stability, allows some extrapolation tec longer term coastal

movements such 2s progsradation arnd retrog:

%2, To describe the seguence of coastal changes northeast of
Coopers Lagoon consequent with the postglacial rise in sea«
level, Such an account would add tec the knowledge of recent
grhorelines in Canterbury, In addition to this it would allow
a greater understanding of the general dynamics of this coast=

line,

4, To evaluate the extent of the marine influence on the landforms
in the area surroundinz Lake HEllesmere, Different writers have
ascribed certain lakemarginal landforms to formation either on a

lskeshore or on a seashore,

5. To account fcr the eastwards increase in width of the Kaitorete
Spita This Spit exhibits an increase in width away from its
sediment source in the west, Spits generally narrow away from

their sources,




B

6, To ascertain the effect of Lake bllesmere on thne landforms
at the lakemargins, Prior to man's interference a lake of
larger magnitude may have exerted a greater influence on this

area than at present,

The realisation of these aims would contribute significantly to the
recent geomorphic history of the Canterbury Plains margins. This is
pecause the study area links the well-known coastal areas north of

Banks Peninsula with the lesser-known Canterbury Bight to the south,

Description of Study Area,

The study ares illustrated in Fig. 1, is a2 low-lying area dominated by
Lake Kllesmere and Kaitorete Spit. Banks Peninsula, on the north=
eastern msrgins of the area, provides the only major relief form, Land-
forms are otherwise subdued, with local relief variations in the order

of 5 ft to 10 f+t, To the north and east the surface grades from lske=

level t¢ slluvial fans with no evident change.

The study area is approximately 190 square miles in extent, two-fifths
of which is Lake Ellesmere, The area has physical boundaries on two
sides: the sea on the south and the hills of Banks Peninsula on the
east, The northern and western boundaries show no distinct physical
changes, A line from Taitapu to Springston marks the northern boundary

and one from Springston to Coopers Lagoon marks the western boundary,
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The Kaitorete Spit is a shingle barrier 17 miles long, joining the

outer fan-margins near the Hakaia River Mouth fto Banks Peninsula in

a continuously trending coastline. Lekes Iorsyth and kllesmere are
contained in devpressions landwards of the Spit, It is a low marine=

formed feature 22,5 square miles in area, lying mostly between 10 and
25 f1 above mean sealevel (+). The coastal margin is composed of a

mixed sand=-shingle beach backed by dunes up to 25 ft high. The lake-

ward margins of the Spit are lost beneath lakesilts,

Lake sllesmere is a large brackish water-body landwards of the Kaitorete

©

Snit. The is 77 area and has a maxinum denth of
~7 ft, The Lalke hog s catchmernt aree of 7850 square miles, two=thirds

of which is Canterbury Plainsz and the Lake itself, The selwyn liver is

the main river entering the lLake, It drains part of the foothills and
. N 5 / -

anters the Lake from the northwest, Burrows (1969) notes that water

entering the Lake from the Selwyn and other rivers averages 520 cusecs,

Present lakelevels are controlled by the Horth Canterbury Catchment Board
to maximum levels between +3.7 and +3.25 ft. When the Lake reaches such
levels an opening is created in the narrow shingle barrier st the western
end of the Kaitorete Spit, The Lake'drains into the sea until storm=
waves close the outlet with shingle, Snltwater can enter the Lake through
an open outlet at high tides and low lskelevels, and the Lake 1s generally

about 200k seawater.

(+} Levels will be expressed as + for levels above mean sealevel and = for

levels below mean sealevel, The 'mean sealevel'! term will be omitted.




The areas merginal to Lake BEllesmere are low-lying and flat to

slightly undulating. Low shingle ridges are present on much of

the western mergins of Lake Kllesmere, They have their best expres-
sion in the series of 'spits' which project into the bLake near Lakeside.
From these ridges the surface grades westwards imperceptibly into the
surface of the youngest alluvial deposits on the Canterbury Plains,
There is a similar northwards transition at the northern end of the
Lake, Between the hills and the Leke, on the northeastern lakemargins,
there are areas of partly stabilised dunes and sand-ridges, Por 12
niles west of the present coastal cliffs, the spurends of the Banks

Peninsula hills have been cut to form old shoreplatforms, stacks, and

Nomenclature

Placenames are talken from the lew Lealand Topographic Hap Series
1:6%3%603 Sheets 583, 584, 393, and 3594, In this respect Poranui Point
refers to the seacoast at the esstern end of the Kaitorete Spit. The
name 'Birdlings Flat' has been commonly applied to this area but the
usage of the current Topograpvhic series will be followed, Birdlings

Plat will be restricted to the area landwards of the present coast,

Geomorphic features are named, were placenames are absent, by some
distinguishing aspect, The name 'Speight Ridge' is used for the

significant ridge which trends east-west along the middle of Kaitorete
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USAG® OF 'BARRIER' AND 'SPIT',

This subsection seeks to clarify the naming of Kaitorete Spit, and

it will set forward the usage to be followed in this study. The

vord 'spit' is defined in the Glossary of Geology (American Geological
Institute, 1962, p 276) as "A small point of land or narrow shoal
projecting into a body of water from the shore" while Zenkovich (1967,
p 384) notes thst "Spits and arrows are attached to the land at one
end, The other end is free," Both definitions indicate that a spit
is fixed at one end with the other end free. Kaitorete Spit does not

satisfy this condition because both ends are tied to the land,

The writer feels that the term ‘'barrier' would be a more accurate
description of Kaitorete Spit. Price, in the bncyclopedis of Geomorpi-
ology (Fairbridge, 1968, p 51) defines a barrier as "a partly emergent
bar-like ridge of sand or coarser sediment lyving off a shore or shoal
and ususally subparallel to the shore, projecting from the flank of =2
headland or connectinz two headlands.™ 4enkovich describes features

such as Kaitorete Spit as 'beach barriers! (beaches connecting two head=

lands., ) Both writers include features comnecting two headlands in their

ideas of whaet a barrier can be,

This writer feels that the term ‘'spit' should not be applied to the
present feature; ‘'barrier' describes it better, For the rest of this
study the feature will be referred to as Kaitorete Barrier, The term
'gpit' will be used when discussing early forms in the development of

Kaitorete Barrier, which satisfy the definitions given above,
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Geological History

This brisf account will discuss both the study area and adjacent
areas. Knowledge of the assoclated areas is important because they
set the limiting conditions for the geomorphic development of the
study area, FPig.2 indiceates the position of the kllesmere area
between the two major landform units: Banks Peninsula and the
Canterbury Plains, It is important to realise that the sequence

of recent shorelines in the study area has been a response to the
special position of the area between these two land-units,

Balids PuilIlSULa,

Banks Peninsula consists of the erosion calderas of two volcanoes
whose central areas were situated where Lyvttelton and ikaroa Harbours
are now (fig 2). The volcanoes overlie a basement of Torlesse group

sedimentary rocks of possible Triassic age, exposed in Gebbies Pass,

This basem=snt probably underlies the Canterbury Plains st a varying
depth. Where exposed in Gebbies Pass, the basement is overlain by

andesite, sandstone, ana rhyolite with tentative ages from Cretaceous

to Miocene (Liggett and Gregg, 1965).

Stipp and HcDougall (1968) date'thepresence of the Lyttelton volcano

as between 12 and 10 million years before present (B.P.). Host activity
from the main Akaroa volcano was from 9,5 to 7.5 million years B.P. The
volcanoes are of similar composition; rocks in lava flows are either
basalt or andesite, Both volcances have a similar history. The

Diamond Harbour group ranges from 8.2 to 5.8 million years in age. These

lavas were erupted into the centre of the partly eroded Lyttelton Volcano.
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Both volcanoes have been extensively eroded on the margins and in
their central areas, Drowning by the sea has lead to deposition

in the eroded valleys and the formetion of erosion calderas,

CANTERBURY PLATINS ALLUVIAL FANS,

The Kaikoura Orogeny began in the Tertisry and reached its climax

in the middle Pleistocene (Soons, 1968), This series of earth move-
nents thrust up the Paleozoic and liesozoic sediments which now form
tha Southern Alps. Much of New Zealand was of similar rvelief to that
of the present in the niddle Pleistocene, but in Canterbury Banks

Peninsula was an island at nost sealevels,

tothe deposition of fluvio-glacial

(o

Late Pleistocens glaciations lea
outwash gravels from coalescing fans at the outer margins of the foot=

hills, A succession of glacial end interglacial periods lead to a

3 s
sequence of a2lluviel and merine deposits,. Theze sediments have gradually
formed the Canterbury Flains, The alluvial deposits and their related
surfeces form the present plain-surface. Fig.2 indicates the extent

of the Burnhanm formation (22,000 years B.P., Soons, 1968), the youngest
surface of the recent Otiran Glaciation. The Windwhistle formation
(greater than 45,000 years B.P. Gage, 1958) and older formaticns are
of limited extent at the surface; they dip beneath the younger gravels

and their horizontal extents are unknown,

The Springston formation is the youngest outwash surface and is either

wholly or partly of postglacial age (Sugmate 196%). It can he seen
of ha B i g > ?

on Fig,2 +to approach within 1 mile of the Lake's western edge, This
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surface approximates the study area's western margin, Suggate (1963)
sugcested that the Springston formation was relsted to aggradation in
the lower reaches of rivers caused by changing baselevels as sealavel
rose. Degradation in the headwaters ensured a continuing sediment

supply to the lower reaches,

HLLESMERE ARBA,

Holocene sediments were deposited during the last 10,000 years nainly
near present rivers and the coast, On the northern coastal plain,
fringing Pegasus Bay, ssnds and swanp deposits record a maximum western
shoreline position about 5,000 years ago, Procradation gince that
time has brought sbout an eastwards movement to the present shore
position, The Geological Map of New zealand 1:250000, Sheet 21 =

Christchurch (Suggate and QOborn, 1959) places all of the study area with-

in this category.

Between Lake FKllesmere and the Peninsula the sediments are predominantly
silts to medium sands. On the western side of the Lake shingle is
present in a hummocky ridge series, The Kaitorete Barrier is composed
of sand and well rounded shingle in a complex series of ridges. Towards

the Lake, silts overlie the shingle.

Sediments on the Barrier snd beach are similar in composition to those
in the outwash gravels of Canterbury Plains and different to those from
Banks Peninsula, Pebbles are dominantly of 'greywacke' composition:
they are slightly metamorphosed sandstones and mudstones, Minor

v

quantities of igneous and siliceous rocks are also present. The
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composition of the pebbles on the Barrier precludes any possibility

of its forming from meterials derived from the rocks of Banks Peninsula,
Thus the peculiar shape of the Barrier: a vestwards decrease in width,
cannot be explained by spit development from Banks Peninsula, The
formation is necessarily related to sediments from the fan gravels and
rivers southwest of Coopers Lagoon. Therefore this shape must be
connected with coastal changes during the Barrier's development fron

the west.,

The important time=period for this study is the last 15,000 years.

This period follows the deposition of the Burnham formation and includes
that of the Springston formation, The important factor, related to
coasts in this period, is the glacio=-eustatic rise in sealevel, Shore=
line changes in Horthern Canterbury Bight have been related firstly to
the rising sealevel, and secondly to processes of coastal rectification

following sealevel stabilisation about 5,000 years ago,

STABILITY OF THE AREA,

It is not known how stable the study area has been tectonically, This
is because there is no direct evidence of recent tectonic movenent,
There is no evidence of recently active faulting on Banks Peninsula or
the surrounding Plains, and earthguake activity has so far been minor,
£1so, the region is situated 35 miles from the tectonically active
Southern Alps, However, Suggate (1958) notes that oxidation has heen
active in the gravels beneath Christchurch to depths of =550 ft, and

could suggest subsidence if sealevel curves for the late Pleistocene
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did not reach this depth.

Suggate (1968) noted that any vertical movensnt which has occurred

in the area would need to be equal over the whole area because the
symunetrical form of the calderas indicates that tilting has been absent.
In the absence of any positive evidence for tectonic movements in the
last 15,000 years the region will be assumed tc be stable. Thus,
changes in the vertical relations between land and sea will be attributed

to sealevel fluctuations,

b
™

o4
A
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ylevel Vardations,

N

Recent writers generally accept that sealevel has risen from between

200 and 300 feet below mean seslevel to its present level, during the
last 15,000 years. This is in response to the glacio-eustatic adjust=
ment to climstic amelioration and widespread glacial recession during
this time, The curve of glacioceustatic seslevel rise is important o
this study because of the very small number of Carbon 14 dates in this
area, The sealevel curve offers an indirect way of dating events which
were related to sealsvel, The accuracy of such inference is relsted
firstly to the accuracy of the sealevel curve and secondly to knowledge

of the precise relstionship of the landform with sealevel.

The envelopes of dated sezlevel positions in Figs., 34 and 3B indicate

why there are differences of opinion as to the precise curve of sealevel

rise, The differences in opinion awmong workers in this field ig related
to differing evidence in different areas, This variance in evidence is

related to three factors. They are:=




1, Sealevel curves may be derived frem areas vhich have under=

gone some vertical movenment,.

o

2. Samples which are dated may give an inaccurate sealevel indic-
ation because of misinterpretation of their reletionshins with

sealevel,

%, Sauples nay give inaccurate ages through sample contamination,

The mogt likely ressons for discrepancies are vertical movements of the
areas involved and misinterpretation of samples' relationships with

sealevel,

In Tig 34 Curray's generalised curve of sealevel rise indicates a sea=
level approximately =260 ft 15,000 years ago (Curray, 1965). The
envelope of sealevel dates in Fig 34 suggests that considerable reliance
cen be placed on Currav's curve of sealevel rise until 7,000 vears B.FP.
This part of his curve suggests a rise in sealevel to a level near that
of the present in 8,000 years, a rate of 3 ft par century. This rapid
rise would ftend to bring about shorewards movement of the shoreline in

coastal areas, In Canterbury Bight this landwards movement mey have

been of the order of 25 miles,

Por the veriod covering the last 7,000 years three broad tvpes of curvs

have been advanced, These types are:

|
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1, 24n oscillating sealevel about that of the nresent (Feirbridge,

1961; Schofield, 1964).

2. A sealevel reaching the present level 5,000 vears ago, and
remaining approximately constant since that tinme (Shepard,

1963; Suggate, 1968),

‘A
°

i slowing rate of sealevel rige which did not reach its maximum

until the present (Curray, 19653 Jelgersma, 19615)

Vhateven the nature of the real curve of sealevel the envelopes suggest

U o1 o
a sealevel within = 15 £t for Tt

it can be expected that Transgressive shoreline nmovenents would have been

renlaced by movements related to the development of equilibrium coastlines,

Thus prosradation has been recorded during this time on some shores in

many parte of the world,

Currey's curve of seslevel rise will be used to broadly date sealevels
prior to 8,000 years B.P, Between 8,000 years and 5,000 years B.F.
Suggate's curve of sealevel rise will be used for broadly dating sealevels
(suggate, 1968)° This is because the curve is local, being derived from
" the Christchurch area which is 19 miles north of the study area, It
shows the relationship of land and sea in the Banks Peninsula region in

recent time, even if the &rea has been subject to vertical movement,.

following 5,000 vesrs B.P. no attenpt has been made to date shoreline
events by analogy with sealevels, becsuse of the considerable variation

in dated sealevelss
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The broad dating of events in the area prior to 5,000 years B.P,

will introduce the time factor intc this study. Barlier writers

have not had the means with which fto place events in the area into a
time-scale, This has lead to differences of opinion as fto the actual

sequence of events and shorelines in the KWllesmere area,

Previous Investigations of 3Study irea.
Carruthers (1877) was the first writer who recognised the importance

of wave action on littorel drift and in forming spits, He realised

that the deitorete Bervier was formed by longshore drifting of sediment
from the south, The area did not receive attention again until Speight

nublished erticles about the Canterbury area in the early 20th Century.
Speight (1910) wrote that the Barrier was formed by shingle moved north
by coastal currents. Marshall (1912) mentioned Ksitorete Barrier in
connection with the position of outlets of barriers. He wrote that the
opening in a barrier is always at the updrift end, and cited the Kaitorete
Barrier as an example. He gave no reasons for his conclusions however,
Jobberns (1927) repeated Speight's (Speight, 1910) explanation for the

resence of the Barrier, and attributed its origin to & northerly current.
1Y ) g N

Speight (1930) published the most authoritative work on the Barrier to
date. He accepted wave action, rather than coastal currents as earlier,
g8 being the action moving sediment northwards to form the Barrier, In
this study Speight gave a good descriptive account of the sediments and
landforms on Kaitorete Barrier, Writing prior to the development and

acceptance of the hypothesis of glacio-eustatic sealevel variations,




-19-

Speight attributed changes in lend-sea relationships to movements

of the land, He aftempted to exnlain the formetion o

183

bt

certain
ridges on the inner Barrier and the western lakemargin in terms of
waves Trom the sea after the Barrier had formed, suggesting that the
land was lower and the Barrier was 'awash', The sea could enter the

area of the present Lake and waves formed the following features:

1, A 'Barrier beach' on *the inner Barrier (Speight Ridge in

this study.)

2., Ridges at the western end of the Lake,

3. Shorenlatforms, stecks, and c¢lifls on the s

Peninsula,

Thompson (1964) however arrived at some different conclusions to

Speight (19%0). Thompson suggested that the Speight's 'barrier beach!?
and the ridges st the western end of the Lake were formed by waves on a
former higher Lake Ellesmere, He further correlated the levels of the

shoreplatforms with the Princess Anne sealevel of 85,000 to 90,000 years

B.P., thus implying a preglacial period of formation,

Susgate (1968, p 292) on the other hsnd, argued for a more recent origin

f the shoreplatforms. He wrote:

f "and the fresh appearance {of the shoreplatforms) indicates a

% postglacial age., All the spur ends are modified to substantislly

] similar extents, which would be unexpected if the beaches were of

| interglacial age, uncovered along a postglacial lakeshore," (p 292).

e also advanced evidence from the western margins of Lake lillesmere
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for recent shorelines in the Ellesmere area, He wrote:

"A seashore is also indicated by the straightness of the north-

wegt shore of Lake illesmere. In the south-west spits developed

but feiled to extend to Banks Peninsula ..." (p 292).
Susgate mapped approximate shoreline positions for 10,000, 7,500,
and 5,000 years B.P. in the Ellesmere area, The shorelines are illustrated
on Mig. 4. They indicate the sea to have been recently within the

Bllesmere area and the Barrier to have been formed within the last 5,000

years.,

Burrows (1969) drew similar conclusions to Suggate feor the shore-

oo

Like Thompson (1564)
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platforms snd the ridges on the wes
he ascribed the formation of Speight Rlidge to waves on a higher Lake
Bllesmere. Burrows tentatively suggested an age of 2,000 years for the

Barrier,

From this brief review of previous investigations of the area there

appear differences among writers on several points, Included among the
more important questions which arise are those related to the age of shore-
platform cutting, to the mode of formation of the ridges on the lake margins

and inner Barrier, and to the actual shoreline sequence in Zllesmere,

Part of the answers to sone of these questions lie in understanding
what is presently happenlng cn the cosst, Kirk (1967, 1969) undertook
a detailed study on the coastal processes and beach responses in Canterbury

Bight. He gave new evidence about the present coastal processes and the

present cosstal development in, and adjacent to, the study area.

|
i
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Kirk (1969, p 35) concluded that the present "net longshore transport

into this sector from the south is small," He wrote that dominant
sediment movement in present storms is shorenormal: sediment is moved

offshore during a storm and returned to the beach following it. He
urther suggested that sediment released to the beach system through
erosion of the coastal cliffs between the Rakaia and Rengitata Rivers

is largely lost offshore.

Zirk's conclusions are surprising in view of the established origin of

the Kaitorete Barrier by longshore sediment movenent from the west,

If these conclusions are cenfirmed, it will mean that tihe conditions which
formed the Barrier have since ended. It could also mean that present

processes are seeking to modify or destroy Keitorete Barrier,

i
i
I
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Sunmmary

This section has been concerned with indicating the study's purposes

and providing the background necessary for this investigation.

In the following two sections the basis for this investigation will

be fully laid, lethods of data collection and analysis will be
described. Following this the major landform groups of the

illesmere area will be briefly described and discussed. This will
allow some understanding of the interrelationships of landforms in
different areas and also indicate the spatial nature of *the problems
to be studied, These sections will provide the basis for the results

and conclusions reached in the successive sections,
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PROCEDURE

General

A large portion of this investigation involved fieldwork but a
significant part was concerned with other methods of data collection,
Fieldwork was n=cessary to gain an understanding of the complex evidence
for former coastal and lacustrine environments in the study area.
Knowledge of processes acting on the present beach is necessary to test
and evaluate the conclusions arrived at by a study of the landforms.
Fieldwork was undertaken to investigate marine processes. Also,

theory was employed to study scme effects of wind on the cosstal dunes
and on a higher Lake mllesuerse, Analysis of aerial photographs, maps,
and well records served f¢ provide further information about landforms,

processes, and former shorelines,

Landforms were studisd in several ways, Interpretation and mapping

ol
£

of features was undertaken from aerial photographs, Relationships
could be discerned in this wa& which were not apparent in the field.
Profiles were surveved and transects were taken, across prominent
features on Kaitorete Barrier, These gave informetion about levels of
ridges, swales, and other significant landforms, Also detailed invest-
igation of landforms was carried out in the field. Sedinments, bedding,
and stratigravhic relations gave further information about the modes of

formation of various landforms, Particle size and shape analyses also

allowed a few inferences to be drawn about processes forming some features.
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Marine processes were studied by collecting information on various
wave parameters and on some beach responses, The wave parameters
gave an indication of the wave environment, The beach responses:
volumetric beach changes and various sediment characteristics, gave
some indication of the actions of the present beach, Wind data was
analysed from records taken at Taumutu between 1951 and 1956, One

year of wind records was analysed in detail to gain theoretical

information about wave heights on a higher, more extensive lLake Ellesmere,

Infornation about recent shorelines within Ellesmere was obtained from

wellhole records, berly workers wrote conflicting renmarks about the
outlets of Lalkes killesnmere and Forsyth, Unfortunately these different

opinions carmot be tested because old maps lack the precision necessary
to allow for valid inferences about coastal changes over the last 100
Vears,

This section will describe the methods of investigation used in this
study. Methods involved in landform and sediment study will be
discussed first. This will be followed by a description of ways that
information about processes was gathered, The use of wellhole records

will finelly be discussed,
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Landforms

ABERTAL PHOTOGRAPHS

Lerial photographs were valuable in studying Kaitorete Barrier

because the flat nature of the area often precluded the recognition

of groups of ridges on the ground. Aerial photographs allowed groups
of ridges with distinct plan-form characteristics to be identified.
This enabled a more precise study of ridge groups and relationships
between groups than has hitherto been undertaken., Lerial photographs
also allowed for the investigation bf ridge patterns as reflected in
the vegetation on the inner mergins of the eastern Barrier, These
ridges are buried beneath lakesilts and cannot he easily discerned din

the field,

The 1952 aerial survey, with a photograph scale of approximately 20
chains to the inch, allowed individual ridge-axes to be mapped. The
aerial photographs used in this study are listed in Appendix I . Field
investigation was carried out where questions arcse from studying the

ridge-axes.

PIELD STUDY OF LANDFORMS.

Certain landforms, or groups of landforms, identified on aerial photo-
graphs were studied further in the field, Evidence of their depositional
history was scort in the form of the surface, in the sediments and bedding,

and in the relationships of the landform with associated landforms,
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Bxposures of sections through depositional landforms were limited
because of the low-lying nature of the study area, In most of the
northeastern and western lakemarginal areas they were restricted to
shallow drains,. On the Barrier there were only two sections through
ridges and both of these were at the eastern end, The absence of many
significant ervosures means that conclusions must be derived from the
surface form and apparent relationships between features, and also

from their sediments. Conclusions thus often lack the certainty which

good exposures would give,

RIDGH PROFILIS,
Profiles were surveyed across significant features on Kaitorete Barrisr
and at Taumutu, Their general locations are shown on fig 5, while the

more precise position of each profile is described in Appendixz II,

ot
Y
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Two profiles cross some inner ridges at the eastern end, five cross

Barrier, and ons crosses the barrier beach sepsrating lake Hllesmere from

jav]
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the sea, An additional profile crosses the lakemarginal ridges at
Taunmutu. Heights of ridges, swales, and ofther significant features
were noted,

& Hilger and watts 'Dumpy’

level and staff graded in hundredths of a

foot was used fc survey the profiles. Accuracy of this instrument was
maintained to z 0,01 £t in 150 f% by M. Reay, University of Canterbury
Geography Department Technician, The instrumental error, when compounded
for 40 changes of sftation over an 11,000 ft profils, could produce a total

+ - ; ‘n b
error of = C.8 ft, Unfortunately no benchmarks were present in the areas

surveyed to check the accuracy of the levelling.
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Profiles were connected with a datum by surveying from the level

of Lake Ellesmere, A continuous lakelevel recorder at Taumutu

records levels, with mean sealevel in Christchurch as the datum,

Thus heights above mean sealevel were obtained for all profiles,

Brrors may be incurred when lakelevels are used because of fluctuations
in the level of the water produced by wind 'piling up' water at the
downwind end. Lekelevels were thus used at times when conditions

1

were calnm and the Lake was low, Water-levels obtained for the various
profiles show a variation of 0.35 ft while recording a slight increase

in lskelevel,

STBSURPACE TRANSECTS.

Vegetetion growing on lakesilts on the eastern portion of the inner
Barrier exhibits a pattern of lines and curves. To investigate whether
the vegetation pattern is & response to subsurface shingle ridge and
svale patterns, the form of fthe underlying shingle wrs noted along

three east-west transects and two north-south transects, The lccation

of these transects is given in fig 5 and Appendix ITIA,

Depths to the shingle surface were measured by forcing s thin steel
rod vertically into the soft silt until it reached shingle, On the
east-west transects the near-level lakeflat surface was estimsted to
vary by about :0.25 ft. A surveyed difference of 0,10 f+ in 180 f%
on Transect C Confirmed this. The north=south transects were tied with

surveyed profiles which proceeded from the water-edge. These profiles
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cross Transects A and C, Thus all transects except Transect B

are tied with mcan sealevel,

SuDIMaNT ANALYSIS,

Ty

samples were collected from locations on the Barrier and lakemargins
for particle size and shape analysis, These parsmeters allowed some

distinction to be drzwn between certain environments of deposition.

Particle size showed differences between dunes on the coast and on the
akemargins, shape parameters indiceted possible differences in

selective processes vetween sediments on the northwestern lakemsrgins and

he precise locetions for sediments used in thi=

study rre regoriad in Avrendix IV,
Sediment analyses were performed at the Unilversity of Canterbury
Geography Devsrtment Physical Laboratory,

|

Jry Sieving

e

Ur

yemples were washed and dried, They were then shaken on an 'Endrock!?
shaker for 15 mintues in sieves, with half phi divisions, which con=
formed to the British Standard Code of Practice, Humber 410, Weighing
of the sediment on each sieve was carried out using a 'Hettler HET

balance., Proportions, by weight, in each sieve size were calculatad,

D

These were converted to cumulative percentages and plotted on logarithmic
paper. Percentile values were read off and the grain size parsmeters

of Folk and Ward (1957) were calculated, Formulae used in the calculs-

tion of these vparameters are given in Appendix V.

;
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Pipette inalysis.

Tine sediment samples of approximately 15 gms were weilghed and

placed in a beaker with some distilled water. Organic matter was
removed with 107 Hydrogen Peroxide solution and the sample was heated
in a 70°C oven until the reaction was completed, he sample was then

washed intc a metal mixing flaslk and & dispersing agent (Calgon) was

added; the sample was violently stirred using a soft=drink mixer. ihen

no flocculation occurred the solution was wet-sieved inte a litre measuring

cylinder,

hAfter wet—sieving was completed the residue, containad on the 40 sieve
(0,063 nm mesh), was dried and analysed according to procedure described
above. Pipette analysis was carrieﬂ out on the silt and clay fraction
in the litre jar. The solution in the jar was agitated with a stirring
rod and then allowed to stand. soemples of 20ml solution were withdrawn
st selected time intervals and depths which gave half phi divisions up
to 6 and whole phi divisions between 6 and 108, The 20ml withdrawals
were placed in beskers of known weights end dried in an oven, The
welght of the sediment in each beaker was calculated. The total sample
weight in the jar was calculated from the initial withdrawal, The dry-
sieved and wet-sieved fractions were combined and the proportions in
each size class were derived, Particle sime distributions were plotted

as described above, and particle size parameters were calculated,
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411 particle size names used in this study relate to sizes defined

in Folk (1965),
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Roundresg and form anglyses waora

Selwyn River, 4 samplss from the ce area, 4 sanples froo a
transect across the Barrier, and 12 beach samples, Locations of thene
samples are given in Aprendix VI, Roundness was derived using Power's
Visual Houndness Scale, Form was related to measurement of the three

main axes of B0 greywacke pebblas contained on 2 =5 phi ¢ sieve, Tor

zach pebble the ratios of short to long 2xis (S/L) end long ninus inter-
mediate axis divided by long minus short axis ((LnI,,(L $Y) were calculatelo

"ollkte (Folk, 1965) ‘'Effectiv Settling Sphericity' index was alsc

calculated using the formula ren in Appendixy V. The ratios were |
plotted for each particle on Folk's Sphericity-Form diagram and the

proportion in each form class was derived

Weathering Modification,

Samples which were collected on the transect acrozs the Berrisr at |

Birdlings Flat were also studied for weathering modification, The
thickness of a gone of staining by iron was measured on coarse-grained

greywacke pebbles from each sample,

Processesg

WAVES

Wave data were recorded on trips into the area by the writer and also

e

on 41 consecutive days by lMr. Bob lWeale, a seni-psrmanent resident of

Birdlings Flat Settlement. The data was of wave height, wave period,




31

and deep-water wave direction,

The writer reccrded wave data at various points on the coast, on

24 occasions between late December 1969 and March 1970, lMr, WHeale
recorded daily wave data at Poranui Pt. from 7th April to 17th May
1970, Two checks were made by the writer of hic data and the records

compared well,

VOLUMETRIC BUACH CHANGES,

Seven besch profiles were surveyed in December 1969 between Poranui Pt,
and Taumutu, The general positions of these profiles are also indicated
in fig 5. The profiles were shorenormal lines which ran from datums

on the backshore to wave brealk point, wxact locations of the datums

are described in Appendix VII,

Profiles were surveyed using the same level and staff as for the Barrier
profiles, Brrors using the instrument over a distance of 400 ft and
changing station up to three times give a cumulative survey=error of

L 0.07 ft.

Points 50 ft apart on each profile were resurveyed in February, March,
May, and July, 1970. The vertical level-changes were calculated and
converted to volumetric beach changes by considering a 1 £t wide sirip
of beach and comparing successive surveys with the December 1969 survey.
Profile 1 was omitted from the analysis because considerable errors were

inveolved if the survey line was not shorenormal,
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BUaCH SEDIMENTS,

Beach samples were collected from surveyed profiles and from three
additional beach traansects during the surveying of the karch, 1970
profiles, The precise locations of these samples are recorded in
Appendix IV, Particle size and shape parameters were used to invest-
igate the possibility of longshore sediment trends., Such sediment
trends could indicate the action of longshore sediment movement at the

present,

The semples were collected on a stratified-random sample plan, Pour
zones were delineated on the beach on the basis of beach morphology

and sediments. These were:

1. Dbackbeach, a low sloping zone of sand and large pebbles,

2. upper foreshore, a steep sloping zone of granules and pebbles,

5. lower foreshore, a level or low sloping zone forming the backe-
slope of the active beach, and composed largely of cobbles

with smaller sizes beneath,

4, lower swash zone, granules and sand sizes sloping to wave

break point.

Une sample was randomly selected from each zone, Samples of one
kilogram were collected where pebbles and cobbles were significant,
Otherwise samples of 300 grams were collected, The samples were

analysed according to technidques described earlier in this section.




3%

Wellholes

Wellhole records, kept af the Geological Survey, University of Canterbury,
were studied to obtain information on recent shorelines in the Lillegsmere
ared, Two well records also offered information about the vertical
extent of Kaitorete Barrier. The use of wellhole data was severely
limited by the paucity of good well records, However a small number

of wellholes between Lakeside and Taumutu, and between Greenpark Huts

and Lincoln, offer some information. Wellholes from these areas are

referred to in the text.

Relevant wellhole dats to the purpoze of this study is sediment size

and sediment colouvr, Size gives some indication of the environment of
devosition; 1n this area cosarse sediment suggests a fluvial or coastal
situation, while finer sediment suggests a lagoonal, offshore, or near-
shore situation. A brown sediment colour indicates an oxidising
location (above the water-table) while a blue colour reflects a situation

where reduction has been prevalent (marine or, if on land, below the

water—table.)

While a dense network of adequate well records tied to significant
dates may allow the tracing of shorelines, the sporadic network in
Ellesmere allows few conclusions to be drawn, However the information

£

added is signif
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Surmary

In these initisl sections much of the basis for the present study

has been developed, The relevant basic information has been given
and the aims stated, Description of the procedure that has been
followed, both in collecting and in analysing data, has indicated

the varied bases of this investigation. Three main lines of study
have been discussed: landforms, sediments, and processes, However,
the study does not follow this format but instead follows a broad

framework relsted to the mein processes which have been active:

llarine, lacustrine, and aeolian processes, In the kllesmere area
this follows certaein areal divicions, Thue landforms, sedinents, and

processes are studied together for the different areas. Before dealing
with these areas seperately 1t is necessary to gain a more distinct

nips of the various landform groups in space.

jedo
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The following section will seek to fulfill this purpose. In a on
to this it will further define and clarify cuestions which have been

asked in the first section.




HAJOR LAINDFORMS £MD SEDIMBNTS IN STUDY AREA.

This section serves as an introduction to the remsinder of the
study. In it the major lendforms and the sediments are briefly
described, K treatment of the whole area at this point enables
landform groups, discussed separately in following sections, to be

understood in the context of the whole srea, Also a fuller descript-

ion of the major lendforms than hes already been given, n«
full imolications of the conclusions reached later to be realised,
Thus, this introduction tTo the landfaorms and sedimentg is of cone

sideravle importance to the anslvsis which will follow,

section, is indicafed in Fig. 6. These landforms will be discussed

under five major areal headings, These are:

1. Beach

2. Kaitorete Barrier

3, lestern Lakemargins

4, Vorthesstern Lskemarging

5. Spur-ends of Banks Peninsula,

It should be noted that certain points expressed in the following

discussion are based on conclusions reached in the succeeding sections,
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BEACH,

The present beach is a narrow zone between 300 and 400 f{ wide,

It is a sand-shingle beach sloping between 5 and 10° from the break
point to the backshore area, A step at the brealk point merks a
sudden increase in depth from the foreshore to the nearshore zones,
Tor the easternmost 2 miles the beach has the characteristics of other

shingle beaches; three wave-~formed berms z2re often present at success

sively lower levels between the backshore beach ridge ani the low energ

wave zine, Purther west, the beach deposit is of mixed sand and shingle,

and such Teatures sre less noticeable,
For nost of the Kaitorete Barrier dunes are present landwards of a
narrow backshore area, In other beach situstions backshore areas are

more extensive and form an inportant part of the beach system.

The heach forms the 20 mile southern boundary of the study area, and
comprises the northern segment of the beach fringing the Canterbury
Bight between Banks Peninsula and Dashing Rocks, Timaru, It is
important to understand that the beach in the study area is part of a

much larger continuous beach, Thus, landward or seaward movemeut of

.

the coast in the morthern sector is related to the attempts of the whole

heach to form an equilibrium with the wave regime,
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s ITORETH BARRIER,

Barrier Ridges.

Marine-formed ridges are present landwards of the beach on Keltorete
Barrier, This ridge area extends approximately 15 miles in an essi=
west direction,. It narrows westwards from 1.5 miles wide at

Birdlings Flat, to 100 verds wide in the extreme west where it is

covered by dunes., Speigrt Ridge forms thie northern limit of the
Barrier Aidges,
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hxial trends of the Barrier Ridges are
foldout map inside back cover. ) The trends of the ridge-axes in the
extrene west of the Berrier run obliguely to

ormer shorelines crossed the present coast,

positions of eerlier western shorelines are importan
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the Barrier, £ 9,000 ft profile across the ridges
in the east shows an irregular increase in ridge heights from +9 £ +to
+30 ft over the inner 5,000 ft. A levelling out of ridge heighis around

+30 ft was noted over the subsequent 4,000 £t to the sea. The seaward
increase in ridge~levels is important when considering the age of the

Barrier.

Coastal dunes are present along most of the area's seaward mergins,
Dunes landwards of fthe coastal dunes are restricted to two areas, An
area of Western Inner Dunes is indicated in Fig. 6. to be in the extreme
west of the Barrier Ridges. The dunes are low dunes, less than 5 £t
high, which were formed before the coastal dunes. The Bastern Inner

4

Dunes are present east of the nmiddle Barrier. They are low dunes with
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very irregular plan-forms, situated landwards of blowouts in the
Coastal Dunes, Two questions related to the dunes on the Barrier

t 1s important to ask why the dunes on the coas

=1

need to be asked,
decreasse in extent to the ssst, and also, why dunes are largely sbsent
from the inner Barrvier eastwards of the vestern Inner Dunes. The

solution to both of these cuestions allows for a better understanding

of the sediment budget on the present,; and earlier, cossts,

Lake=formed Ridges,

Conclusions arrived at in later sections suggest that Speignt Ridge
and other releted ridges were formaed by waves from the lake, The

~

lake=formed ridees on the Berrier include {from east to west):
Birdlings Velley Ridges, Railway-Cutting Ridges, Speight Ridge, anc
Bavleys Ridges. The relations of these ridges to the uwarine-formed
ridges cen be seen better on Fig. 7. (inside back cover)., The ridges
forwm the lskewards meargin of the Barrier Ridges., The main ridge
(Speight Ridge) truncates the inner Barrier Ridges; those in the east
have been deposited within a re-entrant angle between Barrier Ridges
and spur=ends. Bayleys Ridges appear as s complex depositional ridge

L (o]

series in the west adjacent to the Western Inner Dunes.

Witk one exception lakewaves have removed evidence of the marine

ridges on this inner portion of the Barrier, The exzception is a series

of hooked shingle ridges (Hooked Ridges), preserved beneath lakesilts

on the inner margins of the eastern Barrier.
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Hooked Ridges,

The Hooked Ridges occupy an area, 4 niles in esast-west extent and half
a mile wide, on the eastern inner Barrier, Traces of the ridge-axes
in Pig. 7. (inside back cover) indicate & series of linear east-west
orientated axes; curved hooks branch frou them and trend norithward
towards a north-south orientation. The level of the ridges is between
=5 ft and +5 [t. The plan~forn end level of these ridges raise
imvortant guestions, It is necessary to ask how these ridges were
formed and furthermore, why they were formed at this level, Anawvers
to these questions have an important bearing on early coastal develop=

ment in this aresa,

LAKEMARGINS .

Ridges are present on the western lekemargins and have been related by
various writers to former shorelines, The absence of any direct
relationship between these ridges and the Barrier raises the important

question of their age of formation: are these vidges evidence of

former marine shorelines or are they relsted to & former lakeshore?

The Taumutu Ridges fringe the lakeshore for the southern 2 miles of the
western lakemargins, They are 2,000 ft wide at their widest point
near Taumutu, but they narrow northwards to less than 500 ft, This
ridge series hes a regular ridge and swale form, similar to the ridges

on the Barrier. FPig. 7. indicates that near Taumutu they are orient-

ated Tacing the northesst,




40~

Tha Lakeside Hidges are present south of Hart Creek as four low
projections extending into the Lake, Mfor B8 miles north of Hart
Creek these ridges are present as a humnocky shingle deposit of
varying dimensions, situated about two=fifths of a mile from the
present lakeshore, The surface form of this ridge area differs to
other ridge areas in that there is no ridge and swale form. The

level of these 'ridges' varies; the projections have surfaces less

sy
[
°

than +8 ft but the area north of llart Creek has a surface up to +15

RORTHEASTLRY LAKKHARGINS,

The northecstern lakemargins differ to the areas nmentioned sc far

in that the features in this area are formed of fine =and, In this
area it ig difficult to distinguish between ridges and dunes, so both

terms are used somewhat freely .

The Davidsons Road Ridge forms the most distinet feature in the whole

area; this is an undulating area which rises 10 ft from the neapr-

Qo

flat lskemarginal ares, The Greenpark Ridges are a low set of distinct
ridges less than 4 £t high that parallel the present lakeshore. Towards
Motukarara a shallow lakeward-facing slope indicates a ridge feature
(Ridge Road Ridge). In Gebbies and McQueens Valleys low dunes less

than 5 ft, are present in a broad belt 250 yards wide. They cross the

mouths of both valleys.

The base of most of these dune and ridge features is +6 £t but that

of the dunes in Gesbbies and McQueens Valleys is approximately +10 ft,
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These dune and ridge features are in an area which separates the

present lakemsrgins from the spur-ends of the Peninsuls, They raise
an important guestion for this study: were they formed adjacent to

former marine shorelines or were they formed adjscent to esrlier more
extensive lakeshores?  The distance of this area from the present
Barrier makes it difficult to answer this cuestion because stratigrapric

asso ,fjons are absent,

SPIR=ENDS OF BANKS PHITNSULA

Various relic marine abrasional features are present on the spur=ends of
the Peninsula for 2 considerable distence from
extend for 12 miles west of the present coszstal cliffe at Porarnui P,

Shorepletforuas are common west of Kaituna, In some locations ths

@

platforms are backed by c¢liffs in the basalt, but more often cliffs are

obsent and the platforms hsve an uncertain relatiocnship with the associzted

loess, Cliffs with shorevnlaitforms reduced or shsent, are vresent east
of Kaituna, Stacks are located at Kaituna, Motukarara, and Ahuriri.

The presence of these definire marine-formed features at fthis location

landwards of the Kaitorete Barrier, and at this height above mean sealsvel,

poses the problem mentioned earlier: were these features formed by 2

=

ecent shoreline adjacent to the Peninsula or were they formed at some
his postglacial period? The angwer to this guestion
has consequences for postglacial sealevels in this area. If these land-

forms were formed on a postglacial sealevel they indicate a sealevel

possibly between +10 and 415 4%,




It is clear from the foregoing discussion that similesr questions are

being asked in several separate areas. It is necessary to know whether
former shorelines were within the hLllesumere area at a seslevel unear, or
above, that of the present, Interrelated with this is the question of
the influence that a former more extensive Lake lkllesumere had on the land=
forms of the lakemargins., Thus. general problews have appeared which are
not linited to one area; they have a general gsignificance for all lake=
marginal situations. & Tew of the problems involved in answering these

questions are indicated in the following discussion of the sediments.

sedinments

i)

The sediments present in the depositional lendforrs were described in 2
previons section es having one immedlste source: the alluvial gravels
of the Plains, The provenance of sediments in this parft of the Flains

area is similar, Thus, particle composition is little help in differ—

entiating envirvonments or sediment movements,

PARTICLE SIZE.

Sediments with mean sizes between silt and large pebbles are present

within the area, Silts and fine sands are found in lakemarginal situations
while the various dunes are formed of sands, Landforms on the western
lakemarging and on most of the Barrier sre largely coarser sediments:

granules and pebbles, Thus, a considerable range of particle sizes were

encountered in fthis study.

Particle size parameters allow two distinctions to be drawn between

sediments from different environments, These distinctions are:
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1, eamong sediments in different dune situations in the study

area,

2. Dbetween sediments in dunes and those in Hidge and Beach

situations,

These arise when comparing mean grain size and sorting. Bnvelopes of
sanples from various situations, illustrated in Fig, 8, show these
distinctions. Dunes in Gebbies and Mclueens Valleys have finer means
than those from between Greenpark Huts and Lincoln, These dunes from
the northecastern lakemargins have finer means than the dunes on the

Kaitorete Barrier, The poorer sorting and coarser mean grain sizes of

node to the sediment, ‘he wvarious dune-sediments can be

distinguished frowm the sediments on the nresent beach and those in the

various shingle ridges,

The distinetion between the lakemarginal and constal dunes allows some
conclusions to be drawn about the dunes on the northesstern lakemargins,
Othervise grain size parameters offer little differentiation hetween
depositional landforms that can solve problems in this study. Sediments
from the Barrier Ridges, Barrier lakeformed ridges, and Lakeside Ridges

mostly fall within the envelope of Beach samvles in Fig. 8,

This inmportant method of investigation is thus of limited use in providing
answers to major questions arising in this study. However, in contrast
to this, particle form analyses allow some distinguishing of certain lande

forms,

]
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PaRTICLE PORM.

Two measures of perticle form are mentioned in this study; fhey

are psi (Effective Settling Sphericity) and an asscocilated index of
flatness, the S/L ratio. It appears from the few seamples teken, that
sediments from the Lakeside Hidges and the Selwyn River have different
sedimentform characteristics to those on the Barrier and Beach, Fig, 9
indicates the higher proportion of flatter particles on the Beach and
Barrier coupared with those from the other two areas, The Beach and
Barrier have a correspondingly lower proportion of compact particles,.

lean 3/L ratios are presented in Table 2 along with mean psi values,

Both of these measures indicate similarities between the Beach and Barrier

sannles, and between Lakeside Kidges and iliver samples. They botk sglso

"

indicate & brosd differentiation between Barrier and Beach and those from

the lLakeside Ridge and River situation.

These distinctions and similarities raise questions which are of
importance to those which were asked earlier, It is necessary to ask
what the relationship is between sediments in the liekeside Ridges and

those in the Selwyn Hiver. One must also ask what the distinction

between the Lakeside samples and the Barrier and Beach samples signifies.

Succeeding sections will attermpt to answer questions which have been
raised in this and earlier sections, This section has been concerned
only with asking themn, It has tried to view the area and its problems
in a spatial contexd. Without consideration of the areal relations of
the landforms it is difficult to note the implications of the problems

which are discussed in the succeeding sections,
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Table 2, Particle Form Characteristics of Sediments from the Present

Beach, Barrier, Lakeside Ridges, and Selwyn River,

Analvsis o, Mean Psi Std. Deviation Mean S/L

Beach Samvples

4 0,63 0,11 0,43
5 0.65 0,12 0.44
6 0,58 0.10 0.36
7 0.59 0.09 0.40
8 0.62 0,11 0.41
9 0.59 0.08 0.28
10 0456 0.11 0,38
11 0.56 0.09 0.36
12 0,52 0,08 0,33
Barrier Samples.
13 0.59 0,10 0.39
14 0.59 0,09 0.38
15 0.55 0.09 0,36
16 0,59 0,10 0639
17 0.60 0,10 0.4l
Lakeside Ridees
18 0,71 0,09 0.52
: ‘ 19 0,70 0.08 0.50
! 20 0,63 0,11 0.44
| i 21 0.68 0,08 0.47
River Samples
22 0,70 0.08 0.51
23 0.66 0,11 0.48
24 0.68 0,09 0,49

4+ S/L is the ratio of the Short dismeter to the Long diameter,




Summary

Prom the previous sections it is apparent that several questions, worthy
of congideration exist in this area, The diversity of opinion sbout the
origin of various landforms and, about the sequence of recent coastal
changes, indicates a problem which must also be faced in this study,

This problem is one of a scarcity of ready information, It will be
shown in the following secftions that various lines of investigation,
hitherto neglected in studies of the area, allow the answers to most of

the problems so far raised, to be given with some degree of certainty.

he landforms
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In thre following sections a more complete description
will be given and problems related to the rezlisation of the study’'s aims
will be investigated. The beach environment will be studied in the next
section; vart of it will investigate present directions of coastal move=
ment. The rest of the section allows an understanding of coastal »nrocesses

and landforms; this is vital for a full evaluation of the landforms on

the western end northeasztern lalkemargins,

Succeeding sections describe, explain, and discuss the different major
landform groups. A sequence of coastal changes will gradually beconme
evident and the associated problems will be clarified, An understanding
will thus be gained of Leke Ellesmere's effect on landforms and zlso the
extent of marine influence on the landforms around the Lake, A final
section will draw much of the evidence together and illustrate the

sequence of coastal changes around the study area,
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BEACH BHVIRONMENT

General

Knowledge of the present besch environment is immortant when evaluating
conclusions gained frowm a study of the landforms in the rest of the area,
The processes on the present beach will be similar to those on coasts in
this area over the last 15,000 years, Responses may have altered however,
as changes in beach geometry, shoreline orientation, or sediment parameters

N

have occurred. This section will study the character of the present beach
zone, some vrocesses and beach responses, and the present directions of

coastal movement,

Beach Character
The besch deposit is of mixed sand and shingle sizes, present zs a
moderately sloping foreshore landwards of a step at the hreak point,
Andrews snd Van Der Linden (1969) recorded dips of the lower foreshors,
nidway along Kaitorete Barrier, as 8% with dips of the associated strata
in the beach face between 3° and 89, The step marlks a sudden incresse
in water depth to the nearshore bottom. Breakers of a plunging or surging
type break on or near the step, and their swashes sweep the foreshore,
The sand=-shingle beach between Poranui Pt and Coopsrs Lagoon shows
consistent variations across the beach, Cobble sizes arve present at the
step, while granule and coarser sand sizes are in the swash zone. A bpand
of pebhles and cobbles usually marlks the swash-limit, If the swash zone

is restricted by low wave conditions, stringers of sand and pebbles occur

at higher levels on the beach to the limit of wave action,
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There are three sets of relastionships between the beach and its c¢oastal

hinterland, The changing coastal character encoupassed within thcse

situations indicates directions of recent coastal movement along the

Horthern Canterbury Bight, The three types of beach relationship are:

1.

A barrier beach is present at the outlets of Lakes Ellesmere

and Porsyth, separating both lakes from the sea, In this
situstion the beach face presents a moderately sloping foreshore
and the backshore descends at a more shallow angle to the lake=
margins, This is illustrated in Fig. 10, This figure shows

the difference in slopes of the foreshore and backshore, Part

Ellesmere 1s present in the right backegrcund of the

vhotograph. Although narrow, this besach forns a stable deposit:

it is meintained in storm conditions while beach erosion occours
in the latter two beach categories,

West of Taumutu & beach is present as a narrow zone separabing
low=lying sediments from the sea, The moderately sloping beach
face is similar to that in the first beach type. The backbeach
situstion differs however in that beach sediment forms an over-
wash fan covering low=-lying hinterland sediment, Dunes are

)

present, either ag a thin sand cover on the backbeach or as low
sandhills less than 10 £t high (Fig 11.). Towards Taumutu 2
storm in March 1970 exposed hinterland sediment in the beach face
and cut it back. Mg 11 shows the covering over of this beach

basenent, fellowing the storm, by the lower—energy wave regime,

This exposure of beach basement, shown in Fig 11, indicates that
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the beach forms a shallow cover on the underlying sedinment,
The whole beach zone ig moving landwards es the basement is

cut bhack,.

3. The beach in front of Haitorete Barrier differs from the first
two categories in the relationship of the backbeach with the
hinterland, Unlike the first two types, the backshore beach
deposit rests against sediment at a similar level, The beach
can be seen in Fig 12 to be 2 low angle foreshore area sloping
from sealevel to a restricted backshore area adjacent to the
dunes, Dunes form the landwerds margin

T A
DETYIEY,

eastuards and are
. 1 . |

absent for the easternmost % miles, rave-trimned coastal margins |
|

B

of the duvnes for the western 5 miles of the Barrier, indicate

The wave-cui margins

are illustrated in Tig 12, Short=term observetions suggest that

PORAHUT PT RIDGE ON BACKSIIORE

Tor the eastern 2 miles of the beach in front of Kaitorete Barrier a

beach ridge 1s present on the backshore at a height of +24 ft, The ridge

2
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at this height apparently marks the limit of wave sction in the present
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In Fig. 13 it lies along the dashed line in the foreground,
The ridge in the background is the first of the adjacent Barrier Ridges,

It indicates the increase in level (%v 4 £%) from the backshore ridge to

the adjscent Barrier ridge, The vegetation seavards of this Barrier ridge

g 1 - : ~ ’ e E = 17 e
narks the swale between it e2nd the ridge on the backshore, and suggests an

|
x
i
:
j




e




absence of wave-influence in the swale, 4 soutlhierly swell with a 10

gsecond period and waveheights up to 10 £t sent swash to 2 vertical

height of 15 ft on the beach. iaves overtopying the present backshore
ridge would therefore he of considerable magnitude, Thus the height of

this beach ridge apps be adjusted tc the maximum waves in the present

wave regime,

Ths lower level of the ridge on the baclkshore, in apperent adjustment to

raises an imnortant acuestion: does the love

f211 in seslevel since the forumation ¢f tha

adiscent Reprier Ride

three Teotors wirich influence the heignt of ridges ahbove Sefe

1. Storm wave parameters - lorger waves can form higher ridges if 21l

elaoe remains constant,

2. Amount of sediment entering the cosstel area - raplid progr ation

of the shoreline may cause lower ridee=heights, The low-frecuency

X

high magnitude storms nay not be able to work on all beach ridges.

Y
@

Sediment perticle size characteristics - higher ridges are formed

2]

whete lerger particles are predominant.

1f these three Tactors can e held constent a conaiderable variation in

ridge-height will probably relate to a variation in sealevel,




It is suggested later in this section thet storm waves entering this
beach zone ere probably of similer maesnitude to those of the last
15,000 years, Particle size characterisiics are also later shown to
remein consistent across the Barrier, Thus these two variable anvear

to have remained constant, Hovever the second variable is more difficuli

tc assess, This is because accretion may be occurring at present,

Acecretion is surgestéed in Table 3, which lists a comparison of the

shore-position on an old map with those on recent zerial photographs,

Table %, Shoreline Positiong at Poranui Pt during the last 104 vears
Survey Stack to shore distance (chains) *

1862 Black Map 115 9

1952 Aerial Fhoto 11.5

1966 herial Phioto 11.5

+ Distance is measured from the seaward side of the sea-stack present

on the eastern side of the barrier beach, to the waterline,

The difference in distance between shoreline and stack suggests a two and
a helf chain seaward movement of the shore in the last 100 years. This
'movement! may however be related to the surveyor's definition of the

ghore and to inaccuraciss reloted to th

M

sketching in of the shoreline,

Two and a half cheins of accretion in the 90 years prior to 1952, would

mean that progradation,if real, is still occurring on the eastern Barrier,
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The ridge on the backsiwre may be recently added and not yet fully
developed., However, it was earlier noted that the absence of wave action
on the ridge landwards of that on the backshore suggests full development,

The uncertainty as to coatinuing rapid progradation means that doubt must

be expressed as to the backshore ridge's full development.

Coastal Processes

TWAVES,

Recent writers agree that the South Island liast Coast has a high energy
wave environment related to swell-waves from a southerly quarter and less
significantly from the northeasterly sector. The study area faces the
south and is onen to the full force of from this direction, Haves
from a more northerly quarter than southeast only a-proach the coast affer
considerable refraction; this relates to the sheltering effect of the
Feninsula to waves from these directions,

Indications of the high energy nature of the wave environment have alresady

been given, Wave data collected during the study confirm the importance
of larger waves in the wave regine, A significant proportion of large
waves were recorded: waves 5 T+ and higher occurred 26% of the time. The |

histogram of the continuocus wave data, shown in Fig 14, indicates significant

minor modes at wave heights of 4 and 8 ft,

A consistent variation in waveheight along the Barrier occurred for waves

appreoaching from directions north of southeast. The more southerly waves

were of similer magnitude for fthe length of the Barrier. Basterly swells

=11
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showed consistent decreases in height over the ecastern 3 miles, On
T7th Hay, 1970, an eagterly swell increased in height from 4 ft at Profile
1 to between 6 and 8 £t west of Profile 2, The waves broke with a
westerly component to thelr swash. This is different to the swashe
direction of the southerly waves; their swash was directed shore-

nornally or with an easterly component of motion,

from this brief review it can be concluded that this area is on a high

<+

energy coaste. An oven fetch to the south means that this coast is oven

Fal
X

to the full extent of waves from storms passing across, and south of, the

-

south Island,

v IHD,

The study area's exposure to the south means that strong winds from this
gector can exert considerable influence on the coastal sediment budget.
The averages of 5 vears wind velocity records teken at Teumutu are
summarised in Fig 15, This figure indicates that a significant proportion
of high winds do occur from this southern quarter, Gusts up to 60 mph

and hourly everage windspeeds greater than 40 mph, have been recorded at
Taumutu from the south and southwest, Such winds have formed the dunes

on the seacoast and on certain inner parts of the Barrier. These winds

have slso lead to form arabolic

on

of dune decay: the blowouts and the

"o

dunes., The precise effect of wind on these features will he described in

a later section,

3
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PAST VARIATIONS,

Extrapolation of present littoral processes to the last 15,000 years
can only be carried out in & generalised sense, Thiz is because
climatic changes mzy involve changes in the magnitude, frequency, and
tracks of normal weather events and storms, The resultant wind and

wave regimes can subsequently changs.

The nature of the wave regime i easier to deduce than the wind regime,

It was previcusly stated that the present coast has unlimited fetch to

the south and southeast, and is thus open to waves from storms to the south,
A minor storm path currently crosses Hew Zealand but the major storm »ath
is south of the country. Changes in the Upper Westerlies, and subsequent
storm tracks, in the Southern Hemisphere during the last 15,000 years are
unknown, Upinions even differ as tc the probabls changes that would occur
in the General Circulation in glacial times, 15,000 yesrs ago. Howewer,
a southern or northern movement of the present storm tracks would not
lessen the size of waves able to reach the study area because of the area's
openness to the south and southeast. It is alsce doubtful whether a north=
ward shift of the storm tracks would produce maximum wave dimensions greater

than those at present. This is because storms of considerable magnitude

cross the area at present, forming waves higher than 15 ft,

The nature of the wind regime in the study area during the last 15,000 years
is unknown. Two deductions can be made from the location of the study ares
specifically, and of lew Zealand generally. Pirstly, the exposed nature

of the study area tc winds from the southern quarter means that winds from




such directions would always have been fully developed when reaching
the area. Secondly, New Lealand's location in the middle latitudes
nakes it unlikely thet an environment devoid of high winds was ever

present.

It is thus concluded that the wind and wave regimes of the past 15,000
years had high megnitude everts of = scale similar to those of the preseat
regines, The frequency of occcurrence and the directional importance

of high magnitude conditions may have changed for both regimes. But
changing frequency and directional imrvortance is not of

reat significance

in 2 gbndy which s interegsfed in the long=term responses.

BEACH CiHANGES .

Volumetric beach changes reaffirm the importance of low frecuency high

magnitude events on this coast, Profiles surveyed following a storm in |
March 1970 indicated net erosion averaging 0.63 cubic feet per squere foot

of profile, Volumetric beach changes also suggest that no consistent long-

shore pattern of change exists,. They confirm that beach responses on these

sand-shingle heaches are very complex,

The net erosion that occurred during the March storm is shown in Fig 164
to represent a net loss to the beach west of Profile 2, This suggests that
sediment moves from the beach face during storms into, or past, the breaker

ZONE, Kirk (1967) concluded that the dominant movement during a storm is

shorenormal, The loss of sediment over the step represented a fall of 3
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to 4 £t in the lover to middle foreshore in some profiles, By the lay
survey the beach profiles were similar to the Februsry and December
surveys, indicating thet the material was returned to the beach during

conditions following the storm.

Volumetric beach changes showed no apparent trend of profile change that
could suggest any longshore movement of materisl from one pert of the
heach to another, Pig 16B indicates thet average volumetric changes Tor

profiles during the four surveys vary irregularly between successive

profiles, Fig 164 similarly shows an irregulsr psttern Tor the storm.

There is no evidence in thase volumeiric beach changes of longshors

5]

sediment movement relz=ting erosion at the western end to accretion at the

7

5

eastern end, The following analysis of beach sediment however, supports

this conclusion only in part,

BlaCH SpDIMENT,

Sediment size and shape psrameters, like the volumetric beach changes,

show & complex longshore response to the wave environment. The parameters
mean grain size and sorting, psrticle form, 2nd perticle sphericity (psi),
do hdwever.give varying indications of a longshore movement of sediment

to the east at present, This is contrary to the tentative evidence

suggested by volumetric beach changes and by Kirk (1967)@

Particle Size,

4

mean grain size and sorting show a complex nattern

between Coopers Lagoon and Poranui Pt. Fig 17 indicates the considerable
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crossbeach and longshore variation, Ho longshore trend is immediately
apvarent, but Owens (1966) found a significant trend when performing

trend=-surface analysis on beach sediments over the eastern 3 miles of

+

the beach, h

[

e noted a trend towards coarser mean grain size towards
Poranui Pt and towards the backbeach, A& decrease in the proportion of
sand sizes present on the beach and an associated decrease in the extent
of coestal dunes are both evident over this eastern 3 miles. The average
mean sigze snd sorting parameters in this survey indicate this change
between Profiles 1 and 2. (Fig 17), For the rest of the beach %o

Coopers Lagoon no grain size or sorting trends are apparent,

Pebhle Form,

Pebble form shows possibl

il

trends in the flatness of pebbles between

Coopers Lagoon and Poranui Pt, While this is not e

values a broad distinction is evident between Barrier beach samples (ezcept
Profile 5) and beach sanples to the west, These lines of evidence, when
combinad with the trend in mean grain size a2t Poranul Pt, suggest longshore
changes in sediment character. These changes could reflect longshore

sediment movement at present,

Fig 9 indicates a general eastwards increase in the proportion of flatter
perticles for the beach samples, There is an asscciated decrease in the
proportion of more compact particles, liean psi values and mean $/L values,
presented in Table 2, indicate a distinction between the Barrier beach
samples and the samples from west of it, The two western samples (numbers

4 and 5) have higher mean psi values and mean S/L values than those on the

Barrier beach,
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Longshore Sediment Variation,

The trends in msan grain size and sorting at the eastern end of the
{sitorete Barrier suggest a beach environment which is not cuite at
equilibrium for the length of the Barrier, Uwens (1966) related the
mean grain size change to the selective westward movement of sand sizes
with an obliquely approaching swell from the northeast, In a later
section this sediment change is related to a progressive eastwards loss
in sand sizes from the beach, both offshore and through dune formation,
This trend does not provide conclusive evidence for continuing longshore
sediment movement at the present. But it does suggest an anperent dige
equilibrium in the Berrier beach's sediments with those of the beach to
the west,

The implications that the longshore particle form trends have for an
eastwards littoral drift, are likewise uncertain. The presence of 2
sedinent with e higher proportion of flatter vnarticles, those particles

th less effective gettling properties, on the Barrier beact

that this ssdiment may be couposed of more stable particles f!
west, The immediate source of beach sediment was suggested to be the
rivers and receeding coastal c¢liffs of recent alluvium between the Aszksia
and Rengitata Rivers, The increase in more stable particlas eastwards
would thus appear to indicate the selective removal of the more mobile

n

particles from the heach, away from the source of gsediment,

&

The presence of more stable particles with distance eastwards, does not

provide conclusive evidence for sediment movenment at present. 1t nay




=58

reflect a relic sediment distribution from former times when littoral

drift was active, On the other hand the sediment response on the present
beach could reflect the action of present littoral drift associsted with

progradetion in the east (as suggested by Table 3,)

®

bvidence presented so far in this section has described the character
ard sediments of the beach and hos given an understanding of the present
beach environment, An dmportant reeson for studying the beach environ—
ment, that of investigating present directions of corstal movement, has
only been nartly discussed sc far, This aspect is now treated more fully,

Cosstel lovements

1

tviderce so far vresented indi-ehac that the nresent hearh zone mav bhe
divided into three portions in terms of directions of present coastal
movements, These are:

Eal

1. the heach west of Taumutu - current recession,.

2. the beach for 12 miles east of Teumutu = probable stability,

3. The eastern portion of the beach on Ksitorete Barrier -

possible accrefion,

Hvidence for differing movements of the beach in these three parts will

now be discussed.
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The 'Black Map'! survey of the Barrier wes undertaken in the 1860%'s

and indicates a shoreline sinmilar fo that of the present for the western

bl

the Barrier,

f—t
O
=
}/.J.
l_)
5
@]

The ridee on the bhackshore indicates th=zt the most recent shoreline

movenent has been progradation, Harlier it was suggested that prograde
ation may stiil be continuing at present, The shoreline position in 1862

is marked s two and a half cheins lendwards of the shoreline in 1952,

dcate varying evidence for

sediment and volumetric beach

sediment movement at present into this ares,

SUmMRAry
In this section the beach zone has been described and discussed,

Processes influencing the beach and associated beach resnonses have heen

analvsed, Directions of coegtal movement have been gtudied and fthree

divisions were proposed on this basis,

This section indicates that the wave envirdnment in the lMorthern
Canterbury Bight is a high energy one dominated by waves from the south.
Stronger winds from thie quarter similarly dominate the wind regime. The
coast is receeding west of Kaitorete Barrier, and stable for most of the
B arrier, but possibly prograding in the east, In this regard it is
important to realise that movement of the coast west of the Barrier will
have an effect on the stability of the Barrier's shoreline, Zenlzovich

(1967) writes thet barriers are dynamic features, capable of movement and




decay. Cosstal recession west of Taumutu appears to be affecting

the western portion of the Barrier, giving rise to the wave-trimmed

dune margins, It mey be that in the future, active coastal recession

will extend to the Barrisr and possibly destroy its present form.

It is thus important to view Kaitorete Barrier as present on a coast

which is undergoing change, In the following section it will be shown

th

0y

t former movements of the western coast have lead to shoreline mod=

ifications along the Barrier in the vast, This will enable an under—

standing of the present esstwards increase in width of the Barrier,
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MARINE DEPOSITIONAL LANDFORMS

General

The lendforms in two areas on Kaitprete Barrier show evidence of receat
coastal adjustments in the seaward portion of the study area, Other
landforms in the Bllesmere area, which have been ascribed to coastal
situations, will be studied later, This section is concerned with
former shorelines and sealevel positions that are suggested by ridge=
axes, ridge levels, and sediments in the areas of Hooked Ridges =nd
Barrier Ridges. The Hooked Ridges will be studied first and the Barrier
Ridges second; a discussion of the shorelines indicated by these groups
of ridges will then follow, In this discussion the problem of the
westerly decrease in extent of the Kaitorete Barrier will be evaluzted,
This section indicates the longer—term directions of coastal movements

in the liorthern Canterbury Bight. It allows the present trends of coastal

movement, discussed previously, to be viewed as »nart of a continuous

sequence of changes involved in the evclution of the coast between Ba

£
o

Peninsula and Dashing Rocks, Timsru,.

Hooked Ridges
The area of Hooked Ridges is located at the eastern end of the inner
Kaiforete Barrier. It runs for 4 miles west of Prices and Birdlings
Valleys, and is approximately half a mile wide, Shingle ridge-axes 2re

reflected in the growth of Scirpus americanus (three ribbed arrow sedge)

in the overlying lalkesilt, Fig 18 shows the easternmost portion of the

area of Hooked Ridges. The vegetation pattern is complex but clearly







indicates 2 series of hooks curving lakewards from a linear axis,

The sedee growing on the lskeside shows a growth pattern that is
broadly related to the depth of shingle beneath the lakssurface,. An
indication of the nature of the lakesilt overlying the shingle is given
in the following description of & section beneath a vegetation hook &%t

Grid Reference 594/017233. This sequence was present:

0 to 2 £t deep dark brown firm silt, no horizons

gradual change

2 to 6,25 T% nmoist blue-green silt (soft pug)
distinct break

6.25 to 7.5 £% shingle with silt matrix (largest

sizes in handauger were granules).

The only significant surface variation is between the vegetated and
nonvegetated surface, The vegetated surface has built up its base by
as much as 1 ft, This variation is a response to the sedgels growth,
however, and is not the causal factor in its presence, The vegetation
is growing in most parts where shingle is at depths less than 6 to 7 ft
beneath the surface, Where shingle is at greater depths the vegetation
is either sparse or absent. For shingle=depths between 3 and 6 ft the
vegetation growth is & response to variations in shingle depths, rather

than to absolute depths,
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SHIWGLIL SURFACH,

The shingle surface beneath the lakesilts shows a pattern of ridges

and swales on the hooks and on the axes, This is illustrated in Fig 19
which sliows subsurfece shingle profiles measured in 5 transects in
different parts of the area, The ridges and swales can be seen to

show a broad correspondeunce to the vegetation hooks and the nonveget-
ated areas, respectively, The shingle surface measured in each of the
east-west transects is regarded as a continuous surface indicating ridges

and swaless because:

1, There appears to be a continuous relationship between succege
sive depth measurements, The depths do not anpear fc be random

although they show a greater varistion then the vegetation pottern

suggests,

2, A Random Turning Point statistical test was applied to see
whether the series of depth values to the shingle formed a

random or nonrandom distribution. This test was appli=zd to

851

Transects B and C, The technique and results are described
in Appendix IIIB, Both distributions are nonrandom at the 95%
level of confidence, thus indicating that the subsurface shingle

variation has a definite form,

Transect A shows a very broad vattern with three vague ridges and swales:

Transects B and C have more definite undulating forms, These transects
illustrate height differences between ridges and swales of 2 to 3 £t and

4 to 5 ft, linor varistions are also imposed on the trends, Lengths

i~

between ridges appear to vary between 80 and 200 {4,

]
J
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A fall in ridge=levels from the hook-axes to the ends of ithe hooks
iz demonstrated on the novth~south trancects by the increase in heighi

of the shingle surface, crossing from the area of haoks to ths area of

hown by comparing Transects B and D, The axes
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responding to the hooks on Transect B cross Transect D and indicate
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an increase in level of 3 ft from hook-end to¢ hook-axis, P

ransect I traces one hook and notes a vertical increase of 0,5 % in
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The northern, or lskewards, extent of the hooks is unknown hecause

ridges more than 7 £1 beneath the surfece lose surface expression in the

vegetation. At the southern bondary of the Hooked Hidge area lakewsves
have removed all treaces of ridges, A Teatureless shingle surface slozes

-

st a low angle away from the lake towards Speight Ridge. The western

extent of the Hooked Ridges is masked by thiun shingle layers within the
fine sediment, These layers prevent any possible ridge and swele
response in the vegetation growth, They also make it impossible to find
an extension of %*he Hooked Ridges beneath this ares, Figure 18 indicates

that fthe ridges at their eastern extent appear to tie with Banks Peninsula

at Prices and Birdlings Valleys.

The plan=feorm of the Hocked Ridges isshown in Fig 7 (inside back cover)9

using a trace of the lakeside vegetation pattern. This system of linear
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ridges with hooked ridges branching from them, suggests ridge

N

formation at the end of & spit developing to the east before the

ity

presence of the Barrier, The linear ridges indicate 2 beach on the
seaward face of a spit. The hooks suggest recurved ridges formed by
waves refracting around the end of the spit. Successive curved ridges
would be added to those slready present as more material moved along the
beach to the end of tre spit. Wave conditions related to the formation
of each successive ridge weuld vary, often cutting off or modifying

earlier ridges at their laferal ends. In this way & spit 1s suggested

to have developed eastwards until it joined ontc Banks Peninsuls,

=
-
i

HYPOTHES TS,

s

An alternative hypotiesis of foruzation might bhe guggested because of the

o]

resent position of the ridges within the Lake's gone of influence,

This hypothesis

0

zests that these ridges were faormed by weves from

within the Lake after the Barrier was present, It would call fer
progradation cccurring from east fo west, with ridges curving #21nd 8Xe
tending into the Lake. The impossibility of distinguishing the true

<

trend of addition of hooks makes this hypothesis worthy of consideraticn,

The precblem with such a hypothesis is the projection of the ridges away
from the shore into the Lake, In certain situations spits develop
projections from a near-straight shore but their forms and development
sequences are different to those suggested by this ridge group. This
group of ridges would necessarily have been & progradational sequence

to have developed in this particular situation,

i
i
J
i
i




Their projection into the Lake cannot be explainad in terms of

filling & re—entrant angle of the lakeshore, The secquence of

hooks iz 4 miles long, 2nd at the wesftern end the hooks &re more

than 1+ miles from the spur—ends. Yet, the hooks proceed into the

lLake at angles fthet would oppose the directions of the apnrosching
)

vaves. There anpears to be no wayv of overcoming the problem, thet

4s

arigses with = lacustrine hypothesis of formation, of their projecting

into the Loke, Thus this hypothesis appears unaccertable,
The nevrine hyvothesis of Tormation satisfactorily explains the plan-

the noz ok
landwards of the rest of the Barrier. Furtnersore, 1t is difficult to
ceneceive 2 cosstal develomment in tinis area seawards of the fen surfaces
without the initial presence of a =spit, Thus, the

fornation in termaz ol 2 developing spit from the west,

This early freature, vnrior *to its lin

referred tc in the feollowing discusmsion as the Keitorete Spit,

Preservation of Hooked Ridges.,

The esrly preservation of these ridges within the present Lake must have
been releted to isclation from wave action by lskelevels which were
predomninantly too higl or too low to subject the ridges to wave-satiack,
At lakelevels similar to the ridge-levels, wave-~attack could only have

N

been active on the ends of tlie hooks, Wiith a baselevel for the Lzks

gimiler to thet of the vpresent, derosition of fine sedinment would eventually

17

have formed the ridges' protective cover,




BARLY SHORBLINZS,
The Kaitorete Spit provides evidence of shorelines during the latter
stages of its develonment. It supgests the approximate eastern shores

line when the Barrier wes initisl’ Further west evidence has
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been destroyed or buried by the lazcustrine influence. However, the

inner mergin of the Barrier provides a general ides of the early shoree-

lines in the west which were associated with the presence of a spit in

the east. In the absence of any otner evidence it suggests a shoreline
curving seawards of Taumutu at the western end of the Barrier.

RIDGE LEVELS AND F

The queastion of how these

dees were formed

agsocicted guestion remaing: how were the ridges formed at this level?
nation is found in the probable height of sealevel at thse time
of svit developnent. Giwen similar relations between sealevel and ridge

heirht to those on the vresent bheach, 2 lover sealevel accounts for

ridees at this level, This lower sealsvel allows soue estimetion of +
age of the Spit and fthe time when the sea was largely or wholly excluded

ror the area between the alluvial gravels end Banks Peninsula,

Ridge Height Above Sealevel.

The relationship between the Hooked Ridges and seslevel may be similar

to that between The backshore ridge &t Povanud P and sealsvel; this

ridge iz et a height of +24 ft, On the other hand, the relstionship

hetween height of the ridges in this area and sealevsl could have been
clozer to that of the bharrier besches at the outlets of the Lakes,




Thev are at heights of +1F

rnay heove been awash at normal sealevels 1a unlikely becau

energy wave envircnment and
is present, It is thus su

of the Svnit ridges was 15 1

agtin-~t A

Sealesvels and

The levels of hook-axesz are

orested thaet gealevel

i

to +20 ft, The possibility thet the ridees

the very definite rid

o 20 1 below .2 level of ths Hook-axes, If
that of the

ant tre

Kaitorete Spit,

hetweer O and +3 £ ot Tronansct T and botweon

fasuming no movenent
2 yverent

gealevel 15 £t helow the ride

he between =20
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avel woul?

during the development o

implieations for the aces of

within the Bllesmere area.

Sealevels between =9 and =2
years B,P. for the final de
Berrier, This age-range i
rise (Sucerate, 1968), It

suggest enveloping ages het

e

4 gealevel between =10 and

lines within the Lllesmere

theaes Teatures and for the Tormner gealave!

0 ft suggest ages between 6,000 and 7,000
velopment of the Spit and the formation of the
s estinated from Surgate’s curve of sealevel

ghould be noted that other sealevel curves

ween 8,000 and 3,000 vears,

=20 Tt wou mean that the recent shore-

area were at a level lJower than mean sealevel
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oy fom
vhen they were excluded by the formmtion of the Barricr, This
would surgest that former shorelines in this area are unlikely to
have surface exoresslon, They will probably be covered by recent

slinvium end lacustrine devosits

SUMMARY .,

The Hooked Ridges have been

extending itself ese from

refracted waves forwing successive ridges on the end of the Spoit daring

she dinner Berrie

trandins to the scuthwest when the Spit was nresent,
3 1 !

At the time of Spit develovment, sealevelns between =20 and =10 Tt were

derived Trom the nreheble reliationshin between ridge hei

fua |
jp
D
A
n
;
D
0
o+
)
I...J
-3
n
i
}...J
o
<

v, thzt the Spit formed possibly 6,000 to 7,000 vesrs

o ard seccondly, that the sea was excluded from the tillesmere srea at a

5]

level considerably below that of the present. hvidence of former shore=
lines in Ellesmere may be covered or modified by recent actions within
the Lake, A gtudy of the Barrier Ridges gives additional evidence of

development at the end ol the nostelacial rise in sealevel and substantisies

ome of the conclugions reached so far in this section,
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Barrier Hidges

D

'he ares of Barrier Ridges forms the seaward portion of thn

Rarrier for most of its langthk, The lorrier
progradation for more fthan 1% miles in the east of Kailtorete Barrier.
Purther west, the ridges on the inner Barrier have been destroved by

wave action related to former higher lokelevels, and the Barvier Hidges

are more restricted, Over the western 3 miles of the Barrier, ridge-

evidence is largely obscured by low dunes,

Feninsuliga

Tndividual ri carn be discerned [rom the 2ir because vegetation srows
more densely in sweles, thus outlining the ridges,. The similsrity in
trend bhetween Barrier ridge-axes and the beach in the left of the figure
illugtrates thet progradation has been the mont recent sction here,

There is ebundant evidence of marinec formation for these ridges. Three
factors indicating their formation will, however, be outlined, They are

as Tollowss=

1. The regular ridge and swale form ¢

£ feotures which parsllel

present beach. This aspect is wost apparent in the ridges
formed on the bastern Barrier and is indicated in Fig. 20.

The ridge and swale relates them to formstion by waves at formerx

shore positions,
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2. The similarity between bedding exposed in Devils Knob Pit
and that exposed on the present beach at the outlet to Lske
Forsyth, The bedding in the lower section in Devils ¥nob Pit
is illustrated in Fig 21: it dips at angles similar to those

recorded by hAndrews and Van Der Linden (1969) for the beach

midway along Kaitorete Barrier,

%, The similarity in sediwment characteristics between the Berrier
Ridges and the present beach, Figs 8 and 9, and Table 2
indicate similarities in particle size and shape parameters
between 5 Barrier samples and those from the beach, Roundness

alse avnpesrs siniler for nebblas from both situations,

RIDGE FORMATION,

The section through the ridges in Devils Enob Pit is illustrated in

Figs, 21 and 22, Pigure 22 shows a distinct break in the section between
lower and higher beds at +18 £t; Fig 21 shows an eastwards view through i
the lower beds only, The similarity between the lower beds and those ‘
of the present beach has already been noted, Jediments in the lower |
part of the Pit section snd in the present beach show bedding related to

a great variation in sediment and wave conditions on the lower foreshore,

Bedding on the beach and in the lower layers in the Pit is preserved on

exposure hecause a significant matrix of fins sand is present in some

layers, thus enabling the formation of firm layers,

The prominent break in the Pit marks a change between well=bedded heach

sediments and poorly-bedded ridge sediments. The poor bedding of the
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overlaying layers is to be expected because similar conditions at the
upper swash limits of the highest energy waves influence their formation,
Here, the changeable conditions that prevail lower on the beach are

“absent.

Kirk‘(l967) writes that larger particles with lower sphericities move
easily up the beach=face in the furbulent swash of high energy conditions;
Movement down the beach is retarded because of the lower backwash velocity
and the subsequent sliding nature of movement for these flatter particles.
He found that particles of size =4 to -5 § with sphericity values of 0.5
to 0.6 psi were the most stable particles on the beach fringing the
Canterbury Bight. Samples collected from the Barrier Ridges between

the Pit and the sea, have mean sizes of -4 ¢ and mean sphericity values
between 0,55 and 0.6 psi (Table 2 and Fig 8.) Smaller particles, or
similar-sized particles that are more sphericle (those moved by rolling),
are more easily moved by the backwash, Such particles, which are not
trapped among the more stable particles, are lost from the ridge which
forms on the upper part of the beach, Thus in the ridge, particles

tend to be more similar in nature and the bedding is less distincte

The sediments and the bedding sequence that are exposed in the section
through the Barrier Ridges at Devilé Knob Pit, are valusble for comparison
with sediments and bedding from ridges in other locations to which writers
have ascribed marine origins. This exposure through the Barrier Ridges
indicates the nature of deposits that have. formed in a marine environment

on this high energy coast.
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RIDGE CHARACTERISTICS.

Ridge-Axes,

The direétion of ridge-axes varies systematically with distance along
Kaitorete Barrier, This is indicated in Fig 7 (inside back cover).
At Poranui Pt the ridge—axes trend approximately 100° east of north.
This trend changes to one between 85° and 90°, on an axis which slopes
from 1% miles to 3 miles from the eastern end‘between the present beach
and the innermost Barrier Ridges. This trend is continued until 10
miles from the eastern end where the change of angle continues fto one

of 75° to 80°, By the 13th mile the angle changes further to 75%.

The seacoast is parallel to the ridge-axes for the eastern 10 miles,

but for the westernmost 5 miles projections of the ridge-axes trend
across the coast at increasing angles up to approximately 18°, The
ridges are evidence of former shore positions and thus indicate former
shorelines of the western Barrier, and further west, to be seawards of
the present coast. This suggests that the coastal recession west of
Taumutu is part of longér—term coastal retrogradation. The similarity
between ridge~axes and the present coast at the eastern end oflthe Barrier
indicates that progradation has been the most recent action here,

The changing relationship between the trend of the ridée—axes and the
present beach results from the landward movement of the Barrier's fulcrum

during the development of the Barrier., Fig 27 indicates that extensions
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of successively later ridge-axes show a northeastward movement of

the fulcrum., The movement of the fulcrum has occurred as the effect
of the retrograding coast to the west extended eastwards onto the
Kaitorete Barrier. This demonstrates the importance of the events

in the coastal sector adjacent to the Barrier,

Barrier Ridge Surface Levels.

The Barrier Ridges have their best expression at Birdlings Flat and

most attention was focused on the complete ridge sequence there,

Further west along the Barrier, ridges are less noticeable and ridge-
evideﬂce‘has been removed on the inner margins by lakewaves, However,
two points arise, from investigafing the surface along the whole Barrier,
which need clarifying, Firstly, the ridge-surface varies along the
Barrier invélving an overall increase in level from less than +20 ft in
the west to more than +30 ft in the east. This can.be seen in the
series of profiies illustrated in Pig 24: the lowest surface is on
Profile VI, wnich is the wesfernmost profile, and the highest surface is
on Profile II, which is the easternmost profile, Secondly, the Barrier
surface shows an increase in level from the lakeward edge to the middle
of the Barrier, The increase in ridge-level across Profile II will be
discussed later in detai1? but the surface variation across the other

profiles calls for a brief review here,

The variation of the Barrier Ridge surface along the Barrier does not
represent a continuous increase in level from west to east. It can
be seen in PFig 24 that Profile VI is lower than the Profiles V, IV, and

ITT, and that Profile II is higher than all of them. The surface on
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Profile VI is between +16 and +20 ft while that on the middle three

profiles varies between +20 and +25 f4, The surface of Profile IT

is at & level around 430 £t for most of words pertion,

The variaticen in level between the surface at Profile II and that to

the west probably relates to the longshore variation in sediment
character, On the beach, a decrease in sand sizes with an associated
increase in pebble sizes was noted over the easternmost 3 miles, Ir
this condition hag existed for the duration of progradation in this

area it would account for the westward variation in height of the ridge
surface on the éastern Barrier, The ridge sediments exposed in the
section at Devils Knob Pit indicate a sediment composed mainly of pebble
sizes, This illustrates the similarity between sediments in the ridge
and the predominant sizes on the beach at Poranui Pt. The lack of exposures
through ridges west of Birdlings Flat prevented the testing of the-
hypothesis that more sand sizes were in the ridge-sediments to the west,
However,these ridge sequences lacked the definite ridge and swale form
of the sequence at Birdlings Flat, this lack of distinctness suggesting

that sand doeg form a significant part of the ridge sediment.

The surface variation among Profiles TII, IV, and V is suggested %o

relate to random variation of the surface along the Barrier. The surface
of Profile VI is, however, lower than the rest, The deoréase in level

of the surface at this profile may relate to a decrease in the signific-

ance of ridges westwards, The ares crossed by Profile VI is largely




covered by the Western Inner Dunes. Ridge~building was conceivably

minor here in a beach énvironment where sand was abundant,

The level of the Barrier Ridge surface thus appears to vary eastwards
in response to changes of the sediments, however, this conclusion remsins
tentative, The longshore variation in sediment character will be further

developed in the following section.

The second point that needs clarifying is the surface form across the

Barrier, This veriation in surface level between Lake Lllesmere and the
beach is indicated in Fig 24 to be similar on each profile. The profiles
show gradational increases from lakelevel across a zZone of lake-influence,
to the middle of the profiles; from there to the sea they maintain a
similar level, Irregularities related to lakeformed ridges are present
in all profiles but the general surface-trend relates to the surface of

cests an increase in sealevel

(&)

the Barrier, This general surface sug

during progradation from initial shorelines at the inner Barrier margins,

Hodification of the inner surface of Profiles IIT to VI unfortunately

prevents definite conclusions being derived from this area concerning a
possible sealevel rise during the development of Kaitorete Barrier.
The sequence in Profile II does not have this disadvantage however, and

an attempt to assess the relationship between the ridge-level variation

and a possible sealevel rise will now be made, ' ' -
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RIDGE LEVEL TREIDS AND FORMER SEALEVELS,

The Barrier Ridges of Profile II show an increase in level from +9

ft at the back of Birdlings Flat to +3%0 ft over a distance of 5,000 f%
(Fig‘24)° The ridges then vary in level for the subsequent 4,000 %

to the beach. Kﬁowledge of the relationship between sealevel and these
‘ridge-levels is important for considering former sealevels during the
formation and development of the Barrier, It will also test conclusions

that were reached earlier in this section,

The important factors related to the heights of ridges above sealevel

were discussed earlier, It was concluded that variations in the wave
regime are not likely to have affected the major ridge level variation.
Other factors which could affect the change in ridge levels are: sedinent
characteristics, rate of progradation, and possible chenges in exposure.

A discussion will follow of the probable affects of these factors on the

variation in ridge levels on Profile II,

Sediments have already been noted as having similar characteristics
acrogs the Barrier Ridges at Profile IT, o sediment variation across
the ridges here is large enough to lead to such a variation in ridge-

>

levels., Thus the sediment factor is ignored,

The theoretical effect that differing rates of progradation have on
ridge-heights has been mentioned earlier. Rapid progradation may lead
to the additionrof successive ridges befare eerlier ridges develop to
their full éimensions, This does.not appear to have heppened at

Birdlings Flat because of the time-period involved in the formation of
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60 ridges., Weathering modification of pebbles indicates that during
much of this time, progradation has been continuous, Weathering is
restricted to surface staining for the seaward ridges of the sequence,
while towards Devils Knob the thickness of the iron-stained alteration
surface is 0¢5 mm. At the earliest ridges on Profile I1 this zone is

1.5 mme Thig indicates a considerably longer period of weathering for

the earlier ridges in Profile II, which suggesis progradation to have
been active over a long period of time, Thus, the effect that variations

in progradation rates may have had on ridge=levels, is discounted,

The third factor which could influence the increase in rddge levels

is & possible increase in exposure. This might have affected ridge

levels because the earliest ridges in Profile II were formed towards

the rear of a coastal indentation, The dimensions of storm waves entering
this former 'bay' might have been restricted by the headland on the

eastern side of present Lake Forsyth, As progradation moved the shoré—

line to the entrance of the bay, so exposure to storm waves would possibly i

have increased and led to the formation of higher ridges.

Two factors suggest that the incredse in exposure to storm waves

across Profile II was limited, Pirstly, the profile was surveyed along

the western side of the valley; this side faces the south and is not
sheltered by headlands. Secondly, the sﬁraight nature of the ridge=-
axes seawards of 2,500 ft on Profile II suggests that full exposure to

storm waves has been present here, - Ridge-axes are a response to the

waves forming them; thus straight ridge-axes indicate that wave energy ;
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is evenly distributed along the beach, while curving ridges indicate

a changing longshore pattern of wave‘energy and less energy at any one
point. Seawards of 2,500 ft ridge-axes do not curve and are orientated
parallél to the obviously fully exposed ridges near the sea. Ridges
with this form suggest that waves forming them have not been involved

in any loss of energy through wave diffraction in this former bay.
Bastwards of the profile and landwards of 2,500 ft on Profile II, curving
ridges suggest a spreading wave energy within the bay and indicate a

decrease 1n exposure.

The ridge levels seawards of the inner 2,500 ft record an increase in

level from +15 to +30 ft. It is concluded that this increase in exposure

to the storm waves may have affected the earliest ridges bui not the

subsequent increase in ridge-levels,

The variation in ridge-levels seawards of 2,500 ft on Profile IT is

thus suggested to be indspendant of variations in the wave regime,
sediments, progradation, and exposurs. It appears probable that this
.trend in ridge-levels traces a curve of Drmer sealevels and indicates
progradation occurring on & rising sealevel.which vas initiaily lower than
that of the present. This conclusion confirms the formation of the

opit and ifs linking with the Peninsula, at a sealevel significantly

below that of the present. The trend of the Barrier Ridge levels
indicates that sealevel rose 15 ft during the Barrier's development,.

The outer 4,000 ft of the Barrier Ridges may represent a sealevel close
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to the preéént level or 3 to 5 ft higher, This depends on the
‘relationship between the height of the backshore ridge at Poranui Pt
and sealevel, If this ridge is fully developed a sealevel of +3 to

+5 £t is indicated by the ridge-levels,

The earliest Barrier Ridges which show a sealevel similar to the
present indicate the shoreliné approximately 5,000 years ago. This
is inferred from Suggate's sealevel curve which suggests that the
present level was reached about 5,000 years ago. The 5,000 yearé B.P.
shoreline appears to have been at a position level with Devils Knob,

where ridges between +25 and 430 ft were first reached.

SUMMARY,
The important points that arise from studying the Barrier Ridges are

three=fold, These are summarised as follows:

1o The beach and ridge deposits which form on this coast have a
distinctive character that relates to the high energy wave
regime, The ridge sediment forms a fairly uniform deposit
composed of the most stable particles on the beach, The beach
sediment ﬁas moderately dipping bedding with sand to pebble
sizes present. This maerine deposit allows for comparison with

possible marine sediments on the inner margins.

2;, The ridge-—-axes show a sequence of shoreline changes which have
occurred to the west of, and on, the Kaitorete Barrier, They

confirm progradation of the shoreline from an initial position
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at the landwards margin of the eastern Barrier, This
confirms early spit-positiornssuggested by a study of the

Hooked Ridges.

3. The ridges of Profile II show a trend in sealevel; they
indicate a sealevel rise of approximsately 15 £t to a level
which msy have been higher than the present. This confirms
the conclusion, also reached in the discussion of the Hooked
Ridges, of the formation of the Barrier at a sealevel

significantly below that of the present.

Present Shape of Kaitorete Barrier,
The sequence of shorelines indicated by the Hooked Ridges and Barrier
Ridges allows an understanding of the present eastward increase in width
of Kaitorete Barrier. Figure 25 indicates shorelines at various stages
of the Barrier's development, The shorelines west of Kaitorete Barrier
are tentative, being derived from extensions of ridge-axes and an
extension of the inner margin of the Barrier, These shorelines indicate
progradation over the eastern Barrier and suggest retrogradation west of

the Barrier,

The position of near-eguilibrium (the fulcrum) between the two opposing
trends, has been located near the western end of the Barrier (Fig 23)a

Part of the westward decrease in width of the Barrier can be explained

by the position of the fulcrum at this end, Whereas progradation has

operated freely over the eastern portion of the Barrier, it.has been

restricted on the west of the Barrier where it is nearer the fulcrum.
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This unequal distribution of progradation has meant that the eastern
portion of the Barrier has increased in width more than that in the

west,

The rest of the westward decrease in Barrier width‘can be explained

in terms of the northeastward shift in fulcrum position. This move=
ment has occurred as continued retrogradation west of the Barrier has
brought about the extension of the eroding coastal sector to the western
Barrier.  Coastal recession on the western Barrier has given rise to
the further narrowing of its western end. This erosion has led to the
formation of the narrow barrier beach connecting the Barrier to Taumutu
in the extreme situation where the former Barrier has been completely

removed,

The westward decrease in width of the Borrier is thus related to two

factors:

1o the limit to progradation on the western Kaitorete Barrier,
because of its position near the fulcrum between a retrograding

and a prograding coast,

2. the extension ontc the western Barrier, from the west, of

coastal erosions

This discussion indicates that the Kaitorete Barrier has undergone a
sequence of changes related to the changes in the whole of the coastal

area between Banks Peninsula and Tinaru. The Barrier can be seen as

a dynamic feature which has undergone growth and development, It could
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be suggested that the Barrier is now in a state of decay. Its

future development will be related to the megnitude of changes on

the coast to the west of the Barrier.

Sumnary
The combination of the two groups of ridges show that there are two
periods in the development of Kaitorete Barrier, The first period
is when a spit was present, gradually extending across and se?arating
an embayed area between the fan margins and the Peninsula, This is
suggested to have occurred between 7,000 and 6,000 years ago. The
second pericd follows the joining of the Spit with the Peninsula,
This merks the exclusion of the sea from the Wllesmere area and the
formation of a lake in the depression between the Barrier and the fan
nargins, Shorenormal progradation has led to the formation of the
Barrier Ridges, At the eastern end of the Barrier progradation is
shown tc¢ have extended continuously from the Spit's meeting the Peninsula !
to a time near the present., At the western end of the Barrier eearly
progradation changed to retrogradation as coastal recession on the
adjacent coast has affected the development of the Barrier here.
The increase in level of the Barrier Ridges that is apparent on Profiles
IIT to VI, end present on Profile II, is thought to result primarily
from a rise in sealevel, although an increase in exXposure may be
significant for the early ridges on Birdlings Flat, The suggested
sealevel curve is from a level at ~20 ft when the Spit was present,

reaching mean sealevel when the Barrier had prograded level with Devilts




Knob. Comperison of the extent of particle modification by
weathering scroas the Barrier suggests that the most seaward ridges
on Profile IT have formed recently. The‘Barrier Ridges thus do
not add conclusive evidence either for the present occurrence of
nonoccurrence of progradation at Poranui Pt, but evidence from thenm
does indicate that if progradation is not active at present it has

only recently ended.

The discussion so far has neglected to consider the dunes on the
Kailtorete Barrier and their implications for recent coastal develop-
ments,  The next section seeks to discuss these dunes ftogether with
those of the northeastern lalkemargins., Discussion of the coastal
dunes will allow a further consideration of the sediment budget on the
present and past shores of Kaitorete Barrier, Investigation. of the
dunes and ridges on the northeastern lake margins will introduce the
problem, so far ignored concerning the shoreline evidence in the

Ellesmere area,




AROLIAN LANDFORMS.

General

Dunes and related aeolian landforms are significant features on the
Kaitorete Barrier and on the northeastern lakemargins, A study of

the dunes on Kaitorete Barrier adds to the understanding of beach
environments during progradation on the Barrier, whilé an investigation
of the dunes and wridges on the northeastern lakemargins provides an
answer to the question of former marine shorelines in one part of the

Ellesmere area,

Dunes on Kaitorete Barrier.
Dunes on the Kaitorete Barrier have been divided into three categories
on the hases of location and morphology. These three sets of dunes
will first be described separately and then their implications for ?

coastal development will be discussed,

COASTAL DUNES,

Coastal Dunes are the most noticeable dunes on Kaitorete Barrier.

They barallel the beach for most of its length but decline in width

and height eastward towards Poranui Pt where, for the easternmost 2
miles, dunes are subdued or absent, For the rest of the Barrier, dunes
generally rise 15 to 25 ft above the Barrier surface and occupy a width
of 200 yards, An approximate trace of their outline is present in

Fig 7 (inside back cover). Coastal Dune sediments are moderately to

moderately-well sorted unimodal sands with mean sizes between 0 and
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1 ¢. The variation in form, height, and width, from west to

east provides a better understanding of the beach environment,

Tor the western 5 miles of the Barrier wave attack on the seaward
mergins of the dunes was earlier noted (Fig 12). Parabolic dunes

(ru shaped dunes with two arms aligned parallel to the predominant

wind and both arms pointing upwind) are present in this coastal sector.
Their arms are sparsely vegetated and extend landwards from the back—
shore for distences up to 80 or 100 yards, The orientation of the

parabolic dune axes was compared with a theoretical axis orientation

derived from wind-resultants (using a modified Landsberg-Bagnold method

of calculating wind Vectors.) The technique and calculations are

described in Appendix VIII,

Five years wind data from Taumutu was used in the analysis, Only the
three onshore vectors were used, following Jennings (1957>; The
theoretical orientatioh of the parabolic dunes is 130 to 140 west of
south, which compares well with the average axis. trend of these dunes

of 160 wes% of south. Cf the 19 dunes 15 had axes between 120 and 180
west of south, This agreement between theoretical orientation calculated

from present wind data and actual dune orientation suggests that the

directions of strong winds from the southern vectors have bheen similax

for the period invelving the formation of the parabolic dunes, This

could involve a period of between 500 and 2,000 years.
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For 8 miles further east of the western coastal sector there is

an eastward-change in character of the dunes, The width of the
backbeach area increases, the wave-ftrimmed dune margins disappear,

and a low foredune gradually gains in prominence, Blowout dunes

are present in this sector, situated landwards of the foredune. Fig 26
illustrates the nonaligned nature of these blowouts, the bare centres,
and the foredune forming the seawards margin. The Coastal Dunes
decrease in height and width to the eastern 3 miles of the Barrier

where they are present as low dunes less than 5 ft high. For the

eastern 2 miles of the beach a thin sand veneer, less than 1 ft thick,

is present on ridges landwards of the backshore,

WHSTERN INﬁER DUNES,

The Western Inner Dunes are low undulating dunes deposited on the Barrier
Ridges over the western b miles of the inner Barrier, Depths of more
than 3 £t were measured; the depths decrease eastwards and these dunes
are absent east of Bayléy's new farmhouse, The brown colour of the
dune-sand, indicative of considerable weathering, plus the truncated
nature of the northern margins (related to an early lakeshore) provide
evidence that these dunes are older than thé Coastal Du:qes° Alsoy
sediment analyses show bimodal or polymodal particle-size distribution

curves which are different to those of the Coastal Dunes, The third

mode is related to scattered pebbles in the sand, These dunes are
similar in sediment characteristics and form to the low dunes forming

on present backshore areas in situations such as that demonstrated in

Fig 10, It is suggested that the formation of these dunes is related
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to situations adjacent to earlier shorelines, These dunes appear
to represent an overall loss from earlier beach systems because they
gradusally disappear eastwards and are absent from the rest of the

inner Barrier.

EASTERN INNER DUNES,

The Eastern Inner Dunes are a low set of dunes which are situated

from 100 to 300 yards landwards of the Coastal Dunes, 3 to 8 miles

from the Barrier's eastern end. A portion of this low dune area is

seen in Fig 27, lying in the background between the two arrows., These

dunes are about 300 yards from the Coastal Dunes which are in the foree !
ground, The Eastern Inner Dunes, like the Western Inner Dunes, are |
inactive relict dunes, being vegetated and showing no signs of sediment

movement.,

The following 3 factors suggest their formation from the Coastal Dunes:

1, Their position inland of the Coastal Dune blowouts. The
Lastern Inner Dunes illustrated in Pig 27 lie landwards of the
blowout shown in Fig 26, Blowouts are frequent in this coastal

sector,

2. The frequency of strong onshore winds from the south and
southwest, They make 1t conceivable for sand to be moved

inland to form these dunes,

3. Their very irregular positions and shapes, which preclude
any formation related to earlier shorelines landwards of the

present beach,




Pigure 27, View north from Coastal Dunes towards lastern

Inner Dunes in the middle distance (arrows)e Thig

photogranh is taken from the same position as that

in Figure 26,
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DISCUSSION,

Both the @oastal Dunes and the Vestern Inner Dunes show a progr ssive
eastward descreasgse in extent, and raise the question of why this longe
shore trend occurs,. An.understanding of this longshore change lies

in the knowledge of the conditions related to dune formation; Zenkovich
(1967) writes that dune formation depends on the presence of both a
favourable wind regime and sufficient sand reserves in the coastal zone,
Exposure to strong onshore winds does not alter along the Barrier., Thus,
the eastward decrease in the Western Inner Dunes and Coastal Dunes
suggests a related decrease in sand reserves from the beach and near-

shore zone, An eastward decrease in sand reserves in this zone must be

related to progressive onshore and offshore losses along the Barrier,
Offshore losses are unknown but losses through dune formation are cons
siderable, Both sets of dunes thus confirm the importance of longshore
changes in the sediments in the beach system. This tends to substantiate
the conclusion, suggested from studying the height of the Barrier surface,
that there is a longshore variation in the proportion of sand in the beach

sediment,

The question of why the Coastal Dunes have a greater eastwards extent
than the Western Inner Dunes may be answered by suggesting a chenge in
the source of sand. An eastward movement of the sand source lafer in
the Barrier's development would mean that, given similar longshore losses
from the Beach, dunes formed later would extend further eastwards, It

was suggested earlier that the fulcrum for the Barrier's development

moved northeastward and that erosion extended onto the Barrier, This
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eastward extension of erosion indicates a movement of the source
which would enable sand to move further eastwards along the Barrier

when shorelines were near that of the present,

This hypothesis of events éllows an explanation of the difference in
eastward extent between dunes on the coast and the Western Inner Dunes.
It explains why dunes are present towards the eastern end of the Barrier
adjacent to recent beaches but are absent landwards, Dunes on the
Keitorete Barrier thus allow some insight to be gained into the

sediment budget both in the present and past coastal situations. They
also provide a means of comparison with dunes on the northeastern lske-

marginsg when assessing whether the lalkemarginal dunes have been formed

in a coastal or lakemarginal situation.

Hortheastern Lakemargins.

n
M
i
o

The major duns: ridges in this part of the study area were

described in a previous section, These ridges and dunes are the only
prominent features in a flat, lowlying area separating the cliffed spur-
ends from the Lake, 0f these ridges and dunes, Davidsons Road Ridge

is the only noticeable feature, rising more than 10 ft above the
surrounding area. It has been suggested that fhese-features may be
related to former marine shores within the Ellesmere area. However,

a comnparison between the dunes on the present coast and‘the landforms

in this area suggests that a likemsrginal hypothesis of formation is

more acceptable,
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Important differences in particle size parameters and morphology

are present between dunss on the Ksitorete Barrier and the north-
eastern lekemargins, Pigure 8 illustrates that the northeastern
sediments have finer mean sizes than the Coastal Dunes, a difference
which is further indicated in Table 4, Sediments between the Lake
and spur-ends have mean sizes between 2 and 7 ¢ although mean sizes
from the dune samples are between 2 and 4 ., Those from the Coastal
Dunes have mean sizes between O and 1 ¢ while mean sizes of samples

from the Western Inner Dunes are coarser still, lying between ~1,5 ¢

and 1 @ (Pig. 8).

The most likely cause of the difference between the sediments in the
northeastern area and those in the dunes on the Barrier, is a difference
in sorting processes during transportation, Sediment sources are similar
except that there is probably some contribution of silt and clay sizes
in the dnner area from the loess on the spurs of the Peninsula, The
dunes and ridges of both areas suggest wind and wave formation,
respectively., The most simple explanstion is that the inner sediments
- have been deposited from suspension in the relatively calm lakewaters,
This conclusion is supported in the northeastern area by a trend towsrds
finer mesn sizes eastwards from the main river sources. Table 4 shows
that mean sizes of the lake and dune sediments in Gebbies and Mcluesens
Valleys are Tiner than those of the sediments from further west, Modal

sizes also indicated & sgimilar trend,




Table 4, Particle Size Parameters of Sediments from the Northeastern

Lakemargins and Selected Locations on the Present Coast.

Mz size (@)

Sample Wo, Site Mean Size

Sorting (OI) Skewness

Gebbies — McQueens Valley

10 Dune % .68 0.58 0.41
12 dune 3,97 0.74 0.55
15 dune 4,21 1.61 0,51
18 dune 3,56 0.33 0.00
19  lake 4.80 1,91 0.71
20 lake 6.69 3.85 0,77

Lincoln = Greenpark Huts

114 dune/ridge 2,76 0.54 -0.09
115 dune/ridge 2,%1 0.36 0.09
117 dune/ridge 2,53 0.46 0.06
116 lake 2.58 0.55 0,14

Dunes on Barrier Seacoast

107 dune 0.2% 0.82 0,20
85 ~ 0.73 0.67 0.05
86 0,77 0.63 0.17

69 0,30 0.79 0.19




The mor@hology of dunes and ridges on the northeastern lakemarginal

area shows significant differences to that of the dunes of the coast.

In this inner area dunes are mostly low undulating features, less than

5 £t high. Davidsons Road Ridge is higher but its morhpology incore
vorates features of both dunes and ridges. Dunes on the coast on the
other hand, are usually between 10 and 20 £t high. These differences
in sediment charadteristics and morvhology between definite coastal
dunes and dunes on the inner margins suggest that a lacustrine formation
for the inner features mey provide a more likely explanation for the

landforms and sediments there.

It has already been noted that a trend in mean grain size beltween the
sediments in Gebbies and lMclueens Valleys and those further west suggests
deposition from suspension within the Lake, Bvidence supporting this

hypothesis is also present in the relationship of the dunes snd ridges

with the present Lake, in the stratigraphic relations of the dunes and
lake sediment in Gehbies Valley, and in the similarity between lake and

dune sediments in this lekemarginal area.

The Greenpark Ridges are shown in Fig 6 to be situated parallel to the

2

£

marging of the present lake, and other ridges can be easily related %o

earlier and, or, higher lskelevels, In Gebbies Valley a section in a

drain shows that the dunes overlie lake sediments, Table 4 illustrates ‘ ‘
the similarity in sediment parameters between lake sediment and ¥idge or
dune sediment in the Lincoln-~to-CGreenpark ares. There is grester

variation amon

o
)

the lske and dune sediment samples in the (ebbies

Valley area, velated to the varying significance of a 'fine tail,!?



The 'fine tail' is more significant in the leke sediment and gives
he finer mean sizes, poorer sorting, and strong positive skewnesses
of samples 19 and 20 (Table 4). This tail may represent an input from

erosion of the loess on the surrounding spurs,

Thus, an origin relating the dunes and ridges in the northeastern area

to a formation in their present lekemarginal situation appears most
likely. This mode of formation provides evidence of lakelevels higher
than the present level on the northeastern lskemarging and suggests

the lakeshore at higher levels fto have been at the base of the gpurs of
Banks Peninsula. This raises important questions about the extent of

the former lske and the modes of formation of other lakemarginal features,
Answers'to‘both of these duestions will be given in the following section,
wnich discusses the critical areas for this study: the inner portion of

the Kaitorete Barrier and the western lakemarginsg.,




LACUSTRINE DEPOSITIONAL LANDFORMS,

General

A sequence of shoreline changes has been suggested for this coast,
occurring towards the end of the postglacial rise in sealevel, when
sealevels were lower than The present, These shoreline changes
involved spit development and the eventual formation of the Barrier,

on a sealevel between ~20 and =10 ft, which excluded the sea from the
Illesmere area, This tentative series of events has been developed
from evidence on Kaitorete Barrier, in the Barrier Ridge and Hooked
Ridge aress, This section studies two aress that are critical to these
initial conclusions of coastal development: the inner margins of
Kaitorete Barrier and Leke Ellesmere's western margins., Landforms in
these areas have been related to merine shorelines, which would indicate
the sea to have been within the Ellesmere area at a level equal to tThe
present, The main purpose of this section will be to explain the
various groups of landforms; it will also serve to assess the importance

of a former lake for the lakemarginal area,

Landforms on the inner Barrier will be described and discussed first;
part of this discussion will involve an evaluation of thé evidence for
higher lakelevels, This will be followed by an investigation of the
ridges on the western lakemargins, firstly the Taumutu Ridges and

secondly, the Lakeside Ridges,




Ridges on Inner Kaitorete Barrier,

GENERAL,

The ridges on the inner Barrier are divided into 4 groups on the
bases of morphology and location, These groups are, from east %o
west, the Birdlings Valley Ridges, Railway Cutting Ridges, Speight
Ridge, and Bayleys Ridges., The grouping is for ease of deécriptibn

and it is important to remember that they form a continuous ridge series,
These shingle ridges extend westwards from Birdlings Valley for

the length of the Barrier to the barrier beach separating Lake Ellesmere
from the sea, The area of ridges is less than half a mile wide in

most parts; eroups of ridges are present in the eastern portion of the
inner Barrier and in Bayleys Ridges, but for the rest of the inner Barrier
a single ridge with widely varying characteristics, Speight Ridge, is
present, The elongated nature of this ridge series gives=a clue to its

formation,

These shingle ridges have similar sediment properties to those of the
Barrier Ridges which form their seaward margins, Figure 8 illustrates
the similarity in grainsize parameters between sediments from these two
areas, Form and roundness properties appeared similar in both areas too.
However, the inner ridges appear quite distinct in bedding, orientation,

and surface form from the Barrier Ridges,

Railway Cutting Ri&gesaﬁ

The Railway Cutting Ridges sre a complex group of ridges at the eastern

0g
09

end of this ridge series. Traces of the ridge axes are shown in Fig 28,

- Their axial trends show three periods of ridge development, the last
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filling the re-entrant between the Barrier Ridges and spur-ends, and
enabling the drifting of sediment into Birdlings Valley. This
succession of ridges, together with that in Birdlings Valley
(indicated by arrow), is shown in Fig 29, This photograph clearly
shows the situation of the Railway Cutting Ridges between the spur-

ends and the Barrier Ridges (dashed 1ine)a

Profiles were surveyed across these ridges and are illustrated in

Fig 303 the locations of the profiles are shown on Fig 28, The inner
ridge groups have ridge levels between +14 and +17 ft, while those of
the outer group fange between +16 and +25 ft,. The outer ridges are
separated from the innermost ridges by lagoonal sediments, These
ridges may 5verlie fine sediment or extend to the Hooked Ridge surface
beneath. Speight (1930) described a pit close to the railway line

where these ridges overlie sediments dipping towards the sea,

Birdlings Valley Ridges.

This series of shingle ridges is orientated across Birdlings Valley

and tied to the Railway Cutting Ridges by a small shingle ridge along
tﬁesmuthern valley wall (Fig 28). The characteristics of these ridges
are shown in Fig 313 the ridges are closely spaced with a distinct
ridge and swale form, and are orientated directly across-—valley, A
profile crossing fhe Birdlings Valley Ridges is shown in Fig 30, This
group has ridge levels between +17 and +19 ff except for the most lake=
ward ridge which is }23 £t The number and horizontal extent of these
ridges decreases from the northern side té the southern side of the

sequence,




Figure 29,

Reilway Cutting Ridges sequence

in re-entrant

between Barrier Ridges on right foreground (dashed)

and spur—énds in background., Birdlings Valley

Ridges in background (arrow),
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Figure 31, View southeast across the Birdlings Valley Ridges. Formation of

the ridges was from left to right, and ldke is to the left.




The ridge along the southern wall relates these ridges to the other

inner ridges on the Barrier, and further evidence of tﬁis relationship

is provided by the stratigraphic sequencé in Birdlings Valley. Exposures
“din thé stream which cuts the ridges show lake sediment beneath the

Birdlings Valley Ridges. This suggests ridge formation on a lakeshore,

Speight Ridge,

Speight Ridge is a complex feature exténding along most of the inner
Barrier, It is interrupted 10 miles from the eastern end, by a complic—
ated series of shingle ridges and depressions (Bayleys Ridges>. The
changeable nature of Speight Ridge can be seen on Profiles III and IV

in Pig 24, The ridge may present a low angled northern slope and a

steep southern slope, as is shown on Profile III, In other places it
exhibits a steep northern slope, with little difference between the ridge~
top and the associated Barrier Ridges; such a condition is present on
Profile IV, The height of the Ridge varies along the Barrier between

+18 and 424 ft,

Bayleys Ridges.

Bayleys Ridges are a sét of ridges and depressions, 2 to 3 miles in
east=vest extent and up to 1,000 ft wide, Profiles V and VI show two
sections of this ridge areas (Fig 24) they indicate several major
ridges and depressions, There is evidence in these ridges‘of several
'major' shorelines., These shorelines are numbered on Fig %2, which

indicates the ridge-axes in this area, The earliest shoreline is

adjacent to the Western Inner Dunes and ap?ears on the left foreground
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Mg 33 (dashed line), This shore position suggests a similazr

Q
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or earlier age for the Western Inner Dunes, Later deposition formed

the rést of Bayleys Ridges on Profile V, Progradation followed and

led to the formation of a series of bhetween 27 and 28 curvilinear ridgéso
The pattern of these ridge-axes suggests progradation westwards and
northwards, related to a sediment supply from the east, A later shore
truncated the outer ridges of this series and formed an irregular ridge
thaet has continued westwards enclosing, with overwash features, depressions
behind,. Some of these depressions are shown in the centre foreground

of Fig 33, The fourth shore position is a prominent lower shingle

ridge between #11 and 14 ft,

EVIDENCE FOR FORMATION,

Evidence for wave formation is present in several exposures where well
bedded deposits dip lakewards at angles up to 50° The truncation of
the Barrier Ridges by Speight Ridge shows that the inner ridges were
formed following the presence of the main marine ridges, This later
formation of ridges located inside the Barrier Ridges combines with two
other factors to suggest formation by waves from the position occupied

by Leke Ellesmere. These other factors are:

1. Bedding in Speight Ridge and the Railway Cutting Ridges dips
lakewards at angles up to 50. Pigure %4 shows a clear bedding

pattern dipping westward towards the Lake,

2. Overwash features are present on the backslopes (seaward side)

of wvarious ridge sets, Figure 35 indicates such landforms on
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Pigure 33, View west in west end of Bayleys Ridges. Steep
lakeward face of Western Inner Dunes is in left
background (dashed), depressions in middle back=
grovnd, and lske-ridges in foreground and right

7%b@gkground>(present as overwash featqres)

il

Figure 34, Bedd

lakewards, View south,




Figure 35, View north towards lake Ellesmere (baokground) from
Barrier Ridges showing Speight Ridge present as a
gseries of overwash features (mid foreground).

Sheep indicate héight of the ridge's backslove,
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Speight Ridge, and they are also evident on Fig 3% in the

right foreground. . ' N

Speight (1930) suggested that the waves forming the inner ridges were

seawaﬁes at a period of higher sealevel, when the Barrier was awash and
the wave platforms were being cut. This hypothesis is rejected because
a rise of sealevel sufficient to allow sea to enter the Lake would have
destroyed landforms over much of the Barrier's surface. A rise of +16
to +20 ft would be necessary to enter the present lake at its outlet.

Such a rise would have destroyed the Western Inner Dunes and the ridges
over much of the Barrier. Furthermore, there is no evidence of such a

rise in the Christchurch area.

The simplest explanatvion for these inner ridges on the Barrier is waves
on a lake éf greater magnitude than the present. Two conditions need to
be satisfied to make this explanation acceptable. Firstly, the Lake

must have been able to reach levels necessgary for waves on it to form the
ridges at their present levels (between +15 and +24 ft), Secondly, winds
must have been able to form wavés on this lake of sufficient size to move

shingle, These two factors will now be discussed.

FORMER HIGH LAKHLEVELS,
Four lines of evidence give an indication of former water—levels on

Lake Bllesmere, These are:

1, Historical evidence,
2. The height of the Leke's outlet.

3. The influence of wind,

4, HMorphological evidence,
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Barly reports record the Lake's ability to reach the base of the inner
ridges on the Barrier, and to reach le&éls up to +10 ft, in European
times, Early writers report the swaﬁpy nature of the land at the base
of the spurs of the Peninsula such that several !'passes' were necessary
over the spurs., An old map (Black Map 115) shows an 1862 flood level
that follows the base of the ridges from the Railway Cutting Ridges,
along Speight Ridge, and around the fourth shore position of Bayleys
Ridges, to the ﬁestern end of the Barrier, Mr, C, Miller (1970,persa
comm.) reports that lakelevels in the early 20th century reached his

house in McQueens Valley, which is at a level of +10 ft or more., Harris

(1947, in Wraight, 1958) wrote that the lake-level was possibly 48 to +9

ft when the Lake was opened by the Maoris in the last century. Since
the early 20th century the lakelevel has been further limited to between

+4 and +6 ft, and since 1947 to less than + 3.7 ft.

In pre-lMaori times the maximum possible lakelevel would be governed

by the height necessary to breask over the Barrier at the lowest point.
This lowest point at present, is the barrier beach at the western end
which 1s at a height of +16 ft, With a wave regime similar to that df
the present and a barrier across the outlet, the Lake has conceivably
been at levels up to +16 ft, The continuous presence of a barrier
beach is highly likely because the barrier beach is a response to the
wave regime, If sealevel has been higher than the present then if is
possible thet the barrier beach, and‘consequently lakelevels, have been

higher too,
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Moderate to strong winds can have considerable influence on lakelevels

by lowering the water-level at the upwind end‘of the lake and increasing
it at fthe downwind end. Records taken for Lake Ellesmere betweern 195%
and 1952, summarised in Table 5, show differences in levels of up to 5 %
between two stations 14 miles apart. The absolute level increases at

the downwind end will be less than these maximum differences, but will
still be significant. This effect could raise the water level by several
feet at the eastern end of the Lake for south to southeast winds, thus
increasing the height of wave-action, The opposite action would happen
with nértheast conditioﬁs: the level increase would occur at the western

end,

Higher lakelevels should have left shoreline evidence around the Lake's
margins., Lakeshore dunesand ridges have already been described on the
northeastern lakemarginss of these features, those in Gebbies and
McQueens Valleys suggest lakelevels up to +10 ft, Other morphologic
evidence of higher lakelevels will be discussed in the later sections. -
From this review of evidence for high lakelevels it can be concluded that
former levels have been considerably higher than those of the present.
Historical evidence indiéates former levels up to +10 ft, Deductioné
from the water-level necessary to break over the Barrier, and from the
effect of wind-induced water-level variations, suggest that levels higher
than +15 ft are possible, Thus, lakelevels, with éuffioieht height %o
reach the ridges on the inner Barrier have been demonstrated as operating
in an earlier Lake Ellesmere. Before the hypothesis of ridge formation
by waves from the Leke can be accepted, it is necessary to assess the

ability of waves of sufficient size %o form on a higher lake,




Téb1e5a Wind Induced Variations in water-~level on Lake Ellesmere,

Year Date Maximum difference Max. 1 hr, Direction
in levels (ft)* wind run (kts) Degreestt

1953 10 April 4,2 40 220

11 April 5,05 5% 200
1954 10 July 3.95 48 220
1955 29 April 3.4 40 190
1957 28 September 3,15 30 050
1960 30 May 3,15 26 040
+

Recorded about the time that water-level at Teumutu changed from
rising to falling or vice versa, Windspeed and direction was
measured at Taumutu. Water-levels were recorded at Taumutu and

Kaituna,

++
Direction is measured from True North,

Source: Hydrology Annual, Number 10, 1962: 191-192,
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;‘POSSIBLE WAVES ON A FORMER LAKE BLLBESH<RE,

The possible waves able to be formed on a former Lake upllesmere were
derived theorétically because the present dimensions of the Lake prevent
wave formation, The theoretical calculation of wave heights, periods,

4.

and lengths for lakes is different fo thet for oceans because the
additional factors, depth of water and plan-shepe of the lake, must be
taken into account. Hater—-depth limits wave dimensions for waves with
lengths greater than two times the water-depth, Plan~shape must be

considered because wind acts on an area in forming waves and narrow water

. bodies may restrict wave~formation.

In a deep-water lake (depths greater than half +the wavelength) wind

blows across sn area of water snd forms waves which incresse in height,
veriod, and length until meximum dimensions are reached for a wind of
ﬁhat velocity. The time taken to develop to the moximum dimensions, the
Minimum Durstion, varies with the fetch and the wind-velocity, For
shallow-water lakes there is an increasing frictional loss of wave energy

with decreasing depth. Thus, for winds of a given velocity the meximum

depths impose on wave height are demonstrated in Fig 356,
The second factor that must be considered is the plan-shape of a lake.

The straight-line fetch does not give an accurate indication of the 'true!
fetch that a wind acts over in an inland water-body. The Effective
Fetch (Beach Erosion Bd, Tech., Memo, MNo 132) takes into account straighte
line water distances within ABO of the wind direction. Fetches on

Léke fllesmere Wefe calculated this way and the method is shown in

Appendix IXA,

e

vave dimensions are less than those in deep water, The limits that water-
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Analysis,

For the calculation of theoretical wave heights and periods on Lake

Ellesmere, hourly records of wind velocity and duration for Taumutu
during 1951 were analysed. Details of the anemometer and the recording
site are described in Appendix IX B. The relationship between wind

speeds recorded at Taumutu and 'average windspeeds' on the Lake, is not

important because the windspeeds used are generalised to the lowest
values, Variations in water-depths and possible effects of vegetation

growing in the water are also ignored,

Effective Fetches were calculated for five positions erocund the Lake,
At each location the fetches were calculated, with 3OOintervalsg for
all directions of possible wave-approach. The locations of these five 3
pesitions and their fetches are illustrated in Fig 37. Because of the
elongated plan=shape of the Lake the longest Effective Fetches were

between 7 and 9.% miless; these fetches were considerabiy less than the

longest straight-line fetches of 14 miles.,

For the theoretical calculation of wave parameters water-depth is assumed
to be 10 ft at the downwind end of the fetch because the analysis applied
to the lake at levels of 15 ft, Sedimentation has been proceeding at

an unknown rate and has been progressively lowering the depth, There=

fore, initial depths may have been much greater snd, when combined with
wind-induced waterlevel variations, downwind depths may have been greater
than 20 ft. The increase in wave height that would occur with depth

increases up to 15 £t (wind remaining constant), is shown in TFig 36,



EFFECTIVE FETCHES ARE EXPRESSED
IN MILES

. . - . . . . =n0
Pigure 37, Effective Fetches in miles, calculated at 30

intervals for 5 pozitions on the lskemsrgins,
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Selected groups of hourly mean velocity values were used to derive
theoretical wave heights and periods using diagrams of their generalised
deep~water relationships with windspeed, fetch, and duration velues

(Beaoﬁ Krosion Bd, Tech, Memo. No 132, plates 34 and 35), These deep=
water wave heights and periods were then limited to shallow-water maximum
dimensions for a 10 ft average depth using the values indicated on Table

6. This table assumes unlimited fetch and fully developed waves,

Although some increase in minimum durations can be expected, the difference
in wave dimensions between the deep-water and shallow-water (lO £t depth)
conditions suggests that waves would be developed to . the shallow-water

dimensions over the fetches used,

Wave dimensions that would theoretically have Eeen.formed at the Rallway
Cutting Ridges are shown an Table 7, Winds recorded during 1951 at
Taumutu from the southwest and south would form waves with heights up %o
3.2 ft and periods up to 4.5 seconds,. Calculations for the western end
of Speight Ridge show theoretical wave heights between 2 and 2,3 ft from

several directions,

Orbital motion in a 2 £t high wave with a 3.9 second periodrcan move
pebbles (S.G. = 2065> with median diameters of 25mm (medium pebbles) in

3 ft of water, and those of 4.5mm (very small pebbles) in 6 £t of water,
(Hydraulics Res. Station Notes, 1969). These sizes would‘obviously

also be moved in the swash zone where more turbulent conditions prevail.

A 2,6 £t wave with a 4.25 second period can 1ift large pebbles (DSO = 8mm)
in water-depths of 6 ft. Thus, waves which are theoretically possible on

this lake can move the sizes that are present in the inner ridges.




Table 6, Theoretical Wayve Heights and Periods over an unlimited

Fetch for 10 ft water depth (Bretschneider in Ippen, 1966)

Wind Speed (mph) Wave Height (ft) Wave period (secs)

20 2,0 5.9

25 2.3 4.1

30 2.6 4,25

35 2.8 4,4

40 3.0 ] 4.5

45 363 4.6 ‘

|

Source: Bretschneider, C.L. in Ippen, A.T.; 1966: Estuary and

Coastline Hydrodynamics, T44 pps.




Table 7. Theoretical Wave Heights calculated for the Railway Cutting

Ridges and Speight Ridge from 1951 wind velocity date
limited by a 10 ft water-depth,

Eff, Fetch "Velocity Duration Wave Ht Duration of waves
(mph) (hours) (feet) at max. dimensions
(hrs)
Railway Cutting Ridges
240° (5,9 miles) 20 1 less than 1.9 -
447 3 3.2 1,55 hrs
270° (7.2 miles) 24 - 40 5 2.3=2,6 3,20 hrs

Speight Ridge
o)

300" (6.5 miles) 24 = 40 5 2.3 34,30
330° (7.1 miles) 2% = 30 3 2.2 1.20
30 ~ 38 3 2.6 1,357
22 - 29 3 2.3 3
360° (7.0 miles) 20 - 26 6 2.0 5.0
22 - 28 5 2.1 - 2.3 3,20
030° (7.4 miles) 19 - 22 4 2,0 2,10
25+ 5 2.3 | 3,20+
20+ 8 2.0 8
060° (5.9 miles) no significant records
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Incomplete refraction of these wind-formed and directed waves would
have led to littoral drift. Significant waves approaching the eastern
inner Barrier would have approached from the west, and would thus have
caused an eéstwards drift, Western portions of the inner ridges are
open to signifiéant waves from more varied directions which would have
caused varying drifts,  This variability in wave conditions could have

led to the complicated shoreline developments present in Bayleys Ridges,

The small frequency of high windspeeds, together with the probability

of low lskelevels for part of the time suggests that the process of

ridge building and modification would take a long time. Evidence which
was given earlier suggests that a time period of 6,000 years is available
for this action, Vladimirov (1953, in Zenkovich, 1967, p321) demonstrated
the action, when proceeding, to be rapid. He noted 38 metres per hour
loﬁgshoremmovement of shingle sirzes (diameters greater than 10 mm) with
waves 80cm high approaching the shore obliquely, This indicates that

the time period envisaged is sufficient for the formation of these

features,

Summary

The ability of the Lake to reach levels sufficient to reach the ridges,
and of waves formed on the Lake to move pebbles, indicates that shingle
ridges én the inner Barrier could have been formed by lakewaves., This -
conclusion, when ooﬂbined with geomorphic and stratigraphic evidence
from the inner ridges, confirms the hypothesis of lacustrine formation
for these ridges, This conclusion maekes a consideration of the possible

lacustrine influence on features on the western lakemargins necessary,
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-Shingle Ridges on Western Lakeshore.

GENERAL,

The shoreline festures on the western edge of the Lake can be divided
into two groups on the bases of sediments forming the ridges and their
surface-forms, This ridge series appears continuous in surface-form,
but the relationship between the two groups is obscure because of the
absence of sections., Speight (193%0), Suggate (1968), and Burrows (1969)
wrote that these ridges are evidence/df former marine shorelines, The
rest of this section investigates the evidence present in the sediments
and landforms, and assesses the merine and lacustrine hypotheses of
formation, The Taumutu Ridges will be discussed first and the Lakeside

Ridges, second.

LUMUTU RIDGES,

These ridges extend parallel to the southwestern lakemargins for two

miles in a northesouth direction from Taumutu, The ridge area narrows

northwerds from 2,000 £t at Taumutu to 500 ft before linking with the ares

of Lakeside Ridges. At Taumutu the complex ridge development is seen
in the trace of ridge=axes shown in Fig 7 (inside back cover). Single
ridges lose distinctness moving northwards, énd for the northern 1 mile
there is a single broad shingle ridge. At a drain exposure near the
northern limit of this area 3 to 4 ft of shingle ovérlie fine gsand and
peat at a level éf approximately +10 %o 415 ft. The pebbles are similar

in form and roundness to those found southwards to Taumutu; northwards,

sediment of e different form and roundness marks the southern limit of the

Lakeside Ridges.
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A profile crossing the ridges at Taumutu is illustrated in Fig 38,

It shows 15 ridges over a horizontal distance of 2,000 ft, Most of

these ridges are between +11 and +17 ft but two ridges, capped by a

layer of sand, reach over 20 ft, The lakeward margins of this ridge
group show a possible ridge between +5 and +10 ft, The height and

extent of these ridges havé been suggested by others as evidence of a
marine formation for these ridges, However, a lacustrine origini:provides
a betfer explanation for factors which have arisen firstly, from studying
the sediments in the ridges and secondly, from the presence of a freshe

water mollusc in fine sand beneath the ridges.

Sediments exposed at the surface of the Taumutu Ridges are pebble to
granule sizes, but the veriical extent of such sizes is uncertain., A
section through the ridge immediately lakewards of Lower Lake Road, 0.3
miles south of the profile, is shown in Fig 39. This section indicates
coarse sand to small pebble sizes in layers for the upper 3.5 £t overlying
4 £t of green fine sand. The upper 3.5 ft is the sediment forming the
ridge, The fine sand is similar in mean grain size and sorting to the
samples from between Lincoln and Greenpark Huts, which possibly indicates
similar conditions of deposition, These sediments show no resemblance
to the marine sediments exposed in the section through the Barrier Ridges
at Devils Knob. It is very unlikely that processes on this high energy
coast would form & deposit of this nature. These sediments exposed in

the Taumutu Ridges indicate devosition on a lakeshore,




YII TAuUMUTU

E | | W

257

20

FT
15

)
0
10
RIDGE SEDIMENT
FT 5 SAND
SILT
0
0 250 500
FT V.E. = 50X
Migure 38, Profile VII surveyed across Tasumutu Ridees half s milse

m the Lake in the esast

=

north of Taumutu, running fro

towards filuvial sediments in + WesST .




MSL

15 feet above
RIDGE
SEDIMENT

o~
~

section
& GRANULES
- COARSE SAND MATRIX

green
Hyridella menziesi

shell remains

Base of

Surface
um b

HORIZONTAL

PEA GRAVEL - VERY SMALL PEBBLES
COARSE SAND
FINE SAND

S

BEDDING

FEET
ridge at T

i

hroug!

ion th

'

$93/764168
Sect

LOCATION:

DEPTH

Pigure 39,

(FEET)

w
<
ot

g fins sedimsry

ng

i

1y

T

sediments ove



~109=

A gimilar conclusion is indtated by the presence of freshwater shells

in the fine sand beneath the ridge at Taumutu. A sample of these shells
(893/500) was sent to the Geological Survey, Lower Hutt, for Carbon 14
dating, Results were not available at the time of writing and con-
clusions from the age of the shells cannot be drawn, The shells were
identified, by lr. P, Maxwell of the Geology Department, as the fresh-

water mollusc Hyridells menziesi. This mollusc inhabits creeks, rivers,

ponds, and lakes to depths of 100 ft in the South Island, (Suter, 191%;

Stout in Knox, 1969), and suggests a freshwater environment in the area.

Doubt has been expressed that the shells have been deposited in situ

because Hyridella menziesi does not inhabit the present brackish water

of the Lake. Stout (1970g pers. comm), says that there is no record of
these molluscs in the rivers flowing into the Lake at present,. The
shells,were, however, well preserved and a significant portion of shells
had both valves present and were infilled with silt. If they had been
introduced to the site of deposition from outside, it is most unlikely
that they have been moved far, This is suggested by the number of shells
present in the 1ayer and their preservation, Also, the fine sand above
and below the shells indicates that the environment of deposition has

been constant, Shells are restricted to this layer and possibly a very

poorly preserved layer at a depth of 5 ft,

Vhether the freshwater mollusc has been deposited in situ or has heen
introduced into the ares, the shells and sediment suggest quiét conditions

o
(33

in the environment of deposition at a level of +7 ft, and freshwater
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conditions nearby. The depcsition of these shells in a marine

environment is thus discounted, It is concluded from the presence

of Hyridells menzgiesgi in the fine sediment, and the nature of the
sediment in the ridge and beneath it, that these ridges were formed

in & lacusitrine environment.

The plan-form of the ridge-axes confirms this lakeshore origin, The
orientation of the ridges at Toumutu (Fig 7, inside back oover), plus the
change of orientation through the ridge séquence there, suggest a shore-
line movement towasrds a more equilibrium plan-shape facing the northesst
across the Lake, This direction approximates the maximum Effective

Fetch on the present Lake.

B

Peat, located beneath the shingle ridge at the drain exposure on Lower

Lake Road, does not allow definite conclusions about this area's devnositb-
ional environment to be drawn. I'ig 40 shows the stratigraphic relations

of the peat and overlying ridge sediments, A study of the peat was carried
out by Drs, Molloy and Moar (1970, Ners. comm,) and the results of the

analyses are described in Appendix X, Kahikatea (Podocarvus dacrvdioides)

and matai (g, Snicatug) are the important conifers present in the nollen
analysiss Wood fragments of matai confirm its local presence. Manuka

(Leptospermun scoperium) dominated the pollen count. Tree species indicate

& possible floodplain or impeded drainage situation, but do not confirm a
lakeshore environment. However, the sediments beneath the pedt and those

interbedded with the overlying ridges suggest i%.
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gure 40.

Peat with wood present underlies shingle from the
Teumutu Ridges in a drain exposure. Vertical extent
of section is 3.5 ft. Particles in the ridge sediment

are up to medium pebble sizes,
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Various lines of evidence in this area suggest that a lacustrine

Tormation for these ridges is highly likely. Theoretical derivations
of lake~formed wave heights reaching this location, and deductions ahout
former lakelevels, indicate the ability of lakewaves to form these
ridges, Theoretical heights of waves approaching Taumutu were cale
culated for the 1951 wind data and are shown in Table 8. Wave heights
up to 2 £t were calculated for the northeastern direction; such waves

are capable of moving all particles present in these ridges, Lake=

levels from 412 to +15 %t would reach the base of most ridges. Thus,

formaetion by waves from a lake is conceivable, In the absence of any
definite evidence supporting a msrine formation these ridges are cone

cluded as being lakeformed.

ﬁ LAKKSIDE RIDGES,

Northwards of the Taumutu Ridges the Lakeside Ridges extend irregularly |
Tor 8 miles in a northeasterly direction. They are different to all

other ridges studied, both in surface-form and in sediment-character, -
These deposits have an unevenly undulating, hummocky forwm; definite ridges
are not present, although there is an irregular trend towards a lower level

on the lakeward side of the ridge area, The horizontal extent of the

area is likewise irreguler,

North of Timberyard Pt the ridges extend in a straight line north of
northeast, Between Timberyard Pt and Lakeside four shingle tongues,

with axes pointing to the northeast, projeqt into the Lake, The southern
group of two projections appear in Fig 41,  The Tesumutu Ridges are

indicated on the left of this figure, betweenithe projections and the




Table 8, Theoretical Wave Heights calculated for the Taumutu,

Lakeside, and Lower Ridges from 1951 wind velocity data

limited by a 10 ft water-depth.

Eff Fetch Velocity  Duration Wave Ht Duration of max

(mph) (hours) (feet) dimens. waves,
(hours)

Taumutu Ridges "

040° (9.3 mi) 18+ 5 1,9 3,20
20+ 14 2.0 14,00

0700 (8.0 mi) no significant records.

Lakeside Ridges

100° (8.3 mi) 20 - 28 9 2.0+ 7,00
30 2,6 6020+
27 2 2.4 2,00
20+ 24 2.6+ 22,20+
20 8 2.0 8.00

130° (8.6 mi) 18 - 20 1.9 3,00

' 20 2.0 5,00

Lower Ridge

195° (6.4 mi) 20+ 4 2,0 2,20

’ B30+ 11 2.6 9,20

40+ 2.0 350
50+ 2.6 5.00
25+ 13 243 1%.00
30+ 34 2.6 33,00

225° (7.8 mi) 30+ 23 2.6 21,20
20+ 5 2,0 5,00




Figure 41,

Two projections into the Lake near Lakesgide,

View southwest with Taumutu ridge sequence south

(arrow) towards the sea,-

i
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presen% coast, These projections were suggested by Suggate to

be marine-formed spits,. The orientation and plan-form of these

. features is the main evidence for marine shorelines in this area at a

sealevel near that of the present. While this evidence is difficult

to refute, a study of bedding and some sediment characteristics indice
ates that wave-formed features in the area could he ascribed to forma=

tion on lakeghores,

Exposures through the Lskeside Ridges show differences in bedding and
sediments between these ridges and those on the Barrier. 4L section
through the ridges in a drain south of Dickies Road, shown in Fig 42,
exhibits the main characteristics of‘the bedding in the Lakeside Ridges,
The beddiné, when present, is subhorizontal and relates to major differ~
ences in particle size between layers, In this section sediments in
the layers sre either of medium sand, possibly with scattered pebbles,
or of pebbles, often with a medium sand matrixz. Such bedding differs
markedly to that noted in-the marine sediments in Devils Knob Pit which,
when present, dips seawards at angles up to BO, Purthermore, successive
layers in the Barrier Ridges do not contrast as much in sediment sizes.

that are present,.

In addition to the differences in bedding with the marine sediments,

this area exhibits considerable differences in some sediment characteristics.

As was noted in an earlier section, the roundness snd form properties of
sediments exposed in sections of the Lakeside Ridges appear different to
those of the sediments from the Barrier, and Beach, Sediments from the

Lakeside Ridges are predominantly 'rounded' while those from the other
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areas are predominantly 'well rounded', Pig 9 shows that the 4
samples from the lLakeside Ridges show a consistently lower proportion
of flatter particles (S/L ratio 1is lower) than those samples from the
Barrier and Beachrbut show similar proportions to the 3 River samples,
A study of Table 2 indicates two things, Firstly, the differences and
similarities of Fig 9 become more apparent with the mean S/L ratios,

The lLakeside Ridge and Selwyn River samples have values near 0,50 while

samples from the Beach and Barrier have mean S/L ratios around 0.40,
Secondly, there is a similarity in mean psi values between Lakeside Ridges
and River samvles (means near 0,68 psi) and between Beach and Barrier samp-

les . (means near 0.60 psi).

This difference between Barrier and river samples possibly reflects

selective sorting on the cocast on the sediments available to the beach

from river and cliff. (It is conceivable that the initial cliff or
river sediment was similar in form and sphericity - properties to these

L river samples,) In the section discussing the present beach it was

Vsuggested that a selective process has led to proportionately more of
the flatter particles present of the beaches, This was explained as

being related to the greater stability of the larger, flatter pebbles.

The similarity between the Lakeside Ridge and River samples in mean psi
values, and in proportions of flatter particles, suggests that very
little, of any, sorting action by waves has acted on these sediments,

Unfortunately, no statistical significance can be given to these differ=

ences because of the limited number of samples from the various environ=

mentse
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The differences in bedding and sediment shape characteristics between
Lakeside Ridge deposits and established marine sediménts on the present
coast suggest that these deposits are not marine formed, but were instead
formed on a lakeshore, The hummocky surface=form of the ridges and the
proximity to river sediments in the present lakeside situation, add
assurance to these conclusions. The hypothesised mode of formation

is that river sediments have been partly reworked by lakewaves on a
lakeshore. Cobble to granule sizes are present close to the mouths

of rivers and indicate river sources, Also, fluvial action is evident
landwards of the ridges, becoming interrupted by the ridges; during high
flows sediment wag concelvable moved ontoc the lakeshore where waves could
subsequently act upon it, Table 7 indicates that waves of considerable
size could approach this shore from the Lake, A study of wellholes

supports this hypothesised formation 6f these ridges.

WELLEOLE RECORDS,

Five wellholes were important.to this aspedt of the study, giving
additional information abouf the sequence of events within the south=
western lakemarginal area. The locations and sequences of these well=
holes aréishowa on Fig 43 A and Fig 43 B, respectively., These wellholes
indicate a change from alluvial gravels in the north of the area (593/195)

to sediments from a variety of environments towards Taumutu (S93/i59)®

Well 393/195 shows an.unbroken sequence of alluvial gravél and sand to
=155 ft from within the Lakeside Ridges area, The Lakeside Ridges in,
and north of, this area appear to be alluvium-+of the Springston'fofmation

which has been modified by lakewaves. Landwards of the ridge area, north
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of 89%/195 the fan surface confirms this, rising steadily away from

the Lake.

In well 893/163 the Lakeside ridge is recorded as medium gravel and

very fine blue sénd to =13 ft. This description of gravel and sand is
very similar to that in the section at Dickies Road. At Timberyard Pt
the Lakegside Ridges thus appear to be related to river gravels deposited
over estuarine and lacustrine sediments in an area east of the dipping

fan-surfaces,

Southwards towards the Taumutu Ridges sand, clay, and pug is present

over alluvial gravels (S93/162 and S93/161) which are at a similar level
to the northern ridges., The alluvial origin is suggested by the brown
colour in $93/162, The four projections into the Lake could possibly be
desposits relating to rivers extending their beds in delta fashion, lake-
wards over lskesediment. The present undulating surface-form does

5

support this hypothesis, but action by lskewaves could have modified any
former surface, The particles forming these features are cobble‘sizes,
however, and lakewaves calculated for the Lakeside Ridges would have a
limited effect on them.

South of the shingle projeciions blue pug, beneath the 3 £t of shingle in
the Taumutu Ridges (893/159) suggests only lacustrine and estuarine cone

ditions, Fluvial action did not reach this distance into the Lake,

The sediments forming the Taumutu Ridges were probably drifted southwards

along a lakeshore from the river or lake gravels further north, Selective
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sorting of the smaller and more easily eroded particlés: would give

rise to the significant difference in.sediments between the two ridge
areas, Two feactors support this suggestion. Pirstly, waves of the
dimensions calculated for Taumutu could move pebbles and smaller sizes

in the area between Lekeside and Taumutu. Secondly, the changing
orientation of the ridge-axes at Taumutu,with the fulcrum at the northern
end of the ridge series (Fig 7, inside back cover), suggests sediment

movement from northwards,.

The study of wellholes indicates that the Lakeside Ridges can be

explained in terms of a lacustrine origin. = A hypothesis of marine
formation,. suggested by the gpif-forms south of Timberyard Pt, introduces
problems in the sediments and surface-forms that cannot be adequately
resolved. Sediments are significantly different tc those on the Barrier
and Beach, both in bedding and some sediment properties. - The surface-
form is markedly different to that seen in areas subjected to this coast's
high energy wave en#ironment. It is therefore concluded that these
ridges were formed by waves from the lake, Evidence of former marine

shorelines is not present in the landforms of this area.

Summary .
The inner ridges on the Barrier and the western lakemarginé have been
formed in lakeshore situations by waves on a higher lake, Bvidence of
this formation for the inner ridges on the Kaitorete Barrier is present
in the bedding, in overwash features, in the level and position of the

ridges, and in the stratigraphic relations of the ridges in Birdlings
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Valley. The Taumutu Ridges? lecustrine origin ig& suggested by the

sediment in and beneath the ridges, the presence of Hyridella menziesi

beneath the>ridges? and the axial trends of the ridges. A formation
by lakewaves is concluded for the Lakeside Ridgesvbecause of the

minor amount of modifiqation that the original fluvial sediments have
undergone, the difference in bedding between this area and the Barrier
Ridges, and the location near the lakeshore, The continuity of the
ridge=surface with the Taumutu Ridges suggested the source for the
sediments in the Taumutu Ridges to have been the Lakeside Ridge area to
the north., Deposits related to a marine shoreline would have been of

quite a different nature to those found in the western lakemarginal area,

The ability of former lakelevels to reach the levels necessary to

form these ridges was demonstrated from historical evidence and frbm
levels necessary to bresk over the present barrier beach across the out=
let of Lake Ellesmere. Theoretical wave heights and periods were cale
culated from vrediction diagrams, and restrictions to these parameters
were imposed for shallow-water conditions, for waves of these parameters

it was demonstrated that pebbles and smaller sizes could be transported.

The formation of these features by lakewaves means that no marine lande
forms in the Bllesmere area related to recent high sealevels have yet

beenvdiscussedo This tends to confirm thé conclusion, arriyed at in a
previous section, that the sea was excluded from the Hllesmere area at a

level significantly below that of the present level, However, conclusions

" about the absence of marine shoreline evidence in the region have neglected
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the abrasional evidence present on the spurs of the Peninsuta.

very important consideration will now be discussed,

This

N
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MARINE ABRASIONAL LANDFORMS.

General

Relic shore platforms, occasionally backed by cliffs, and seastacks

occur near the spur-ends of the Peninsula for 12 miles west of the
present cliffed séurs at Poranui Pt. These landforms are absent at
Taitapu although a seastack is present 5 nmiles northward of Taitapu,

near Halswell. The presence of shore platforms at levels between +6

and +25 ft raises questions about recent sealevels and shorelines in the
BEllesmere area, It ig necessary to ask if a postgleacial seslevel at a
level, considerably higher than the present, formed the platforms and
cliffs, The pogsition of the abrasional features at Birdlings Flat,
landwards of the Barrier, clearly indicates the earlier formation of
these cliffs and shore platforms. Thus, formation on a postglacial seam
level higher than the present, would contradict the sequence of events
derived from a study of the landforms on the Barrier and lakemargins, g
In the sequence that has been developed marine shorelines are suggested ' }
to have left the Ellesmere area with the formation of the Barrier when

the sealevel was lower than =10 ft.

This section will briefly review the evidence for concluding a marine
origin for these hardrock features, This will be followed by an evalua-
tion of the age of the period of cliffing and platform cutting: whether

it is recent or preglacial.
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Marine Formation.

The formation of these features by coastal processes has been recog=

nised by all previous writers., Cliffs fronted by rounded boulders

suggest a cliff develooment relsted to wave attack and subaerial weathering

at some earlier time. Subhorizontal hardrock surfaces, dipping sea-
wards from spur-ends, call for the development of platforms by marine
processes, Two such platforms are indicated in Figures 44 and 45,
They show irregular, rough surfaces which decrease in level by between
10 and 20 ft, over distances up fto 50 yards from junctions with the
loess, The character of the surface, and the presence or absence of

boulders, is related to the nature of the volcanic strata: its ine

duration and its joint system.

Upstanding rock-masses at some distance from spur-eands are present at

Ahuriri, Motukarara, Kaituna, and Birdlings Flat, and are most easily

s

exnlained as seaformad stecks, e Ehuriri Stack shows evidence indicating

development at sealevels similar to that forming the shore platforms:

it is connected at the surface to the spur and it appears to have a minor
platform at the western end. Other stacks may have formed at lower seag-
levels,

N

The conformity between the trend of the ends of the spurs from Motukarara
to Birdlings Flat and that of the present coastal spur-ends gives further
support for the marine origin. The cliff at Devils ¥nob is in line with

those of the cosst and is of similar height.  The relic ¢liffs decresase

in height westwards from Devils Knob and spur-ends are generally subdued




Figure 44, Shore platform west of Kaituna, Note the very

rough surface with boulders present in places,

The platform is backed by loess, apparently overlying it,
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Figure 45, Shore platform

- 0

eawards,

front of house, and apperently continuing beneath

the loess (dashed line), View east.




by Ahuriri, The definite marine origin of these features indicates

[0}

a shoreline adjacent to the spur-ends, at a sealevel between 410 and

+15 £t, prior to the presence of the Barrier,

Age of Formation.
Speight (1930) related the formation of these landforms to a period
of nigh sealevel following the presence of the Barrier, Thompsén (1964)
wrote that height correlations with the Princess Anne sealevel suggest
an age of 85,000 to 90,000 years B.P. for their formation, while Suggste
(1968) and Burrows (1969) concluded the formation to be during a post-
glacial sealevel higher than present. The latter two writers placed
the age of cliffing and platform formation within the last 5,000 yeafso
It is neceséary to know whether the shore platforms are pre- or post-
glacial in age, to test fthe conclusions already reached in this investe

igation,

The relationship between the loess and the shore platforms is crucial to
an estimation of the period of formation of these features, Speight
Ll908) wrote that loess overlies the shore platforms. Figure 45 shows
that the platform, exposed in front of the house, continues beneath the
loess (dashed line),. The continuation is partly obscured by claywash
but vertical cracks in the loess stop at the basalt-loess contact,
Horlzontsl bedding is présent in the loess covering the platform and
concretions are present in some layers; these two features indicate
that the loess forwms a primary depoéit,and éossibilities of redeposition

over the platform from higher on the spur can be ignored,
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The basalt-loess contact is more noticeable in Fig 46, but any bedding

in the loess is obscured by vegetation and surface modifications. There
is also uncertainty in other instances where basalt platforms appear to
underlie the loess because of the lack of clear exposures of the loess,
and the possibility arises that reworking of primary loeés deposits may

have lead to deposition over platforms.

Mr, J.,K. Hill of the Geology Department, University of Canterbufy,

(1970, pers., comm.) has carried out transects on subsurface basalt on

a spur north of Motukarara, located at Grid Reference 584/946339@ Results
indicate that a basalt surface, conformable with the platform exposed at
the outer edges of the spur, is present beneath the loess, The basalt
surface slo?es upwards beneath thicknesses of loess (up to 70 £t thick)
away from the end of the spur until, several hundred yards from the spur-
end, it slopes steeply tovards the surface. The form of the basalt
surface suggests that the platform in this location continues beneath

the loess to a former cliff, also buried by loess, Exposures of the
loess covering the platform at the oufer margins of this spur indicate

that the loess forms a primary deposit.,

AGE OF LOESS,

The stratigraphic relations of loess and shore platforms suggest, in
several instances, that the formation of the platforms predates the
deposition of the loess, The age of loess.deposition allows an estimation

of the relative age of the shore platform cutting in this situation. The




Pigure 46,

Platform extends beneath the loess east of Mclueens
Valleye. Surface alteration and vegetation prevent

the ascertaining of the presence of bedding.
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generally accepted hypothesis of loess accumulation on Banks Peninsula
and the Hast Coast of the South Islend is by wind transport of silt and
clay sizes from glacial outwash. Raeside (1964) adds that loess may
have been derived from fine sediment -on the continental shelf during
sealevelrrecessions in recent glacial periods, Loess has thus been

related broadly to glaciations,

Sequences of at least 6 loess layers in localities in South Canterbury
and North Otago have been tentatively related to the Otiran (upper 3
layers) and Waimaungan (Lower 3 layers) Glaciations of Gage (1961).
(Suggate's (Suggate, 1965) revision divides these two glaciations into | E
three glaciations), At least 4 beds are present on BanksrPeninsula
exposuress‘ In the bedded exposures over the shore platform there

appear to be four or more beds. Thus, the lower loess could possibly

be older then the Otiran Glaciation,

FProm the relatiohship of the loess overlying the platform, it appears
that the platforms have been formed during some preglacial high sea=
level prior to their burial by loess., The sequence of shorelinessy

derived from studying landforms on the Barrier, is therefore accepted

because there is no definite evidence of shorelines within the Ellesmere

ares near the present level,
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E%?sure of Platforms and Cliffs,

Former postglacial shorelines would have been at levels that were too
low to have exerted much influence on the exposure of the platforms,
Other evidence suggests that the sealevel was between =20 and =10 £t
when shorelines were excluded from this area, The present partially
or wholly exposed shore platform and cliff situations are suggested to

have taken place, along a lakeshore,

Lakelevels of +15 ft would bring the lake-edge to the base, or partway
up, the present exposed portions of the shore platforms, Waves of
considerable height could have developed on the Leke before sedimentation
infilled the area lakewards of the platforms, This area faces into the
southwest across a considerable stretch of water, and the strongest

winds with the greatest frequency and duretion occur from this direction,

at the present time,

Theoretical wave heights calculated for locations adjacent to the spure
ends confirm that waves, large enough to erode loess, could have developed.
on an earlier lake, Wave heights that were calculated for the Lower
Ridges are shown on Table 8 to be up to 3,0 ft. The Bffective Fetch

for this location is similar to those of the more westerly spur-ends,
Spurs towards the eastern end of the liake would have experignced waves
similar to those of the Railway Cutting Ridges (Table 7). Caioulations
for these ridges also showed theoretical wave heights up to 3 ft. Higher
lakelevels and the>waves produced on such.a lake could account for all of
the cliff and platform exposure in the area between Ahuriri and Birdlings

Valley.
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Some confirmation of this hypothesis of exnosure by lakewaves is
provided by the significant proportion of silt sizes in the lakem
sediment samples in Gebbies Valley. The silt sizes in these samples
form a marked 'fine tail! ﬁhich comprises up to 20% of the sample
weight, Silft~sized particles form the dominant proportion of the
Banks Peninsula loess, The significant tail to an otherwise normal
curve is interpreted as being derived from the erosion of loess by

waves, as well as by running water, in this area,

Such an explanation is supported bybthe presence of ¢liffs in the loess
in two valleys west of Kaituna. Figure 47 indicates that two scarps
are present on opposite sides of one valley; the westernmost scarp is
within 150 yards of a shore platform and cliff. The cliffed loess
demonstrates the action whereby lekewaves progressively cut back the
loess, exposing whatever hardrock features are buried beneath. Leess
cliffing in this éituation also confirms that platform cutting is not a
recent action in this area: it is unlikely thet a recent high energy
seacoast environment would have cut a harderock cliff and platform while

only cliffing loess which is this short distance landwards,
The suggested relative sequence of events relating to these landforms
on the spur-ends of Banks Peninsula are as follows:

l. Cutting of the shore platforms, cliffs, and stacks with sea=

level at the level of the platforms.

2. Deposition of Loess when shorelines were absent from this area,




Figure 47,

Cliffing (partially obscured) in loess adjacent to
seacliffs on the left foreground, Arrows indicate

the cliffs, View east, west of Kaituna.




Several periods of loess—deposition occurred, involving

burial of the relic platforms and cliffs on the spur ends,

AN
°

Bxposure of the platforms and cliffs by lakevwaves trimming

back the loess during the presence of the Lake,

Sumnary.

Marine abrasional features are present towards the end of spurs between
Poranui Pt and Taitapu. They may extend further north to Halswell,

Bvidence of their formation is present in the landforms, their surficial

features, and their situation adjacent fto present coastal cliffs on the
southwest side of the Peninsula. From the stratigraphic relations of

the loess dverlyinw shoreplatforms it is concluded that the period of

cliffing and platform formation is pre-glacial, but no estimation of

the age of such an action is made. Lakewaves with former high:-lakelevels

appear to have been capable of exvosing the platforms and cliffs to their
bp I I T

present extent, This means that there is no real evidence of recent

shores within the area at levels close to present sealevel, This

evidence tends to confirm earlier conclusions about the formation of the

Barrier at a lower sealevel towards the end of the post-glacial sealevel C

rise,

From the evaluation of shoreline evidence in different parts of the
Kaitorete Barrier and lakemarginal areas a sequence of recent shorelines

has become increasingly apparent, The sequences of Hooked Ridges and




Barrier Ridges indicate the action of shoreline rectification over

the last 7,000 years; there is evidence of early spit development
followed by progradation and, on the western barrier, retrogradation.
Other ridge groups on the inner Barrier and western lakemargins confirm
the exclusion of shorelines from Ellesmere at a sealevel lower than the
present, and the relic shore platforms do not contradict these cone
clusions, The following section will summarise these important coast—
line changes in the Northern Canterbury Bight. It will attempt to

place them within the broader sequence of shoreline changes in this area,

consequent with the postglacial rise in sealevel,
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RECENT MARTNE AND LACUSTRINE SHORELINES.

Genersl

Recent marine shoreline changes that occurred with the postglacial .
rise in sealevel during the last 15,000 years will be described and
discussed in this section. This will involve a general consideration
of sﬁorelines prior to the development of the Spit, when landward move-
ments of the shore were most important. The only direct evidence for
these early shorelines is from wellholes in Ellesmere, but indirect
evidence is introduced to allow some generalised conclusions of these
early shorelines to be derived, Marine shorelines will bhe described
with greater certainty following the presence of the Spit, Sequences
of shoreline changes in parts of the Lake demonstrate similar changes

to those that have occurred on a larger scale on the coast,

The following discussion assumes that, in absolute terms, the level of
the land has been éonstant for the last 15,000 years. Changes of the
;andwsea relationships indicated in the Kaitorete Barrier are ascribed

to changes in sealevel, Events prior to 7,000 years B.P. are placed in
g broad time-scale by relating the sealevel tc Curray's postglacial seg-
level curve (Curray9 1965). Hvents between 7,000 yesrs and 6,000 years
B.P. are approximately dated with reference to Suggate's sealevel curve
for the Christchurch area (Suggate, 1968), Thus, any absolute changes
6f the land~level in the study area, if present, will not influence the

dates of events in this time=period,
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Postglacial Shorelines Preceeding the Spit.

Tentative positions of early shorelines are illustrated in Fig 48,

Five successive shorelines are indicated hetween 16,000 and 7,500
,years'B.Pa__ They exhibit the dominant aspect of coastal changes

during this period: the rapid landward movement of shorelines related
to the postglacial rise in sealevel, Such a movement meant that shores
were moving landwards with little longshore adjustment taking place.
This figure suggests that shorelines in Northern Canterbury Bight moved
landwards by 25 miles in 8,500 years, The 16,000 and 13,000 years B.P.
shorelines relate to present submarine contours while later shorelines
are derived from submarine contours, extended fan=surfaces, and sub=

surfece informatiorn in the Ellesmere area,

15,000 TO 10,000 Y=ARS B.P.
The shoreline at a sealevel of =300 ft (16,000 years BQP,) is suggested
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roximately 30 miles seawards of the present co
position is related to the level of the present submarine surface, but

is pleced several miles landwards fto coupensate for the effects of

subsequent deposition, Deposition is suggested to have bheen minor in

he vicinity of the 200 t¢ 300 ft submarine contours because they maintain

simllar distance-to-sghore relationships around Banks Peninsula, a minor

-+

sediment source, a8 north and south of it,

The shorelines for sealevels at -200 ft (13,000 years B.P.) and ~100 ft
(10,000 years B.P.) are likewiss placed landwards of, and parallel to,
their egquivalent submarine contours, Towards Banks Peninsula the

shollower contours, including the 120 £t contour, exhibit responses to

° This
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Figure 48, shorelinss betweern 16,000 and 7,500 vears
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oresent sedimentation conditions, indicating recent deposition to have
been active. Shorelines related to these shallower levels were thusg
probably considerable distances landwards here. The =100 £t (10,000

vears B.P.) shoreline ig extended parallel to its trend nsar Rekaia and

indicates a shoreline meeting the Peninsula at Poranui Pt.

Hothing is known of the character of early shorelines bubt certain
deductions can be made as to their possible nature, The rapid sea-

level risé during this period would have causged quick landwards movement

of the shoreline, It is suggested that the sediments were composed
mainly of sand sizes and the character of the beach and nearshore zZones

was that of a sand beach, This.is conciuded from seaward extensions of
fan surfeces on the Canterbury Plainss Fig 49 illustrates that the most
gently dipping surface, that of the Svnringston fé?mation? dips towards a
level of =300 ft 12 miles from the coast near Rakaia.,  Sediments deposited
by rivers on the lower angle surface seawards of fan surfaces are suggested
to have been sand sizes and finer sizes. Until shorelines intersected

the fan surface, beaches in the Northern Canterbury Bight are thus

suggested to be sand beaches, markedly different in character to those

of the present coast,

10,000 TO 8,000 YEARS B.F.
Between 10,000 and 8,000 years B.P. shorelines near Rakaia would have
intersected the alluvial fan surface about 6 miles seawards of the present

heach, This would have meant a change in the nature of the beach from a

sand heach to a nmixed sand=shingle beach similar to the present, The
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curve of the fan surface, illustrated on Fig 49, indicates that
transgressing shorelines further north did not intersect the fan

&

surface until later, It is suggested that the rapid rise in sealevel
during this time resulted in little northward sediment movement; with
rapid landwards movement of the shore, cliffing would have been restricted
and the sediment volumes available for littoral drift would consequently
have been small, The beach system may have appeared like that between
Taumutu and Rakaia at present. This situation is demonstrated in Fig 50
where cut on the foreshofe and depoéition of beach sediment on the backe

shore in high energy conditions, occurs as the whole system moves land-

wards.

Shorelines in the Ellesmere area following 10,000 years B.P., are uncertain,

but some indication is given by & sequence of wellholes between Greenpark
and Ldincoln, This sequence 1s illustrated in Fig 51 B, and their

locations are shown in Fig 51 A, The sequence indicates dominantly

silt and sand sizes over gravels, Two Carbon 14 dates which place this
sequence within time~limits are described in Appendix X1, The date
'9,400 x 120 years B.P. for wood in a possible estuarine situstion probably
indicates sealevel at the time (Suggate, 1968). A similar date from
Lincoln, 3 ft below the surface (8,895 T 130 years B,P.) indicates the
age of the Springston surface there, The surface at about 9,000 years
B.P. was thus +20 ft near Lincoln and =70‘ft near Greenpark, The shingle
layer which is at the base of the fine sediment at successively lower

levels towards Greenpark possibly relates to this surface, Suggatels

interpretation of environments at well 883/212 suggested shorélines to
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the north and west following 9,000 years B.P. The fine sediments

at the surface in these wells relate to lacustrine deposition but
beneath this, they probably reflect estuarine or offshore conditions.

The stability of shoreline positions in the restricted Ellesmere area
would depend on the rate of sealevel rise and the amount of sediment
entering the aresa. Ranid sealevel rise is suggested by the sealevel
curve until =25 £+t (7,QOO years BBP,). The sediment amounts entering
the area are unknown, Sediment inputs from rivers are uncertain; the
Rakaia River may have flowed into the area in addition to the Selwyn
River, but the Waimakariri River's contribution has been minor,. The
small input of the Waimakariri is suggested by the surface date of the
Springston formation at Lincoln. The amount of longshore input from
the rapidly migrating coast to fthe south is suggested to have been small,
The rapld sealevel rise, combined with the probably small addition of
sediment to this resitricted area, sugsgest that shorelines in this area
moved landwards during this time, The shorelines following the =70 £+
shoreline are thus, suggested to have been initially landwards of Greenpark.

Je

This is illustrated on Fig 48 by the -50 ft shoreline (7,500 years B.P.)

- SLOWING SHALEVEL RISE AWD COASTAL RECTIFICATION,

The slowing rate of sealgvel rise following 8,000 years B.P. brought

about important changes iﬁ the direction of shoreline movements which
culminated eventually in the development of.the Spit. These changes are
shown on Fig 52, The differing positions of the two shorelines indicate
that longshore coastal asdjustment to the wave regime became more important

&s the rate of sealevel rise slowed.. Transgressive coastal movements
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B.P. prior to the development of ths S»nit,
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changed to shoreline movementsg attempting to attain a better balance

in wave energy along the whole coast, Erosion and cliffing proceeded
south of the Rakeia River on a coastline which was and still is, %oo

flat for equilibriumboonditionss Increases in littoral drift probably
resulted in progradation north of Rakaia in the indented area between the
fans and the Peninsula, This led to the seaward movement of the 7,000

years B.P., shoreline in Fig 52,

If events did happen this way the coast built out’towards the Peninsula
near Teumutu, leaving lagoonal areas landwards, The Spit would sube
sequently have developed from the projecting shore and continued the
trend towards Banks Peninsula., The main evidence supporting such a
series of events is the plan-form of the Barrier itself. The shorsline
indicated by the Barrier's inner margins, west of the Hooked Ridges, is
geavards of the fan surface near Taumutu (Fig 53 (+>). ‘-The Spit appears
to have formed at an angle to the former coast across an inlet, Steers

(1964) notes the tendency for some spits to form at right angles to the

main direction of wave approach. This appears to be the situation here,
hecause the wmain directions of wave approach are the south and southesast;
waves from more northerly directions approach the area only after con-
siderable refraction arcund Banks Peninsula,

Later Shorelines,
KATITORETE SPIT,

The Spit developed on a slackening sealevel rise 7,000 to 6,000 years

B.P. The wave regime in Northern Canterbury Bight resulted in a net

(+> This figure is also present in an earlier section (Figure 259)




northeastward movement of sediment to, and along, the seaward msrgins
of the Spit, Deposition occurred at the eastern end, related to the
decreased transporting capacity of the waves refracting around the

detached end of the Spit. Continued deposition at this end, demonstrated

&

by the sequence of hooked shingle ridges near Banks Peninsula, resulted
in the Spit's eastward extension and eventual linking with the Peninsula,
The.continuing sealevel rise during this period is pbssibly indiceated by
the eastwards increase in level of the hook-axes. The joining of the
Spit with the Peninsula was significant for subsequent development of
Ellesmere, It removed the shofeline from the Ellesmere area, formed a

leke in the depression landwards, and allowed for later shorenormal pro=

KAITORETE BARRIER,

Following the formation of the Darrier the coastline between Taumutu
and Poranui Pt prograded in attempts to form anequilibrium planforn with
the adjacent coastal area. This shorenormal progradation has.proceeded

over the whole Barrier with beach ridges marking positions and trends of

successive snorelines, FPigure 5% shows five successive shorelines during ;
the development of the Barrier and the coast to the west, The earliest
shoreline (position 5) is the shore at the time of the Spit's linking

with the Peninsula, and shoreline 1 marks the present beach, f
2 £

At the eastern end of the Barrier the coastline .prograded from a position
adjacent to Birdlings Valley to a position level with Devils Knob (shore—
line 5b in Fig 53.) The coast apparently stabilised its position here

while progradation cccurred in Birdlings Flat by material that was drifted




around the base of Devils Knob and along the northern valley wall,
Beach ridges were added in Birdlings PFlat while the coast to the west
remained stable, This occurred until the ridge sequence in Birdlings

Plat was level with the rest of the shore,

Sealevel was still rising during this period and is represented by the
increase in ridge levels on Birdlings Flat, It is also shown in the
increase in level from the inner Railway Cutting Ridges to tﬁe Barrier
Ridges on Profile 1B (Fig 30). This abrupt level increase suggests
that the sediment landwards of this Barrier Ridge was deposited at a
congiderably lower sealevel with the sudden increase in level‘resultiﬂg

from the constant shore position during the subsequent sealevel increase,

When the shore in Birdlings Flat was at & position level with that to the ‘

west, progradation continued along the whole Barrier again, The similarity
in levels between ridges in this position and those for the rest of the
Barrier suggests that sealevel had reached a position similar to the

present level. According to Suggate's curve of sealevel tise the vresent

level was reached 5,000 years ago; this suggests an age of 5,000 years

B.P. for a shoreline in this position (Shoreline 4 in Fig 53).

While coastal progradation proceeded along the Barrier, coastal retro=

gradation continued southwest of the Barrier, This action is demonstrated

<

by the landwards position of later shorelines in the west in Fig 53.

This recession gradually brought & northeastern movement of the fulcrum
for the Barrier's develovpment, which eventually caused a change from

progradation to recession for the western portion of the Barrier,
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Progradation has continued in the east, probably at a slowing rate
tovards the present. Shorelines have thus steadily moved seawards

in the east, but in the west they have crossed and trimmed back formex
shorelines as the coast further west moved landwards. The retreat of
the western Barrier shore has contributed to much of the present westerly

decrease in Barrier width.

Dune.development on Kaitorete Barrier,

Dune formation wag limited to the western 5 miles of the Kaitorete
Barrier for most of its development. The dune formation contributed

to a longshore loss in the sand reserves of the beach system, which
prevented dunes forming further east. It was only late in the Barrier's_
development that erosion of sand from dunes and sediments on the western
Barrier, and immediately west of it, led to sand reserves on the beach
sufficient to allow dunes to form along most of the Barrier coast,. Dune
decay has recently been active along much of the Barrier; for much of
the middle portion vegetated dunes are present up to 500 yards landwards
of dune-blowouts, while at the western end dune decay has been accentuated
by wave=trimming of their seaward margins, Biowouts and parabolic dunes

are both present in this western sector,.

Recent Progradation,
Uncertainty about sealevels during the last 5,000 years prevents estime
ation of the ages of later shoreline positions, By extrapolating from

the rate of progradation at Birdlings Flat between 6,000 and 5,000 years




B.P. the present shore position would have been reached approximately
5,000 years ago. However, the slight weathering of pebbles frowm the
outer Barrier Ridges, when compared with the considerable weathering

of those from the inner Bervier Ridges, suggests that the addition of
the later ridges took place at a slower rate, Therefore, the most
recent shorelines are much younger than 3,000 years. Indeed, the small
amount of weethering modification of the most seaward pebbles, compared
with that of pebbles in the earliest ridges, suggests thet the latest
ridges were added within the last 1,000 years, Analysis of the present
beach sedinments indicates that progradation could be proceeding at the

present, but evidence is not conclusive,.

Lake Shorelines,

The lake-associsted landforms indicate the considerable influence that
the Lake has had on marginal areas since 1t was formed about 6,000vesr:
ag0. Lakeformed dges up to 425 ft are present around the Lakemargins

=

and indicate the action of lakewaves on high lekelevels, Relic shore '

)

platforms, formerlj buried beneath loess on the spurs of the Peninsula,
heve been exposed by lakewaves and further Jdemonstrate the imporfanoe

of a Tormer high Lske Ellesmere. The extensive northeastern lakemarging,
with sand ridges and dunes present, call for conziderable deposition
since the initial lakeshore positions were adjacent to the spurs. Thase
factors demonstrate

the considerably influence that a former, high

Lale hes had on the Bllesmere arsea,




On the imner Kaitorete Berrier Speight Ridge is the most prominent
lakeshore feature; 4t is a distinct feature with widely varying
characteristics for more then 8 miles aiong the Barrier,. In different
varts it deMOﬁqtrateq the considerable erosion that took place on former
lokeshores, while in other perts it indicates large amounts of deposition,
Often it is present as a significant ridge which is higher than Th@ backing
Barrief Ridges,this form = indicating the ridge's depositional nature.
Overwash features were noted in two situations of this kind, In other
locations the lakewsrd slope is below the level of the associated Barrier
Ridges and the ridge is a very ninor feature on the top of what has been
sloping lake shore, The situation here appears to be largely erosional,
Along the whole of the inner Barrier, higher than 443 lakewaves removed

evidence of early Barrier ridges.

Barly lakeshoresin the area of Bayleys Ridges formed a steep lakeward

face on the Imner Dune end Barrier Ridge margins., Subsequent shoreline
development, affected by waves from various directions, led to the complex
arrangement of ridges and depressions here, The ridges in this area
indicate the occurrence of considerable deposition, which involved

sediment movement from the east,

In contrast to Speight Ridge and Bayleys Ridges, the Railway Cutting
Ridges and those in Birdlimng Valley are completely depositional ridge
groups, Ridge sequences at the Railway Cutting Ridges show how the

lekeshore developed towards a more stable plan-shape, orientated to the
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westerly approzching waves., The innermost ridges follow the line of
the Barrier Ridges and then turn towards the cliffs, but later ridges
show a separate development, The outer ridges allowed beach drifting
into Birdlings Valley and the formation of the ridges on a fine sediment.

basement between two valley walls,

On the western lalkemergins high lakeshores allowed waves to act on

alluvial sediments, For the northern position lakeshores formed irreg-
ularly undulating shingle ridges in sediments of the fan surface. Near
Lekeside river deltas extended over lakesediments into the Lake and
resulted in the developmenﬁ of irregular projections. At Taumutu,

towards the southern margins of this group, fine sediment deposition filled
the re-entrant between the retreating beach and the alluvial fans,
Eventually ridges formed in this area by beach drifiing sediments along

a lakeshore from the fluvial ssdiments to the north, The change in
orientation of the ridges at Taumutu shows the attempts of the shore to
develop normal to the direction of significant wave approach. This ridge
development demonstrates similar actions to those which, acting on a larger
gcale, lead to the recent shoreline development in the Horthern Canterbury

Bight,

In the area northeast of Lake Ellesmere lakesediment and dunes in Gebbies
and McWueens Valleys, plus cliffed loess in two valleys west of Kaituna,
indicate initial lake shorelines to have been at the bases of the spurs.

The considerable erosive power of the lakewaves hes been demonstrated

in the rewoval of loess overlying the shore platforms and cliffs, Lakem
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coastal environment and thet little recession

take place in the forseeable future,

or progradation will




CUNCLUSION.

This study was undertaken with six sims, and it dis felt that each of
these has been achieved; eithsr wholly or in part. The first aim has
been accomplished only in part; major landforms have been described

and attempts have been made to explain their formation. Where pertinent
to the discussion, sediments have also been described. The explanation
has, however, been inconclusive in parts: the question of the full
develooment of the backshore ridge at Poranul Pt remains, and there is

uncertainty about the validity and significance of particle form changes

between the various environments,

ulfillment . of the second aim was likewise only in part. The present
directions of coastal movement were adequately assessed in the western
and central portions of the Barrier, bul uncerftainty remains for the
eastern few mileg ag to whether equilibrium or accretion is present.
istorical evidence and some resulis of sediment characteristics suggest

accretion as occurring, but uncertainty remains.,

el

The third and main aim has been achieved, & sequence of recent cosstal
changes in the Northern Canterbury Bight has been described in as much

detail as present evidence allows, The coastal changes during the last

7,000 years are well documented but those earlier are, at best, fentative.

The dating of events is less satis faotowy, be ng baged on established

o

'

oy

A fuller gysteam of wellholes around the lakemargins might give grester

-]

knowledge of early shorelines within the Ellesmere area. Also, subsurface

nostglacial sealevel varistions and not on dates related to shore positions,
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data from the offshore area might lead to the more accurate placing

of shorelines there,

The sequence of shorelines during and following spit=development allows

a greater understanding of the dynamics of this coastline, & progradate—

ional shoreline development has occurred at an earlier period than in

Pegasus Bay. Progradation appears to have been initiated on a rising

sealevel south of the Peninsula but on a stable or falling sealevel north

ng
of the Peninsula, This difference between the tﬁo areas results from
different reletionships between the fan=surfaces and Banks Peninsulas
the former southern coastline was indented adjacent to the Peninsula
because of the curvature of the fan=surfaces there. Progradation was
initiated earlier there in the sub-equilibrium situstion than further

north, Also, the differing orientations and equilibrium plan-shape

considerations on the two coasts have meant & different sequence of ghore

movenents in each area,

The fourth purpose of the study, to investigate the extent of marine

influence on the landforms around Lake Illesmere, was accomplished. It

was concluded that landforms in this area have not been affected by coastal

processes, This was indicated by the coastal development shown in the
Hooked and Barrier Ridges and confirmed by the landforms adjacent to the

Lake,

The eastwards incresse in Barrier width has been explained as resulting

from two factors, both related to the fulcrum for the Barrier's developmente
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Part of the decrease is due to the presence of the fulcrum at the
western end of the Barrier, allowing only minor progradation on the
coast there, The rest of the decrease in width can be attributed to
the northeastward movement of the fulcrum, indicating the extension of

the eroding sector onto the western Barrier,

The sixth sim was fulfilled, The effect of Lake Ellesmere on the
landforms in the surrounding area was found to be considerable, Waves
on a former, higher lake were of sufficient size to move pebble sizes and
to erode loess, Considerable volumes of sediment on the inner Barrier
were eroded and redeposited, often in large ridge groups, It was
demonstrated that waveé eroded loess on the spur-ends of the Peninsula,
exhuming relic shore-platforms and cliffs. Theoretical wave parameters
calculated for a higher lske confirmed the ability of waves of sufficilent
magnitude to form, Unfortunately, the present artificial control of the

former Lake. Preven+s ‘}'e,S‘h'r\f] of these condusions.

It is felt that this study has made a significan? contribution to the
geomorphic knowledge of one coastal area in Canterbury; it has explsained
landforms more fully between Banks Peninsulé'and Coopers Lagoon than has
already been done, The coastal changes that have occurred in the study
area have been demonstrated to be part of a long term response to the
location of this area between the alluvial fans and the Peninsula, The
situation as a coastal indentation, at the‘northern end of a shoreline on

a high energy coast, lad fto the spit-formation and the subseguent barrier-

development, The Lake has been shown to have exerted a marked influence
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on lendformg of the inner area since this time. The hitherto
neglected effects of the former Lake haVe led writers in the past

to conclude differing sequences ol events to those reached here,

It is hoped thet future investigations carrisd out in this area will
test and evaluate the conclusions reached in this study and provide

a fuller account of the sequence of recent shoreline changes in the

Ellesmere area,
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Appendix T,

Aerial Photographs used in this Study

Run Number

Photo. Numbers

1952 Aerial Survey:

2113
2114
2115
2116
2117
2118
2119

2120

3156
3157
3158
3159

3160

1966

5144
5145

Aerial Survey:

64
64
61
62
63
62
55

52

42
42
42
28

29

to

to

to

to

to

to

to

to

to

to

to

to

to

84
80
78
86
90
66
58
55

46
45
51
53
55

8 to 13

6 to 14




Appendix TT, Locéations of Profiles on Kaitorete Barrier and across

Ridges at Taumutu

Profile 1: Kaituna Inlet to McIntosh's farmhouse (894/027237—053224)q
It was surveyed from the lake-edge across Jones Rd, and the main highe

way, to the hedge in front of the farmhouse. s

Profile 1B: DNortheast gatepost of a pair of gates in the fenceline
running between the ridge-area and the main highway. Prom this point
the profile crosses the ridges to the siit behind, approx. parallel

to the fenceline., (594/048247-052241),

Profile 1C: Joins Profile 1 tc the Devils Knob Pit (894/046226m055215)9
It was surveyed from a fencepost on Profile 1 (west side of main high=
way, the second fencepost north of former telegraph~post(about 10 feet
high) across the former railway line to the Pit. The Profile has

a bend in it on the Barrier Ridges.

Profile 2: Birdlings Flat Profile, From velley at back of Birdlings
Flat (2t north end of shingle ridges near the swamp 40 feet west of
the drain), to the sea at the west end of the line of batches

(594/067228-056201) ,

Profile 3: From 30 feet west of fenceline (extending from Speight
Ridge to the lakeshore), surveyed from water's edge parallel to the
fence, the line of survey was extended in a straight line to Hapgoods

Quarry and the sea, (894/974232-973196) ,




Profile 4: Where Speight Ridge turns from east-west to north-east-
south-west back to east-west, the profile i& surveyed from lakewards
of the east end of the bend (lake;edge) across the ridge to the sea.

(894/908213-912188),

Profile 5: From the lake-edge, half way between two fencelines which
extend into the Lake (lakewards of & point 200 yards east of Bartlet
and partners' farm buildings), the profile extends across ridges to

the sea near Bayley's west boundary fence, (393/862202—863180)0

Profile 6: Profile passes from the lake-edge across the eastern end
of the westernmost major depression, and 150 to 200 yards west of a
belt of pines, to the sea via a parabolic dune's blown out middle,

(593/832196-835177) .

Profile 7T Taumutu. From the lske-edge, where a drain enters a

small inlet on the lake, across the ridges at the southeast end of a
belt of pines, and in a straight line across the field behind,

(S93/762185-753177. )

Profile 8: Across the barrier beach at the mouth of the Lake, west

of the artificial opening of the Lake., (S93/766168=767167).




Appendix III A, Locations of Hooked Ridge Transects,

Transect 'A' (west %o east) = 894/974232 approximately; on

aerial photograph 2116/80 - the two vegetation projections west
of the fenceline which trends into the lake and the one project-

ion east of it. Surface is 1.3 feet above M3L,

Transect 'B' (west to east) - S94/986236 - 983234; A. Photo.
2116/80 - the three vegetation horns west of fence running into
lake (fence of west end of former runway.,) Surface is 0.5 to

1.0 feet above MSL,

Transect 'Gf (west to east) - $94/017234 approximately; A, Photo.

2115/74 - westwards from end of vegetation horn opposite extension
of fenceline from Speight Ridge towards the Lake-edge. Surface is «.os

feet above MSL,

Transect 'D! (north to south) - 894/974232 to 974224, along Profile

11T,

Transect 'H? (north to south) = $94/017237 to 017227; it crosses

from lakewards of Transect 'C! and runs towards Speight Ridge,

AppendixIII B, Random Turning Point Statistical Technique
Technique: Cole J.P., Xing C.A.M,; 1968: Quantitative Geography.

J. Wiley & Sons 692 pp.

A series of observations are plotted as an ordered séquénoe. The
points are joined and the number of turning points are counted, A
turning point is defined as 'a point which is a peak or trough on

the graph' (pl29). At least 50 observations should be plotted,




The number of turning points in a random distribution at a 95%

confidence level is

2/5 (n~2) % (\/;_61;_:__2;9, X 1,96)
%0

where n is the number of observations.
If the number of turning points falls outside this range there is

a 95% probability that the distribution is non-randam, This

technique was applied to Transects 'BY and 'C',

Transect 'B! - n = 45 t = 13 (turning points).

For a random distribution the number of turning points at a 95%
confidence level is 28,66 b 5.45, The number of turning points
falls outside the range and therefore there is a 95% probability
that the shingle surface profile varies non-randomly., i.e. that

the surface variation has some pattern,

49 t =15

Transect 'C? n

il

+
t (random) 51.3 = 5.67.

The actual number of turning points falls outside this range. There
is therefore a 95% probability that the distribution (shinglem

surface profile) is non-random,

One of the conditions for applying the technique is not satisfied
in either transect. Both transects have less than 50 observations.
The writer feels that the number of observations in each transect is

close enough to 50 to accept the conclusions reached,




Appendix IV.

Grain Size Parameters.,

Samp, Location Mzf o Sk K
Noo. I I G
Beach Survey, March.

48 S93/70%152 1A  =2.85 2,59 0.19 0.55
49 14 -1.64 2.88 -0.61 0.49
50 1B -1.65 2.56 ~0.56 0.57
51 1D ~4.33 0.83 ~0.36 0.84
52 10 ~5.30 0,37 0,02 1,03
54 S93/756164 2A  -0.83 2,20 -0,58 1.83
55 2B ~3.19 1.51 024 0,75
56 20 0.76 0,53 -0,03% 1,01
57 2D =3,10 1.14 0.67 2,29
59 S9%/795173 3A 0,22 1.39 -0,32 1.25
60 3B -2.15 1.41 0.20 1.64
61 30 ~2,00 2,44 -0.64 0,56
62 3D ~1,24 1,36 -0.5% 1,03
64 S93/829177 4A  =2.34 1.27 0.09 0,74
65 4B ~0,21 1.30 -0.21 1.57
66 4¢ ~5.13 0.93 0,34 0,61
67 4D ~4430 0.63 ~0,17 0,74
70 S93/863180 54 -3,13 1,82 0,09 0,87
71 5B -0.52 0,90 0,21 1.18
72 5C -4.83 1.17 0.60 0.99
73 5D _ -3.04 1,43 0.29 1.12
75 . 8$94/916188 64 =2,69 2,23 0.47 0.64
76 6B =0,70 1,06 -0.10 1.25
7 6C ~1.46 1,91 -0,12 0.76
78 6D -2,68 0,71 0,36 1,00
80 S94/972176 TA  -1.27 1.33 -0,09 1.03
81 7B -0,64 0,75 0,22 1.12
82 70 ~4,18 1.59 0.67 0.77
83 7D -1.98 1.84 10,16 0,81




!

Samp., Location Mz o Sk K
No. I I G
88 $94/972196 8A -1,79 1.44 -0,53 0.6%
89 8B ~1.90 1.05 0.15 1.44
90 . 8¢ ~%,38 1.49 0.16 0.81
91 8D ~2,20 1.14 -0,27 1,34
93 S94/040200 9A  =2,68 0,76 -0,15 0,88
94 9B ~1,94 0.73 0.29 1.46
95 9C -2,06 1.12 -0,08 1.03
96 9D -1.15 0,44 ~0,23 1.09
93 S94/069201 10A  -4,91 0,83 0,07 0,60
99 10B ~3.71 0,73 ~0,05 1,31
100 10¢ =3.41 0.98 -0.14 1.06
101 10D ~2,43 0,20 ~0,01 1.07

Barrier Transect
106 $94,/050202 -3.76 1.05 0,34 -0,70
108 S94/050204 -3,66 0.61 0,05 2.38
109 S94/050206 ~%,91 1.19 -0.18 1.43
110 S94/050211 4,25 0.70 ~0,20 0094
111 S94/056214 -3.68 0.49 -0.05 2,55
Lake~formed Rideges, Barrier,

89%/836187 -0,16 1.1% 20,06 1.18
32 S93,/836187 -1,01 1.25 -0,12 1.30
33 $9%/837187 -1,05 1.24 -0,04 0.96
40 $93/866196 ~1.27 1.76 0,66 0.69
112 S94,/049238 =2, 47 0,49 ~0,24 1.36
113 $94/049238 ~2,48 0,87 ~0,36 1,11
Lake=formed Ridees, Western Lakemargins
41 S93/763178 -1,11 1.40 0,23 0,51
42 S93/763178 2,59 0,42 0,09 1.15
87 593/745238 ~4,61 2.22 20,52 1.44
103 593/768296 -3.58 2,23 0,38 1.06
104 S93/768296 ~3,15 1,20 0.37 1,20




Samp, . Location Mzd g Sk K
No,e ' I I G

Western Inmer Dunes

24  893/836187 0.41 1.08 0.25 0,69
25 S93/836187 0.46 1,23 0.15 0.78
26 - §93/836187 1.15 0.75 -0,36 1,28
34 S93/844184 1.18 0.77 -0.12 0.90
35 S93/844186 ~0.53 2,48 -0.39 1.11
36 593/843188 0192 1,05 0,04 0.85
37 $93/843188 0.56 1.37 0,06 0,80
38 nooow -0.31 1.85 -0,09 0,99
39 nooowm ~0,71 1.67 -0.07 1.00

Coastal Dunes

69 §93/829177 0,30 0,79 0,19 0.98
85 S94/972196 0.73 0,67 0,05 0.81
86 $94/972196 0eTT7 0.63 0.17 0.98
107 594,/050202 0.23 0,82 0,20 1,10

Northeastern Lake=formed Rideges and Dunes

Gebbies and MecQueens Valleys

10 S84,/98%330 3.68 0.58 0.41 2,51
12 S84/979334 3497 0,74 0,55 2,50
15 S84/978%32 4,21 1,61 0.51 3,61
18 S84/976334 3.56 0.33 0,00 1.09
19 S84/976334 4,80 1,91 0371 3024
20 $84/975333 6,69 3.85 0,77 1.20
Lincoln-Greenpark Huts _
114 S83/847375 2,76 0.54 =0,09 0,99
115 §83/885352 2,31 0.36 . 0.09 1,18
116 583/889325 2,58 0,55 0.14 1.12

117 S94/914293 2,53 0,46 0,06 1,05
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Appgndix ' Formulae and Verbal Scales for Particle Size and

Particle.Sphericitv.

Particle Size Parameters (Folk and Ward, 1957),

Graphic Mean:

Mz = 416 + 450 + 484

5

Inclusive Graphic Standard Deviation:

g = 84 = 416

I

0 less

0.35 to
0,50 to
0371 to
1.00 to
2,00 to

greater

Inclusive Graphi

than 0,35 @

0.50 &
0.71 ¢
1,00 #
2,00 #
4,00 ¢

than 4,00 @&

c Skewness:

Sk
I

+1.0 to
+0.3 %o
+0.1 to
,=0,1 to

-O.B 'tO

= $16 + 484 ~ 2450

95 = £5

+ 6.6

very well sorted

well sorted
moderately well sorted
moderately sorted
poorly sorted

very poorly sorted

extremely poorly sorted

45 + 495 = 2450

2 (484 - 416)

40,3
+0,1
=0,1
=0,3

"'100

+ 2 (495 - 45)

gtrongly fine skewed
fine skewed

near symmetrical
coarse skewed

strongly coarse skewed




Graphic Kurtosis:

K = 495 - 45
¢ 2,44 (475 - #25)

K less than 0,67 very platykurtic
G

0,67 to 0,90 platykurtic

0,90 to 1.11 mesokurtic

1,11 to 1.50 leptokurtic

1.50 to 3.00 very leptokurtic

greater than 3.00 extremely leptokurtic
Reference: Folk, R,L.3 Ward, W.C, (1957): Brazos River Bar:
Study in the significance of Grain Size Parameters., J. Sedim,

Petrol, 27 (1): 3-27

Bffective Settling Sphericity (Folk, 1965)

psi S
(Effective Settling Sphericity) =

=
L]

where L  is Long diameter
I is Intermediate diameter

S igs Short diameter

and the three diameters are measured at right angles,

Reference: Folk, ReL.; 1965: Petrology of Sedimentary Rocks,

University of Texas Publication., 159 pps.




Appendix VI, Locations of Samples used for Form, Roundness,

and Sphericity Analysis,

Analysis Sample Location
Number. Number.

Beach Samples

4 51, 52 Helvedys Culvert S93/70%152,
5 56, 57 Profile 7 S93/756164.
6 61, 62 Profile 6 S93/975173.
7 66, 67 Between Profiles 6 and 5 S93/829177,
8 72, 73 Profile 5 S$9%/863180.,
9 77, 78 Profile 4 S94/916188.
10 82, 83 Profile 3 $§94/972196,
11 90, 91 Profile 2 $94/019198,
1 S94/069201,

12 100, 101 Profile

Samples from transect across Barrier

13 106 Al 894/050202,
14 108 A3 594/050204.,
15 109 A4 S94/050206,
16 110 A5 894/050211,
17 111 | A6 594/056214.,

Lakeside Ridges Samples

18 103 (c) 893/768296.

19 104 (p) " .

20 87 Pit at Lakeside S93/745238,
21 119 Dickies Road section 883/788322°

Selwyn River Samples

22 120 ~ Coes Ford S83/807363.

23 121 Maih Road Crossing S83/768373,
24 122 " " i n 1
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AppendixVII, Location of Beach Profiles on Kaitorete Barrier

Profile 1: From seaward end of fence on backshore, east of the

road crossing the outlet of Lake Forsyth. (594/068202).

Profile 2: Half a mile seawards from end of track leading to
conérefe blockhouse about three miles west of Birdlings Flat
Settlement, Peg is a two by one inch wooden peg located 20
feet north of large tree-root, about 5 feet high, on the back-

shore, (594/019198).

Profile 3: About three miles west of Profile 2, at the end of

road leading to Hapgoods Sand Quarry (turn left before the first
cattlestop about six miles along Bayleys Road, ) Measurements taken
from the top of a partly buried fencepost (the last post on a con-
tinuation of Bayley's east boundary fence through the sand-dunes.,)
This post is located 50 yards east of the entrance to the beach from
the firing pad for upper air rockets (three large bolts in a concrete

base.)  (S94/972197).

Profile 4: Half a mile seawards from the lone pine tree approxime
ately two miles east of Bayley's house. Turn south across field on
a diredt line between windmill (north of road) and the pine tree. Peg
is three inches by two inches and is located partway down the fore=
dune, On the top of the foredune there may be a small pile of logs,

(594/916188),




Profile 5: Quarter of‘a mile seaward from the safe driving limit
of Bayley's west. boundary-fence, Measurements taken from the top
of a round fencepost (a new post) on top of foredune, Profile

runs normal to the shore from this point and is about 20 to 30 feet

west of fenceline on the lower part of the beach. (S93/862181).

Profile 6: Seawards along the fence=line about three=quarters of a
mile east of the end of the Barrier proper. Fench crosses the 'road!
and really marks the safe driving limit aldng the Barrier, Peg is
located about seven feet below the fencepost on top of the foredune.

(593/792173) .

Profile 7: Church Road, a quarter of a mile west of the Taumutu
settlement, Across the stream at the end of the road. Peg is
located on the backbeach on the right=hand side of opening to the

sea, It is seawards (about one foot) of an upright tree-stump.

(1893/756165)
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Appendix VIIT, Landsberg—-Bagnold method of calculating Winde
Resultants (adapted by Jennings, 1957.)

Landsberg~Bagnold method
i2

b= s ff;r n (vj - vt)?

j=3 7

b = individual vector of vector diagram
s = 1077
n., = frequency of wind in given direction with speed (V)

in mph,
j = Beaufort speed no., 3 to 12, j =% is Vt (threshold veloc,)

Vt — speed of 10 mph (threshold velocity for drifting sand.)

All vectors are used in this method. Jennings modified this

for coastal dunes to include only onshore wind vectors,

Avplied to parabolic dunes on Western Kaitorete

Averages of wind data collected at Taumutu between 1951 and 1956
(1955 excluded) were used in the calculations. Only onshore
vectors (southeast, south, and southwest) were used, Beaufort
wind scale divisions were absent and wind categories of 1Omph,

24 mph, and 39mph were ﬁsed.

b = 6,050 units
se

bS = 22,360 units

bsw = 19.6%5 units

A wind vector diagram was drawn and the resultant was measured,
The Onshore Resultant is 13° to 14° east of north,
The average angle of dune axes is 15.8%east of north and 78%k of

readings were between 12° and 18°,




Appendix IX A, Determination of Effective Fetch

Method: 1. 15 radials are constructed with 6° between each

radial (out to 45° each side of the central direction),

2. Bach radial is extended until it reaches the opposite

shore,

%, The length of each radial is multiplied by the cosine

the angle between the radial and the central direction.

4, Values for each radial are summed; the sum is divided

by the sum of the cosines of all individual angles.

F _ :E. Fi' cos X i

eff
:EE cos X 5
1 ig the angle to the main
wind direction,

Reference: Waves in Inland Reservoirs - Summary Report on Civil

Works Investigation Projects CW=164 and CW-165,

Technical Memorandom Number 132, 1962,
Appendix IX B, Anemometer Station at Taumutu

The instrument was a 'Dines pressure tube' anemometer, It was
located near the ecastern end of a small headland at Faumutu,
593/768175 (1943 Edn.). The anemometer head was 34.,25' above ground
level,r Ground level is 10' above M3L, *

A1l directions recorded are in degrees true,

This information together with that about the quality of the wind

records, was supplied by the N.Z. Meteorological Service, Wellington,
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Appendix X, Pollen Analysis:  Peat from Drain, Lower Lake Road,

Lake BEllesmere,

Location: Peat is located at the base of a drain crossing Lower

Lake Road (S93/751205),

Analyses were performed by Dr's, B, Molloy and N.T. Moar of the

Botany Division, D.S.I.R., Lincoln,

Wood and bark specimens from the peat were Matai (Podo. spicatus).

Seed fragments present in the peat were Blaeocarpus_hookerianus

(Pokaka),

Pollen Analvsis:

Pollen Type

Percentage.
Pollen Total,

Trees

Podocarpus dacrydioides (kahikatea)
P. Perrugineus (miro)

P, Spicatus (matai)

P, totara type (totara)

Podocarpus (distorted)

Dacrydium cupressinum (rimu)

Phyllocladus (tanekaha, toatoa)

Small trees and shrubs

Ascarina
Coprosma
Coriaria

Elaeocarpaceae (pokaka)

Hebe

tr

tr




Pollen Type Percentage
Pollen total,
Leptospermun sgoparium (manuka) 37
Myrsine 1
Myrtus type 2
Plagianthus type 1
Papilionaceae tr
Pseudopanax 1
Rubus (Rosaceae) 1
Tetrads 1
Grasses
Cyperaceae 16
Compositae 1
Astelia tr
Leptocarpus 1
Gramineae tr
Ferns
Monolete ferns 3
Trilete ferms tr
Sphagnum tr




Appendix XTI, Carbon 14 Dates Referred to in the Text.

S8%/501, 9400 yrs * 120 years B.P., located at 583/891322 75 feet
below mean sealevel, Wood was dated from peat at the base of grey

sand in well=hole 3§83%/212,

Reference: SUGGATE R.P. 1968: Postglacial Sealevel
Rise in the Christchurch Metropolitan Area,
N.%. Geologie En Miinbouw 47 (4): - 291-297,.

883/511,‘ 8895 yrs pa 130 yrs B.P., located at $8%/862418 approximately

20 feet + 5 feet above mean sealevel., The dated wood sample was three

feet s 0,5 feet beneath the surface. Wood (Podocarpus daorvdioides)

in peat, was resting on sand beneath silty clay.

Reference: SUGGATE (1968, ODe cit.)
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