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. ABSTRACT =T - .

- . . -

¢ - . 3HORZ PLiTFOR MORPAOTOSY LD

PID4L. SURLTION DISTRIBUTIONS - i

by .

Martin G.J. Layzell :

. Shore platform existencé is rtelated to the
conéentrétion of wave energy witﬁin the intertidal =zone.
The developmeﬁt and wmorphology of platlorms is deternined
to a largéoexfeﬁt by the tidally-controlled vertical |
distribution. of wave astack. This study is an appraisal of
a simulation model of shore platform mofphoqenesis. The
parameters of the model ave expressed in a single formula,
and include: time, a water level duration factor; an
erodibility -constant; and platform slope. Using these and
othar variables, simulated.platform %rofileé were generated
for 3ix areas of the world. Comparison of the simulaved
with the actual platiorm profiles for these areas, show
the .simulations to be 'fair models of reqiity,-particularly
in storm-wave areas. The model's ability torpreiict platiorn
morpholosy in selected areas sitrongly suggests that existing
"gurfaces are in close adjustment to present sea level.
Further, the model helps to explain many of the morphogenic
relationships found by previous workers,;but in s simple,

quantitative framework.

iii
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CHAPTER ONE -
- INPRODUCTION =
The existence of -shore platforms1 has, for a
considerable time, been attributed to the cohcentration of
wave energy within a narrow vertical_range,_Factors such as
tidal ra%ge, geclogy; wave en&iromept, and thé possibility
of inheritance have, however;_éloudéd the nafure of this
relationship. Workers have freguently studied structural
infiuences on coastal morpﬁological and pfocess variables,
but'theré has been little effort to understand the effects
attributable to the vert}cal distribution of wave attack
afong a bevelled coastlige. The specific problem considered
here is.the nature of the relationship between the tidally-
controlled vertical distribution of still water level for
a glven area and the geometry af that arearé shore platfofms.
The vertical distribution of wave energy will be
of prime importance in determining whethef‘a platform will
develop and what form that surface assumes. This'study is

specifically concerned with the latter problem. Whether

L]

1The term 'shore platform' is used here in preference to
‘marine bench' or 'wave-~cut platform'. It is purely a
morphological term and should not suggest any mode of
formation or any of the processes acting on the platform.

s
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initiation is
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dq? more to hydro¢ynamib than structural
factors is & problem large enough to warrant a:separété study,
but is not the concerm of this theéis.

. The‘ﬁarticular appfoach;adopted rof‘the study was - -
an invespigation‘of the efficiency, ch&racteristics,.and
future 2pplicability of a mathematical simulation model of
shore platform morphogenesis (Trenhaile, 1978; Trenhaile and
layzell, 1978, in press). In order to obtain the widest
possible. appraisal gf the model, data‘were analysed Irom
six contrasting areas: The Isle of Man, U.X.; The Isle of
Thanet in S.E. Enéland; the Gaspe 3¢ninsula, Zastern Canada;
Auckland, New Zealand; and Tasmania, Australia. The sampling
design snd characteristics of the areas i?fgiséussed fully
in Chapter Three. The main aim of the study, then, was to
shed some light on the association between characteristics
of the distribution of wave energy and se}ected varlables

of sshore platform morphoiogy.



SALPTER TWO

i

0RZ PL.TA0RM STUDIL:

i

e
[
L

5:1900-1976 L

‘Juring this century, recognizable trends have ecaerzed
in the aporoach oﬁ seoxorphologists to the problems of shore
platforz development: cyclic modelling; .m search for processes
“

for platform genesis; a gestalt approach attempting to draw

v

P

together the various morphological relations on shore platforms;

and quantitative procsss studies. These stages should net De

-
3

interpreted as :eing discrete, successive périods, but 4s a
classification of existing literature and omsoing rescaréh.
The relsvant 2oints of each stage will be discussed in turn.

-
Johnson's (1338) classic work represented the

%aﬁplication of Davisian cyclic principles to shoreline
vde"elopment. His model was strictly bound 5o the ceaseless
Sfogression of time, showing the evolution of the coastline
from an initizl %o a final s%age of MaXimgn =2Troly.

The shore olotform was described by Johnson as the development

to maturity of 2n initial wave—cut notch. 4 roughly sipmold
shape «25 atsributed to the plat“orm profile. Growth continued,
srcducing a2 wider and wider feature which, below sez
level, w2s assumed to be a marine abrasion terrace. The final

stage does not arrive until the whole landmass is planated to

form an ultimate abrasion platform at the wave base, assumed s%

M
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220 metres below sea level The Strandflat of Norway s -(:;wf

west coast was offered as ev1dence for the pPlausibility of

unlimited lateral erosion. In opposition to Johnson s

>

uniformitarian view were De Martonne and von Ricbtofen
who- assumed the need for a continuously rising base level
to produce the Strandflat.

The setond era in the development of shore . ‘
platform theory concentrated less on cyclie modelling and
more on a search for the specific factors pertinent to .
their evolution. An early distinction by Bartrum (192¢6) is
between the "Old Hat" platforms of Australasian swell
wave conditions end intertidal storm wave platforms:
W4ithin swell wave environments, however, other platforms
oxy also be discerned.(fig. 1). 014 Hat platforms.were
conéidered to form by sub-aerial disintegration of the
rock followed by weak wave action which removes the fine
debris (Bartrum, 1926, 1935). The base level of erosion
was understood to be the level of permanent saturation,
"... a little below mean high-water level” (Bartrum, 1926,
DD. 796). Bartrum Perceived the sea as continually eroding
the platform in an attemtt to produce a compound curve
whlich is concave near the.shore Passing. through a‘iine of
little or no curvature to a convex front. This he termed
the "normal shore profile". The ultimate form in these
environments existed at lower elevations than those >roduced

D7 storm waves. To whzt extent australasgsian storm wave and

Old Hat platforms differ in their degree of adjustment to
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present sea level is dependent to a large extent on ‘the
vertlcal dlstrlbutlon of wave attacksfas Bartrum (1958
D. 267) notes,

"In deciding whether or not wave-carved snore
platforms weTe developed with respect to modern
sea. 1eve1 it Seems necessary td place special
emnh331s on tldal range and degree of storminess
of the adjacent sea.

ndw:rds (1941), writing on Australian storm wave pletforms,
summarizes several relationships which are Particularly
germane to the present investigation. He found that the
cliff-platform con51stently occurs at hlgh tide level.
Secondly, he noted that a2 "low tide nip" or "low tide
clifge" occurs at the platform's seaward edges. Further,
platform w1dth i$ dependent on the rates of erosion a2t
low and high tides: low tide erosion pushes back the nip
face; high tide erosion destroys the cliff face. Thirdly,
he con51dered that, for a2 given rock type, platform width .“
and gradient varied with the distribution and amount of |
wave attack.

These two relations may be summarized by the

following diagram:

-

Platform Widsh : ‘ slatforme slope
—=

Strength of Wave Attack

Fig. 2: Two morpholozical associations on shors platforms

(bzsed on Zdwards, 1941).
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It is interesting to.ﬁoté that Edwards found that‘stronger-‘
wave attack would producéua'narroﬁer platform By erosiqﬁ
of tﬁé nip.' . I .
-\\“ - Gill (1967) discussed the various factors of
relevance to Qiatform genésis and'geometry, and, in
particﬁlar, the height of the platform. Fi#e.specific
factors are listed; it is suggésged.that shore‘platfdrm
height represents a balance between them. Thé five influences
are:

(i) Oscillations of sea level.

(ii) Hatufe of the rocks forming the sﬁore.

(iii) 3ffectiveness of marine erosion. |

T (iv) Climate.

(v) "Other factgrs”, including thewater table;“
Giil's list representé little more than -a barely adequate
summary of the pertinent enviropmeﬁtal conditions to be
considered. Not only do his "five principles” appear %o
bé overtly simplistic but, in the light of other evidence,
incorrect. A similar discussion in many ways-to Gili's
was that by Fing (1963). Her list of relevant factors
ifcluded all those of Gill plus offshore relief, exposﬁre,
beach cover, and wind action. King considered the effect
of sea level rising at an intermittént rate in producing
a stepped submarine abrasion surface.

Wentworth (1938) described in great detall the

process of water level weathering and in a follow-up paper

(1939) analysed solution benching. Two further 'bench

-/
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fovmln- nTocesses werse. recoaﬂlzed ramp abrasion and

wvave quarrying. water level eatherlnb Was dﬂscrlb «d as

‘tha sromressive lowering of a marine platform by alternate
wetting aad iryiag of she surtace. Cotton (1983) cons;ae“ea
this drocess 5o Le responsitle for sec0ﬁdarv lo ‘35”.

King {(1963) and zankeovicn {1957 are amon st tu
taw workars to have 1"r‘zcou:nzc:cl trne impertancs. of "tre tidal

-

lizstribution of wave enc. 3y (see also Kir%! 44773, alshough

5

raferense 5¢ i%a relovanace.

she Sormer naving a macro-tidal stoTm wave environmant, the
1aster, a aeso-tidal, swell wave eaviromaent.

raralle line %ne. developmeat of eomorphometTy
and ﬁhe nppllcation of svstems “thaorTy SO geomorpho;dfy

mas bDaen She zrowsh ol 2 moTe restilt aprproach {0 sheTe

controlling platform noronology, whereas SreTious WOTH

-

canied %o be limited to a feyw interactions in one locaticn.
The first study to attemdu = comparisen of platforms 1n

- gwell and storm wave envircaments was thaé by Jrigat (496?).
Jupther exhensive work Rnas heen accomplished by Trenhaile

o

(1363, 1371, 1972, 19742, 197458, 1978). The networkx of

q?ac;o—t*dal refars to z tidal range larger than 4m, meso-

tidal %o ranges from 2 to 4m (Davies, 1964). See also footnote
/1, :)o 20 (Uh- D/.
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morphological relationshipé-described by these writefs is
dlscussed below. ‘

Although the early workers on shore platforms
uncd?e;;d most of the 1mportant factors in their
' developmeﬁth the lack of statistical analysis left questions
concerning the relative contrlbutlons of these influences
unanswered. Beglnnlng at the cllf’ platform junction, both
erght (1967, 1970) .and Trenhaile (1972) found this to
occur frequently in conjunction with high tide 1eve1.
Wwright also found cliff-vlatform junctions to be higher on
neadlands thsn in embayments, 8s aid So (1965%) and Hills
(1973). The question of differences in platform morphology
between headland and embayment sites has been stressed by
_many researchers, however, as Trenhalle (1974) points out,
too many contradictions exist at the moment to justify
the making of simplistic generalisations.

Platform slope has repeatedly been the central
character of morphometric analysis. The ﬁost important
single influence oz this, according to Trenhaile (1972,
19742 and 1974b), is tidal range. As he points out in a
later paper (1978)? this factor should more correctly Dde
called: tidaliy-controlled expenditure of wave energye.
Correlation coefficients for tidal range and platform
slope were found To be as high as +0.86 and +0.92. Dietz
and-Menard (1951) and Bradley (1958) considered the offshore
slope té'be\of importance. Trenhaile (1974b), working along

the South Wales coast, found length of fetch to be slightly



40

(ep/6l)
a|leyua,y

ur adojs wJojie(d 40 |0J3uoD

LERS -
L LTeka
- . it

Fomiva vy

- -
e orm o2 VAR
LA Py

P AL R ASHTALOETA] WHHUGE

CLEER L] -
mm e s Ly
FT RS -1

wRiHY 2 -m nriravy

o Bhss )3 arues bp
PP R T s ekl gy —
L Y R T L E
gt wepled G pdag dry- e e pdes g

(][] |

1V dEsnyl YIROLIA

OHYIVET MIH OHY ¥ HIIOH

_uc.m_mcw ul-

pue elsejedisny
siuaboydaow syl ¢ Biyg

SIIYM P QHYIDND

A

-




1 .
négatively qorreiéted with platform slope. Other factor%
which were fSund to influeﬁcelplatfofm gradient included
litholpgy; exposure gnd,‘to’a lesser eitent,_cliff height.
rhe‘roie of cliff height is a somewhat confused one.

Zdwards (1941) established a negative félationship between
platférm'width and cliff heights+ If this-is correct high )
cliffs will lead to narrow blatforms, and since.the cliff-
platform junction is associated with high tide level, it
would be expeéted that high ¢liffs would give;steep.
platforms. Wafé characteriétics.may, iﬁdirectly; be a factor
in controlling platform slope. Trenhaile (1974a) argued /})
that the storm wave%-of the British coast are responsible |
.fbr high erosion rates, producing debris of greater size

than that produced by weathering and swell waves in Australasia.
The relationship ﬁgtween debrié size and platform slope may
be exvlalned by the fact that larger debris requires greater
slopes for its removal than the finer material produced

by the procesées of water-layer levelling. The network

of inter-relationships between these facf%rs maEes the
identification of cagsality very difficult. Platform

slope assumes a central role in the network of morphometric
variables (Fig. 3). Perhaps the largest single independent
.variable is 'tidal characteristics'. Both the nature

(mixed / semi-diurnal) and size (range) are po;ebful
controls on platfofm morphology (fig. 4).

The network of relationships shown assumes

contemporaneity of process and observed form. Several
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workers, however, have inclined towérdg an expignation'qf S
.inter-tidal platforms in terms ofgtheir iﬁhgritance from
a périod dufing the Pleistocene‘when sea level was similar.
to today s, (e - Stephens, 195?. Agar, 1960 Orme, 1962
.Hopley, 1963; Synge, 1964 Whittow, 1965, and hillips,
1970a and 1970b). In such cases ;he hlgh degree of correlation
between morphological variables observed by many other
workers cannot be,eipected to exist. In short, no dynamic
equilibrium can be expected to occur on a récently inherited
shore platform. Tﬁat many pPlatforms are well adjusted
to présent pfocesses‘is shown by the amount of evidence
held in support of existing mérphomeﬁric relationships
(figs. 3 and 4). The question of inheritance obviously
merits careful investigation, but as the amount of
statistical evidence supporting significant morphometric
correlations grows, the possibility of recent inheritance
must decrease-if like proportion.

| Several workers have noticed the existence of
nid-tide bevelling (eg. Bartrum, 1938; So,1965; and
Trenhaile,1972). Although only slight in relation to overall
rlatform sl6pe, such bevélling may -be explained by the vertical
distribution of wave adtivity.

Finally, Takahashi (1973a, 1973b, 1974a, 1974b,

1974c, 1975) has discussed the distribution, development,
and the age of shore platforms in southern.Kyﬁshﬁ, Japan.
Two vf his conclusions are wgithy of note here. Firstly,

Takahashi (1973b, p. 120) states that the "... development



ARt |
N of shore platforms requiges a dellcate balance between

rock r851stance and 1nten51ty of wave attack.“ Secondly,

'Takehashl (1974b) identified three shore platform elevations,:

the lowest of which was related to present sea level. The
_method employed was graphical, superimposing the eustatlc
and isostatic uplirt curves.'g height-time relation was
arrlved at to Aato-mlnn the are of.sunra-tidai '-,‘norp nlﬂtf‘erme.
In addltlon to morphometrlc analy51s the past
few years has seen the emergence of Dprocess stddies..
Attempts have been pmade to measure, cleseify, and model
processes. Perhaps the earliest ef.these was the wave tedk
experiment of Sgnders (1968b), who attempted to observe
' the platform-forming DProcess in a controlled environmenb.
His experimental results. are of a very limited relevance,
however, since erosive procesees here-limited.to wave
corrasion and the effect of £idal range was not considered.
Sunamura (1973) classified erosion process studies according
to their measuring technique. Four techniques are comm@n:
horiéontal photographs tazken in different years (Trenhaile,
1969), 0ld maps and recent surveying (e.g. Steers, 1964);
old and recent maps; and surveying conducted at different
times (e.g. Robinson, 19762 et seq). Sunamura's (1973
and 1975) studies investigated rates of cliff recession
using a two dimensional wave flume and a three dimensicnal
wave tank. He concluded that erodlbility along any stretch
of coastline is related to the angle of the coast with the

incident waves.
'

e st mme—
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Quagtitatively,‘this kas_expregéed by - .
| p=pe cos?e S
where D= pressure of breaking waves at angle © to:tﬁe
normal, _ |
and o°= pressure of breaklng waveé normal'toﬁthe cliff.
Tne amount of evosion at the base of the cliff lS
unllkely 50 be an exacst lndlcator of the shore platform
growth rate, although, within an order of magnltude it
should give an aproximation of this rate. ullff recebSLOn
rates have‘been summarized for three countries, USSR, G.3.
and Jaman (Table.ﬂ). The epoded distance at the cliff base
was given by Horikawa and Sunamura (1366) as .
ax = 8 (F,dt)

where dX = the eroded distance,

7 = relative strength of eroding force (erodibility),

and.dt.= duration of wave attack.

¥ is a compound varlable con51st1ng of two factors: rock
strength and wave intensity.

Supamura (1975) once agaln used awave flume in
a simulatioh'oﬂ shore platform formation. He found no erosion
to occur with standing waves but considerable erosion
with bfeaking and broken waves (fig. 5). Two kinds of
force were exerted on the shore platform: normal force
(=pressure) and tangential force (=shearing). The cliff
and beach profiie changes due to broken waves refleéted
very closely the vertical distribution of dynamic pressure

< . . - . - . ~
exerted on the artificial coastline. in addition, Sunamura

Dlotted the relationship betwe=n eroded distance and time

IR SR SSE c
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(flg. 5) Naxlmum wave erosion has long been known to

- occur above still water level (e g. Zenkovich, 1367).

' The exact dlstrlbutlon of dynamlc préésure about still

uater level, ' however, is not agreed upon (aunamura, 1975) .
Finally, = technique originally dev15ed for use

by engineers has recently -been directed towards problems

in coastal geomorphology (Robinson, 1976a, 1976b, 1977a,

19770, 1977¢; and Kirk, 1977). The micro-erosion meter

(M=) accurately measures small amounts of er031on at any

- selected 51te.,Its orincipal limitation, however, 1s .that

it must stahd.fre;ly on its own base, SO that only down;

ward qrdsion may be measured. Results have been significant

. though, and Robinson (197?3,-1977c) succeeded in plotting the

spafiallvaiiations in amount and type of erosion over a

shore platform'éurface. Zxvansion and contraction were.

found to be.domihant én the horizontal garts of the plat-

form, whereas ;orrasién proyed doﬁinant on the cliff-

platform ramp-. ) N
Kirk (1977) derived data on intertidal platform

lowefing rates from thirty one MEM sites on seven profiles

v

around the Ksikoura Peninsula, South Island, New Zealand.
Mean lowering rate for two years was 1.5% mm.yr-1 with
rates generally higher on mudstone thzn on limestone.
Backwasting rates were estimated from analysis of air
rhotographs over the period 1942-1974 and ranged up to

S 1.49 mm.yr“q. No rates were obtained on either recession

of the low water cliff or block disintegration of plat-



%
form rock.

Analysis of Varlatlon 1n lowerlng rates across the
~ shore revealed upper and lower zones of relatively more
intense erosion separated by a central zone of lesser
intensity. "There is thus a gradlent from sub—aerlal
processes G0 true marine processes across the shore 1)
that it 1is unlikely that a single dominant mode controls
platform development and morohology. (Kirk, 1977, p;571).
4 four—fold classification has been used to describe
the natere of shore pletform research. Recent work has
become increasingly analytical and numerical, and con-
sequently'lese descriptive. Considerable effort has been.
pﬁp irto modelling or simulation procedures along with
the application of systems theory to morphometry. Gradually,
a picture is belng asseﬁbled of the relevant process-— |
_response relatioms, their characteristics, and long;term

effects.



'CHAPTZR THRE:

THZ STUDY.ARELS

" The strong correlation between platform gradient
and tidal range (Trenhaile, 1972; 197%a; 1978), and
between thg elevation of cliff?plétfofm Junctions and high
ltide levels (Wright, 1970; Trenhaile, 1972), Suggest tﬁat
morphogenic environments largely determine the gross
morphometry of shdre platforms. Geological factors are
 1arge1y responsible for local deviations about morphological
means that are determined by morphogenic environments.
Until recently, differences in the morphogenic enyironments
of southern and northern hemisphére coastlines had not
been fully recognized (Davies, 1964) . Many texts assumed
the mor?hology of shore platforms in northern Zurope, and
northern Nprth America to be essentially compatible with
those around the Facific rim.

Davies (1964) contended that the global diversity
of coastal environments is explained by variations in
morphogenic factors, such as wave and tidal regimes. More
specifically, Trenhaile (41974b), proposed tha: the
morphology of thg quasi-ﬁorizontal platforms, terminating
abruptly in low tide c¢liffs in the southérn hemisphere is
controlled by weaker, swell wave activity and smaller

tidal range than in the storm wave environments of the north.

19
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Shore platforms and aspects of their morphogenic .
‘environments were examined in six—contrastihg locations

(figs. 6 ad 7), (Davies, 1964).7

Fig..6: Classification of study locations by wave and

tidal characteristics. \_2
. Wave. Regime
. torm Wave Swell Wave
Tidal Range
Gaspé Peninsula
Micro-
tidal
Meso- N
tidal : Auckland
. ' Tasmania
Macro-
tidal ' . Vale of Glamorgan,|
Isle of Man,
Isle of Thanet. -

The selected British platforms are located in
macro-tidal environments receiving locally-generated storm
waves,as well as occaslional swell conditions. Extensive
platform development has tzken place in all three areas.
The Vale of Glamorgan platforms selected for this study
1 Davies' classification of tidal ranges involved three
categories: micro-tidal (less than 2m); meso-tidal (2 to 4m);
and macro-tidal (greater than 4m).

2 The storm/swell wave distinction separates the short
period, high amplitude, high energy waves associlated with
Storms and waves in their generation zone from the less

frequent, low energy waves which have travelled away from
the generation zone (swell).
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bhave Aeveloped in thinly.interbedééd ' Liassic limestones
andfsh;ies (Trenhaile,1972),.The domin;nt proééss is one
of 3oint-blobk removal, wh2reby the .waves erode the shales
.producing ovgrhanginé. limestone 'sc&;ps'. At a critical
point fracture occurs revealing a fresh limestone surface
and renewed exposure of the undéﬁlyiﬁg shalés (Trenhaile,:
1972). The plaﬁfqrm profiles for this study have been
selected from the exposed western shore (Trenhaile, 1969)
which may receive waves generated by winds with a'maximuﬁ
~fetch of over 5OCOkm. Typicai erosion rates have been
estimated to be in the range 0.92 to 2.44 cm.yr'q (Trgnhaile,
1969) . Shore platforms occur along most of this coastline,
attaining widths.commonly greatér than 250m (Trenhaile,
1972) . _
. The shore platforms on the Isle of Thanet are

cﬁt in a shallow monocline of Upper Chalk, the-easﬁern

end of the North Downs range of S.E. Qngland. G;nerally,
platforms are 200 to 300m wide at low water (S0, 1965)..
Pitting of the platforms by solution is extensive, and
patches of freshly exposed chalk indicate mechanical

wave action. Block loosening occurs, effected through wave
force and pressure changes. Boulders, chalk fragments,

and flints ali point to storm wave action in platform
formation. Iow tide c¢liffs do edist in some areas and their
continual recession suggests platforms are narrower in
areas of less resistant material. Flatform elevation was

found to be linked with the tidal éurve and some flattening



of the platform profile waslnoticpd at mid-tide level. .
_ Howe§er, no further numefical'analysié was undertaken.
éo's coﬁclusions_are relevant to the present aﬁalysis_of
the‘isle,of Thanet platfofms:,' : . .
"Thus, platforms, conformingisb intimately _
with existing conditions of marine planation
. : at a defined level, must have been formed at the
. present sea level." (So, 1965, p.155).
Ciose associations were also observed between location
and height of platforms. .
- The Isle of Man is situated in the Irish Gea
within the part of Britain glaciated during the last two
advances of the Pleisﬁocéne Ice Age. The whole island
is composed of a very resistant Cambrian gfiﬁ and slgte
series. The shore platforms of the island are very
complex in form, each profile having many recognizable
units (Phillips, 1970b). This has been attributed to the
inheritance, by the present sea level, of older surfaces
interglacial in origin. Phillips (1970b, p.238) concludes
that, "...interpretation of coastal histories within areas
experienc%ng repeated changes in relative heights of land
and sea; mﬁst be carried out with care, present practices
of correlation and M.S.L. associations being ill-founded
except on a2 most general scale."” The contrast with So's
conclusion is striking, gnd to what extent Fhillips's
assertion is correct will be the subjeét 2£’mucﬁfg§\393,_\,

following chapters.

/ﬂ
The Australasian areas selected for study both
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recelve swell as the oredomlnant wave. type and both are.
.Ic13331f1ed as meso—tldal (fig. 6). Sanders (1968&) con-
sidered that the two dqmlnant‘categorles of shore platforms-
in Tasmania are:'herizenﬁal'platforms near'tﬁe level ef
mean high water, spring tide; and sloping,.intert;dal ‘
surfaces with gradients of_between-i and 4S°. Most
effective. processes were breaking wave shock, water
hammerlng, and air compression in joints. High shock
pressures occurred in a narrow zone, aoproxlmately between
$till water level and the height of the wave crest.

Water layer weathering was found to be.a secondary process.
Like So'(1965i} sanders considered that the tidal regime
was of great lmportance in determining platform elevation.
Regardless of tidal range, horizontal platform height was
about 0.6.to 1.0ft above mean high water, spring tides.
Nidths varied from 10 to 4Cm.

The tidal range for Auckland, New Zealand is .
almost identical to that of Hobart, Tasmania. In addition,
the wsve regime, climate, geology, fetch and other aspects ///
of the morphogenic environment are similar between the two
locations (Ferrar et al, 1925; Bartrum, 1935; and Healy,
1968) . .The platform-forming processes are a combination
of wave action and sub-aerial weathering, controlled by
the level of permanent rock saturation (Cotton, 1963; and
Healy, 1968). Widths of the platfcrms on the WJhangaparaosa
feninsula average between 50 and 70m.

The 51x study areas represent six different



'-morohogenlc environments, each varylng acuordlng to llth-
ology, shorellne orlentatlon, wave regime and other factors._
From the comolete array of Drocess and form varlables along
these coastllnes two have been selected for study. In each
case the farm variable is“the geometry of the shore platform
orofile, whlle the process varlable is the duratlon of

stlll water level at- all elevatloqs from low ® to high tide.
':uo}lshed orofiles and tide tables were analysed to obtain
the data. Ideally.pne would likg to coilect all the profile
data personally, but for obvibus Teasons this is impossible.
However, 3To ensure tﬁat maximum accuracy hns‘been attained‘
only carefully surveyed and clearly »published profiles

have been used. In fact, in two cases (the Vale of Giamor-
san and the Gaspé reninsula), access was available to

original data.



SHASDER FOUR.
THI MODEL
The effects of tidal range.on shore platform
development are consideraple. It has been suggested that
platform width 1is determined DbY tidal range (Edwards, 19413
Flemming, 1965), but recent work has suggested that, whereas
platform gradient is directly related to tidal range, width

is largely a function of the erosion rate ( Trenhaile 1972,

19743,-4978). Other aspedts of platform morphometry are also

intimately related to tidal parameters, such as mean elevation,

the elevation of the cliff-platform junction, profile shape
.and the presence, height, and slope of the low tide cliff

( Prenhaile, 1978). It is not, however, the tides which are
responsibie for coastal erosion but wave energy and possibly
some chemical processes; The‘role of the tidal paftern is

to distribute the wave energy in a characteristic, repeating
manner in the vertical plane. Zxactly where a wave breaks 1is
determined, then, by the height of the water surface, and to
what extent the waves break more frequently at one level
than any other is a function oi the tidal curve. Several
attempts have been made %o consider the total control of
wave activity. Some approaches have involved élotting the
heights of high and low tides for a given location (Takahashi,

1974a) . However, this produces a bimodal curve and ignores

PRy PR
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the heigﬁts'of stillkwater levels during ebd ahd flosd.
Other analyses, have considered the period durlng which any
eleVatlon is comnletely covered durlng the tidal cycle
(Roblnson, 1977a; Kirk, 1977). Since the effects of waves
on hard rock are greatesﬁ at or just above still water level
(Sanders, 1968), the usefullness of thls approach 13
severely restricted. To determlne the tidal role in dlrectlng
the expenditure of wave energy within the tidal range, it
. is necessary to éonsideé.the fluctuation of still water
‘1evel ' The distribution of wave energy (storm or swell) is
' determlned by this fluctuatlon. |
I CONSTRUCTION OF THE U§VES OF SMLL WATER LEVEL DURATION
IN THS INTERTIDAL ZONZ, . ~ ' Lo
The first stage in modelllng shore platform

'"develdpment was the consﬁructlon of curves of the
relatlonshlp between duratlon of still water 1evel and height.
These curves may be thought of as probablllty graphs of
the likelihood of still water level being at any given
h;ight from low to high spring tide,:aness otherwisé-

specified, the present method is that of ‘Trenhaile (1378).
| The total time still water level occupies a
varticular intertidal level consists of two c?gpoﬁents: one
when high or low tides coincidé with this elevation, and

the other when the level is briefly, but frequently occunled
at the ebb and flow stages at intermediate points on tldal
cyvles. The duration of still water level (F) therefore, at
an elevation (n) is given by: '

~
é
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F_ = (ng.'Ne)‘_+. ‘(--én'i'. M) . NG))

De is the duratlon of water level at that EIBVatlon .
when 1t c01nc1des with either a hlgh tide tide or low tlde
mark.

3

Ne is the number of highlor low. tides at that
elévation. . l
Di is the duratf%n of the tide at that elevation
when it is an intermediste point on a tidal cycle. Zach
intermediate point is occupied twice on a tidal cycle. Di
is prlained below. |

Ni is the number of high or low tides above or

below a particular elevation.

The first stage involved Plotting the. occurrences

of each high am‘low tide on a graph to give one histogram

per location (figs. 8 to 10). Zach distribution is clearly
bimodal. Other characteristics of the tidal curves, however,
vary greatly from ome location to the other. Tasmania and
Auckland have similar distributions with each mode being
symmetrical. One exception does exist however. The low

tide distribution for Tasmania is itself bimodal and has
considerably more spread than the distribution of highs

for the same port. This is a reflection of the location

of Devonnort Tasmania, which affects the complexity of

the Fourier series used in the compilaticn of the tidal

tables. Raméey, Islé of Man, and Nash Point, Glamorganshire

are west coast ports in the British Isles. The tidal
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VALE OF GLAMORGAN

Fig10 Frequencies of high
and low water levels for

one year: isle of Man

and Glaf‘norgan.




_ranges are iarge and the resulting histOgrémé are éprééd
out and sdmewhat cohplex. No clear symnetrical pattern -
exists within any of the modes . This, once again, reflects’
the éompleiiﬁy Sf thé tidal curve. Pointe 3t Fierré{

;Saspe reninsula is decidedly micro—tid%l and no intertidal
zons exists which does not‘eiperience 2 high or low tide’
‘sometime during the year. The pattern is a much simpler
ona ;han Zor the Britiéh and represents a fairly siaple
mixed, semi—diurnal tide (fig. 21). ’

v decision naé to bLe made 2t this pbint concerning
the time span to be taken into accouht. for this study

-0

one y=ar wns selected for each suite of 2latforms. That

the tidal curves are not significantly different from each

>
other over yearly cycles was tested by applying the &

*

statigtic in the form of an n x m contingency table for

three consecutive vears. No significant differences were found

between any of the years. | | /
After drawing the histogram of Te against

elevation, a2 curve of DI against tidal ranse was drawn

(£ig. 12). This involved the use of interpolation Sables

published zlongside the tidal predictions. Since Ji‘;ust

De czlculated for a heisht rénge, rather than lor points, one

15cm wa.s selected. This interval was found Dy Trenhazile

5o produce curves of sufficient smoothness without

excessive manusl calculation.

Zxplanation of JI: The present writer's method for

finding DJi differed somewhat from that suggested Dy

~
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Trenhaiie_t1978), hénce the us;,ofrsupérscript,bar to
denote that used here (énd in’ Trenhaile and Layzell, in
press).r | |
-Assuming symm&try of the tidal curve about

mid-tide level, it is true to‘éay thét the range of tidal
ranges experienced by any poinfs from mean low water (MIW)
to mean high water (MHV) will decrease with'increasing
vertical distance ébove‘and beiow‘mean sea level (fig. 13a).
.Thus, points two and four receive a tidal range'that Just ¢
‘reaches those points and also all ranges larger than that,
.in this diagram, upxto the range from zero to six, which
.is a spring tide::A‘Di value for point two .or four must,
then, be an average of some sort of the whole spectrum of
ranges that?encompasses these ﬁoints. llean sea level will,
theoretically, receive Di values from all ranges including
the highest spring to the lowest neap.

Assuming the tidal curves to be gymmetrical
about mean sea level, so too will all calculated values
of Di, decreasing on average above and below this mark.

Since mean sea level will receive all tidal
ranges from neap upwards, and since point x on fig. 113b
represents neap tides, 2 new scale may be added to this
graph. Mean sea level will receive the complete spectrum
of Di from a to b; a good éstimation of this would be the
median point, c. This is the value of DI for mean tide level.

The points two units above and Selow mean sea

level will receive the spectrum of tidal curves and their
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respeptive‘Di values from a to d (shaded). The median of A‘ 
i'thié will represent the DI for these two points. This
may‘be expressed as, -

0d - Oa
2

+ Qa

T3, then, is represented by,

Di(p) - Di(min) Di(ﬁin)-

2

Where, )

Di(p) is the maximum Di value for a particulﬁr
height | )

Di(min) is the minimum Di value at one logéfion,,
defined by the range oflthe highest spring tide.

Following these graphic and numeric oDerations
curves for each tidal fange may be devised showing the
value of DI for particular heights above MLJ (fig. 14).

' The only other two variables used in Trenhaile's
original formula are Ni and De. The former may be obtained
f£rom the histograms (figs. 8 to 10). The latter was tazken °
over a 15cm interval for all tidal ranges from intérpolated
tidal curves (ﬂig. 15). |

Having devised the various steDs needed to
calculate F, curves were drawn of ¥ against height for

each port (fig. 16). The vertical sampling interval in all

cases for these gfaphs was every 15cm (6") from low water

*
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‘mark (spring tide) to high water mark (Spring:tide).
II MATHEMATICnL DESCRIPTION OF THE MODZEL. ‘

The model of shore. plat’orm morpﬁogeﬁes&s has
been described by Trenhalle {1978), and Trenhalle and
Layzell (1978 in press) TR mathematlcal descrlptlon is
also given here. . o

The amount. of er031on taking place at any
partlcular level is proportlonal to the quantlty of wave
enersy expended at that level, and the strength of the
rock ( Takahashi, 1974c; Kirk, 1977). Deep water wave
energy is a function of the morphogenlc env1ronment but
in shallou water, wave energy declines accordlng to that
. used in Oﬁercomlng friction with Fhe bottom (Putnam and
Johnson, 1949); this is proportional to the slope of the
bottom.‘Teking into account the Irequency with which still
water level coincides ﬁith ény'elevation, the amount of
-frosion (E) which occurs at an intertidal level (n), in
"a time &, (years), therfore, is approximﬁted‘by:

'En,t,l = $,AF, tanOn-1, t (3)
where A is a constant relaﬁed to the energy of the waves in
deep water aﬁd the strength of the rocks ( the erodibility
.ractor); |
1 It is interesting to note the similarity of this formula
to one by Horikawa and Sunsmura (1966) for the eroded
distance of coastal cliffs at the base: :

AX=  (F,At)
where AX is the eroded distance

" F is an erodibility ratio
At is duration of wave attack. The differences between

the forfiulae are that Trenhaile’s has two expressions for
time €7 and %) and it also includes bottom angle (tanx).
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F is the amount of tlme stlll water level 13'

. at elevation level n each year, as glven by (1), and

xn—1,'t6 is the slope of the platform extendlng downwards

from level n to level n-1 before -erosion (fig. 17).
Con31deratlon of the effect of bottom gradlent on incoming
wave—energy ig limited in the model to slopes atb depths
down. to only 91.44cm (pft ) below. still water 1evel.
«1thou#h the affect in nature is exerted over much greater
depths, for the relatively short, locally derived waves
which are primarily resoonSLble for erosion in the study
areas, only relatlvely shallow depths cause much adjustment

in wave length and height, and this effect is strongest in

' very shallow water.

The model is also denendent on the rate of

submarlne erosion cccurrlng 1mmed13tely below the level of

the lowest tides. Submarine er0310n may:

a) decline SLgnlflcantlv as the submarine slope
declines;
b) be so slow that little change could have

occurred in the roughly 2,500.years since the sea reached

-

its present level; or
¢) remain essentially constant, dependent only
The destruction of rock on the submarine s%ppe
is a function of bottom wave energy, which may be taken.to

be proportional to the square of maximum orbital velocity

® 'j

e e ek
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on the bottom (Zenkovitch, 1967).

ie. 3 = KV | () .

where: = is the bedrock-erosion rate;
| k is a coﬁstanﬁ‘reiafe@'éo, amongst other éhings,'
rqbk'hardness; and |
V is the maximum orbital veloctiy on the bottom.
If water depth is greater than half the.wévelength, or if
wave height is greater than 0.0 to 0.06 water depth, waves
‘ consise of isolated crests with flat intervening troughs.
_Iéolated wave theory indicates that (Bagnold, 1963):
V = H /gh /2h (5)

where: H is wave height;

g is the force due to gravity; and -
h is the water depdth.
Suostituting in (4):

5 = 0Hm N ' (&)

where: C = kg/4

When a wave first encounters shallow water, wave height
declines; its height in deed water being régained only

when the ratio of water depth to wavelength is about 0.06.
Although wavé height may increase rapidly towards the
breakpoint, the effect is greatest for long flat waves,

and may be relatively small for very steeﬁ stqrm waves
(Bigelow and =Zdmonson, 1947). For a wavelength of 15m‘(50ft),
the deeb watef height is regained when wgter depth declines

to 0.9m (3 f£t). Although strictly incorrect therefore, it
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may be acceptable tb’assume'thatlﬁavé‘height is ‘
independent of “thé changing ‘water depth or slope below
low tide level which may occﬁr as the modél‘progresges. If;
jhowever, wave height does change sispificantly with |
relatively small 6hagges in water depth znd submarine slqpe,:.
the eoffect is p:oba51§ quiye small, since the rate of -~
submarine erosion 1in shallow a?eas close té hardrock
coastlines appears to be very low. Thefrate of lowering
of a linear profile‘is.given by VtanX, where V is thé
.cliff'fecession'rate andixis the submarine. gradient
(Zenkbvitéh, 1967) . ipplied to the shore platform coastlines
of southern Britain, this suggests that sﬁbmarine -
downwearing is less than one millimebtre per annum, and
only 0.06 mz in.the Vale of Glamorgan. Although Zemkovitch's
formula is valid oniy for the cliff base, a related egpression
of somewhat greater complexity that édnsiders submarine
erosion immediately below the level of the lowest tides (2},

confirms that erosion rates are very low:

where:

High tide




‘only a few tenths of a millimetre Per annum in the calcareous
-rocks of the Black Sea, where abrasion - is reported to be
active and Dronounced (oenkov1tch 1987). Cliff recession
‘rates have not been assessed for eastern uaspe, but
consideration orthe morphogenic env1ronment and the
‘structure and’ lithology of the rocks, suggests -that rates
of submarine downwearlng are probably slmllgp to *hose'in.
Brltaln. The only accurﬁtely determlned rates avallable-

for the Australasian study areas show downwearlng to be in
the: order- of mmg yr (Klrk 1977). ‘

T Wave helqht at low tide level, therefore, is
unlikely to have varied. szgnlflcantly in response to
changes in water depth or slope related %o submarine
er0510n since the Sea reached its present level.
Accordlngly, for modelling Purposes, the submarine er051on
rate immediately below low tide level was assumed to be
constant through time, and equal to CHe/h (&g 6)

Modelllng of shore Platform development was
done by calculatlng Zn ’t:,1 through varlous tlme lntervals
to Zn, t4200 ( the amount of erosion 4,200 years after
inheriting an initia] "slope). Values of E were calculated
at 91.44cm (3 rs) 1ntervals from low tide through to high
tide. The figure of 91 44 cm or 5 £t. was selected by
Treuhalle (1978) and was found to be fine enough to

allow for variations in Platform moroyo“jtry, and yet not

]



too flne as to attempt the modelllng o¢ Platform

rlcrorellcr..

.

The inital surface was assunsd to pe one of
uniform sibpe, subSéquent stages being dependenﬁ on sShe
frequency of wave action, the strength of wave erbsion
in relation to rock hardﬁess'('erédibility'), and:tﬁc
Sradient of the segment below each point béing concidered.

i+ Fortran IV compuber program was used:to run .

the modal (fig. 18). iny number up to 200 ruas (= tébo)

with veriable time intervals could be produced. limitk
of thirty vertical intervyls (q— 30) was buil: into the
prorram. This was 2dequate for all tidal ranges encountered
in thc study. |

In addition to the ¥ values, values for
erodidbility (i), i al cliff angle (dh 1,5 ) and low
tide erosion (EL= C'2/h) had to be selected fo* each
simulation. No data exist in aﬁy of the six areas to oe
able to rely on recorded information. Values for these
constants had to be obtained by estimation -nd
bxpevlmﬁntatlon. droulbllluy was calculated from intertidal
erosion rates. .jiace TPy tandn_ = Zrosion, and erosion
on any part of the platform is known to be 3 cm.yr-q, A
may be calculateé from:

.
n =,

X
Fn'tanq5_1

The units of A are cm.hr_q, representing the amount

of erosion possible a2t an elevation with constant wave
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Pig. 18: Computer program ("ORTQ.\N IV) for s:.znula!::.ng shore Dlatform
mo“phogonua:.s .
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attack. From egqd (3) it 'is possible to see how this is
derived:

N 2 = AF tan <

—

I o= AR,

where £ is in cm and F is (? Hours. A must, -therefore, be 2

in cm. hr-q, Appendix One gives-a fuller derivation of
- this formula.

III SUMMARY )

<

To simulate shore élatform,formation and
morpﬂglogy a ﬁ;thematical model, devisgd by Trenhaile
{1978), was employe&. The compute? prograh for the

model calculates successive stages in the evolution of a
shore platform from aﬁ initial ciiff-surfac;. Eacg stage
influences the succeeding stage by varying the amouhq‘Of
erosion which tnkes place accofding to the angle of the
platform. The angle of the platform segment connecting

leveds n and n-1 after time £y is given by:

m - = _1 I'd ™ -
n-1, €, = tan” ( (91.448) /(B 4By q g + 97-44c0b

‘rn-—ﬂ,to) )___ : (7)

D I :
where En1e1 and %21, 11 are the amounts of erosion at
levels n and n-1 respectively, in time t,, as given by

(3) and

&?n-ﬂ,to is the initial slope at that level. For

derivation of this formula see Appendix Two.

N

For the purposes of defining units this may be reduch to,
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'2337ING THE MODZL : PART ONE
I 'PROCIDUIE - - '
II PROBLIMS
I PROCIDURS
Two levels of analysis were performed to assess
the usefullness of the simulation model described in
chapter three. firstly, profiles were generated by insertion -
of the'relevaﬁt Fn values and constants info‘the cémputer
Program. Compafison was then made between-the actual and
the simulated profiles for all six Qtudy;;reas. Secondly,
a graphical and statistical analysis waé made of other ;
properties of the model. fhis included studies of the
model's ability to simulate the attainment of equilibrium
in shore, platfdrm morphology, its efficiency in
predicting the amount of erosion per unit time, and an
analysis of the relationship between width and gradient
among the simulated profiles. i ‘
Surveyed profilés from all the study areas were ,,l
collectad by referring to published material in the form \ |

of cross-sections or contour maps of the shore platforms.

The -patrticular sources used were: Trenhaile (1969) for

51
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'The: Vale of Glamorgan; Phillips (1970) for The Isle of
- Man; So (1965) for The-Isie of Thanet; Trenhaile (1978)

for the Gaspé ‘enlnsula, oanders (1908&) for Tasmania; and
Henly (1368) for the Jhanranarga Benlnsula, Auckland -New -
Zealand. In each.casa the profiles had been constiucted .
from surveyed data;.Froﬁ'each suite of profiles a mezn

profile was constructed to represent the general pattern

of shdre platform morﬁhblogy in the area. To construct a

- mean profile, all the surveyed Droflles were superimposed

on graoh paper and average helghts calculated at equal
distances along the profiles. Within each groyg of

profiles it was possible to.align ther to a common tidal

datum, usually mean tide level (Admiralty, 1948). The

actual and mean profiles have ‘been drawn at suitable scales
to allow for comparison with the simulated platforms

( figs. 19 to 28 ).

Initially, the values for the constants B and A

-y

were estimated from & range of possible and typical

"values. After a few trial runs at the pfograms, however,

a new and more accurate method was devised (Ch. 6, I).

The computer program was run many times for
each study location, the E /A ratio being changed
between runs. To assess the individual influences of low
fide'erosion and erodibility,. these values were gometimes
changed to maintain the same = /% ratio. The effect of

this on the simulated profiles is discussed in.Ch. 6.
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Superimposed shore platform profiles:

Fig.21:

(Source: Phillips 1970a) |~

Isle of Man, G.B.
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Fig.27Platform Profile Types for
Auckland, N.Z.

Source: Healey (1968)

\




82-

(8461) SllEyus.d] 32unos

‘adseo :9jijoud wdopneld suoys uesa ;g2 big




63 -

Computar output:gavela listiné of profilé angles (in
degrees).for each level an& for any specified éoint_%n
timé; up to 4,200 years (fig. 29). ‘

I PROBL,M@ |

bomoarlson of actual and 51mu1ated platform

orofiles presented a number of difficulsies, mostly duer
tec. the dependenue of segment gradlent and w1dth on  the
erodlalllty and submarine er051on constants. Six groups
of difficulties were recognized:
) (i) The influence of lithology on shore
. pPlatform mdrphology.' -

(ii) Thé possibility of relative land/sea
level changes w1th1n the receant past (Holocene).

(111) The difference between still water level
- and the level of maxiﬁﬁaﬁwave attack, possibly influencing.
platiorm elevation. N

" (iv) Other morphogenic factors, which may
include: fetch, platform location (headlaﬁd or bay) (3o,
19665; Takahashl, 1975), ‘and ¢liff height (19745) (figs. 3
and 4).

(v) Technical problems, inciuding the possible
iavalidity of comparing the simulated profiles with éhe
'mean' profiles. |

(vi) Dhe many effects of changing eluhe*\t

submarine erosion constant or the erodability value, or

-
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both. This is e*panded uponllapef,
(i) Lishology -

' fhis is not the pdlaca to attemdPt a fuli
discussion of the influence of lithology on shore
platiorm mdrphogenesis, since it is topic on which many -
workers have concentraied (fér'examplé: Serrar et al., 1925;
Siwards, 1941; sverazd et al, 1964; Gill, 1367; and.
Trenhaile, 1972). Some, Such as Tgeﬁhaile, have considered
its influenée to be fairly smali, whilst others, iacluding

Everard, have stressed the geolagical influence on width,

L

microrelief and slope of shore platforms. Geology is not
ignored however, by the present simulation model. s has
already been mentioned, érodiSility is a factor of two

. components, one‘of which is :ock're;istance- Assuming
uniform rock type then, the presént‘model accounts for

- differences in geological resistance %o attéck, even if
no précise data exist for this factor from each of the
study 1ocations; However, changes 1n ggology, faults,
planes of weakness and joints all, to a certain extent,
play their role in shaping a shore plapform..These é$
factors, howéver,'while_significanp at the local, single
profile level, are less influential when consideration is
made of regional (mean) platform morphometry (Trehhaile,
1969 et seq). Repeatedly, significant correlations have
been fpund (figs. 3 and 4) '‘between morphogenic variables,

suggesting that many platforms are in, or are approaching,

L it .

s e rT T RIS
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'g staté'of dynamic equilibriﬁm;‘Zithologicai breaks, such
as joints, tend in these cases to exﬁlain the excgptioné-
from the rule, or the residuals in a.cdrrelééién analysis.
In the case of the Vale of'G;amorgaﬁ;:“...residuéls from
regregsion for the platfbrm_gradient against tidai range
~ «.. change from a maximum negative value in the west, to a -
maximum positive value in the easﬁ... In'the west, low e
platform gradients are often ré;ated to-the presence of
weak beds, characterized by .thin limestones and thick,
interbedded shales”. (Trenhaile, 1974b, p. 137). The
role of such geological changes is assumed to belsne of
imposing "noise upon the signal"”; of upsetbiﬁg the‘
pattern of morphometric relatioﬁshipé bj giving each °
‘platform its 6gn distinctive micré-morphology. Two
méthods were employed to reduce the influence of
lithological control: each level iﬁ the model was‘set at
91.44cm (3 ft) apart in the vertical plane; aéd ﬁeén
profiles were drawn for cogparispﬁ with the simulated ones.
Both should minimize the interference of micro-relief.
(1ii) Land/Sea Level Changes:

This %Yopic has been investigated in both the
isostaticall& and custgticéll} iﬁfluenced_coasts of Japan
(Takahashi, 1964 et seq) and 3Britein (Fhillips, 1970a and
1970b) . All areas for the-present study may be cpnsidered {»~/*

to have had a sea level within a metre or two of the -

present level over the past 4,200 years. Areas of greatest
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possible isostatic change are the fele of Glamorgan;

Jales, Gaspe Penlnsula, and the Isle of Man. The flrst

two of these three areas are also the aréas whlch.have blven

- -

the strongest morphogenlc correlatlons. Many curves o;

'relatlve land/sea level movement have been dr*wn for the

Hologene period (Jelgersma, 1906). rollowlng from the
work of Preahaile (1969 et seq.) and the theories reviewed
by Jelgersmé\(19oo) it is falrly safe tc assume that the

oresent sea level was reached at least 2 500 to 9,000

: years B.P. Indeed, the results of the present study may

-be used to supoort or attack.this assumption, Hcpendlng

on whether or now close correlations are found between
sxmulated and actual proflles. The closer‘che
correspondence between real and modelled profiles, the
greater the support for the view ﬁhat.preseﬁt inter—
tidal plasforms. .are 'adjusted' to present sea level.
Time and the simulation model are discussed later;
(iii) Ilevation of water level,during wave passage.
Sunamura (19735) has presented an overview of
theories regarding the raising of the level of effective
wace attack above still water level (see also, Sanders,
1968b)1'This phenomen®n may raise the elevation of the
platform, a few centimetres ébove that predicted in the
model, but does not affect the other morphological
characteristics of the simulated platforms (Sunamura,

1973). This is due to the random vertical distribution

of the occurrence of storm waves. Storms occur
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independently of -the factors degprmining the tidal curve,
o : : : ' _ -

which are predominantly celestial The‘randomness dr )

this factor allows it to be 1gnore&as far as modelllng

shore platforn geometry 13 concerned. -

(iv) Other morphogenic factors. ' T :“ _n. . e
" As far as the variables of erodibility, angle, - B .

'time and‘so_og;may be qugnti%&sd they were inoluded in

the model formula. The precise role of -other factors is

1ess‘clear, howevet, and their'quantification is

consequently less viable. A; morphometric research - ' ¢

proé?esoes it 1is likely that more and more variables maybe

be quantified for the general model of shore platform )

evolution} ?he_exclusion,4then, of the manylother factors

*which have been reported to influence shore platform

morbhology is justified on two related counts. Firstly,

rebent reseorch has shown that the.factors included here

are theﬁnist important ones concerning the development g

of platform proflles. Secondly, because,of their ;eoeated |

<

appearance in multivariate studies, the factors included

here are easier o quantify than the iess important T
influences. : - g . _ _ "
- . ,\';(; i ‘i’ .

(v) Technlcal problems . _ . &

[

"

Undoubtedly, certain degrees of 1naccu'c@' were
: -~
both 1ntroduced but hopefully, reduced by the grawlng ..

a

of meath profiles. It,ls possible that *the mean profile for

an ared, '‘instead of reducing variation, %Ftually introduces
) . - . -o.-. . ) .
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_more than would the use. of a single suffe&ed profils,

[

since it 13 composed of more data. Thus, the mean -
Droflles may not even exlst in the ar eas selected.

Certalnly, as the dlver31ty of surveyad proflles 1ncreases

~ the amount of error 1ntroduced into the mean ﬁ?bflles also

1n€reaSes. Compare, for example, the Vale of Glamorgan
(Plgs. 23 and 24) w1th the Isle of Man (figs. 21 and 22)

When comparing the 51mulated proflles with those for,tha

-

'relevant locations all profiles are.considered, f o i

-

1nclud1ng the mean.

(vi) The effects of varying E and/or A. -
It was found that both segment grgdient and

width are dependent on the ;alues chosen for the 6oﬁstants

in the basmc formula. Thls obvzously complicated the -

process of comparlng actual with 51mulated proflles. The -

-
precise effécts of varying E and/or A cannot be.

- discussed without recourse to actual results (Chs. 6 and

.

Thls chapter began by ouﬂllnlng the procedure

 for 31mulat1ng shore platform profile devg%?pment, .and

concluded with a dlscu551on of the problems concerning
the comparlson of the ﬁodelled forms Wlth the actual

cases. These constraints upon the model are 1mportant and .-

éhould_be_borne ih"mfga whilst reading the later chapters.
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CHAPTER SIX

TESTING THE MODEL : PART TWO
I EQUILIBRIUM ‘

II T4E E, /A RATIO |
.III'COMPARISON OF MODEL ViTH A PARALLEL RETRZAT 4 PPROACH.
I ‘EQUILIBRIUM '

Theltidgi duration (') values are initialiy
responsible for great differences in erosion rates across
the platform profilés. Steep slopes permit high rates of
er051on Providing rapid changes in the ‘width and. gradlent
of each a&atform segment Gradients decline quickly in most
cases,~buu when relatively hlgq_;ates of low tide erosion
are combined with low erodibility, slopes near high and low
tide level decline more slowly than tﬁose at‘;idtide, or
even increase 6nce the steep inherited sufface has been
reduced. As the simulated profi;es progress through time,
platform segments attempt to attain gradients which
. compen;ate for the differences in the F-values across the
proflles. The erosion rates at each levzl, in resbonsegto’
changes in platform slope, ‘slowly converge towards equalluy.
It suf*1c1ent time is avallable, a state of dynamic '
equilibrium is attained, in which the erosiop rate at each

N , ‘
) ) " b

70
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slope, shape, and size remain constant, although -the

" glow landward shift of the platform continues. Flatform

¥
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level is equal to the constant rate- occurr_ng below 1ow

tide level Once equilibrium has been achieved, platform .

gradients have now adjusted to the intertidal
distributien of wave energy-(fig. 16) .

" The equilibrium‘forﬁ of plet¢forms may be
calculated without recourse to their intermediate,étages.
Equilibrium is attained at time T when the rate of erosion
at each level is egual to that'fccurring immedi;lely |
below low tide level. ' ) |
Thus:

TAF tan(x:n_,]w = TLF -, tanC!'n_a,T - .. T2
therfore, tancrn_,]’T - EL/ AR

N '-1 -~ ~
therfore, OCI_,L 1,7 " tan” (3 / Af nE (8)

In this way a range of LL / A ratios for each location
could be qalculated, ‘rather than obtained by trial and
arror withfthe computer programs. -

The influence of éhc submarine erosion and erod-
ibility constants.on the simulated profiles is discussed
in section II of this chapter. However , equilibrium profile

shape is independent of these factors, since:

= = A ' ' ,’
tand, -1 to “L / &Fn,'and d
tanaﬁ—2,t05= L./ F5_1 therefore .
. . - .
= ., )
‘tEa &, % -/ tan« 5 g _(n— / Py - E(9)

Therefore, whatever erbdibility and submaride erosion
. * o . )
»
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vaiﬁes are éongidered,‘the ratio of ﬁhg tans Af the gradieﬁts
of one platform segment to that of the segment below is
constant. This;indicates'tbat, ifrespective.of-the tidal-
* range, decliniag duration vaiues adbout the mi@tide maximum, .
causes platforms to be ‘&Fcavé-near ﬁigh tide, linear
over much of their lehgtht/and convex at their seaward
teriini. In actdality, however, alnumber of’factbrs-may serve
so obscure this ideal form: The gradient of tine concave ramp
at the cliff base or the convex low Side 'cliff' depends
upon the.vélue of EL / ﬂFn, as derivea in eq.(8). If the .
rate of_subﬁarine erasion is low and erodibility is high,
thenlboth sloDdes may be so gentle that they grade almost
" imperceptibly into the main‘platformrslopé.'Variation of the
erodibility value caused'by’structural and litholdgical
;actors may also serve ﬁo emphasize or obscuré these non-
linear segments. If weak strata overlie more resist&nﬁ beds,
Dlatforms may develop that have much lower gradients than '}J
those in more homogeneous outcrops in the same morphcgenic
environment. Thesé pvlatforms Qill have imperceptiblé ramps
<3 the c¢liff base;and a steetv léw tide cliff at their seaward
termini. These platforms arex typified by Breaksea Foint in
Glazorgan, where the erosion of weak upper bucklandi shales
has exumed a platform cut in more fesistant lizestones
Trenhaile, 1969). Breaisea Zoint is mgre than 550m wide, has a |
' 3

vgradient of less .than one degree and the only abrupt. seaward

" terminus in Glamorgan. Llternztively, resistant stqua -
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‘Toverlylng weaker oeds prov1des steeper platforms than

fthelr nelghbours, and gentler seaward termlnl. Thls

explalns plat’orm gradlents of more than & degree, and

an- ill-defined low tide break of slope near Grande Vallee

‘Gaspé (Trenhaile, 1978) . The occurrence or rgmds is ofsen

related to beds. of resisténé strata at the cliff base
(Trenhaile, 1978), or to sheltered environments (Trenhaile,
1369; Hills, 1972), where erodlbllity'iS'also low.

Ramps, therefo%é may be associated with narrow, steep
plétforms in sheltered locations waere erodibility 1is low
across the platform, or may‘be the expreésion of_low
evrodibility values at the cliff base, related to

f
.geological factors. In the latter case, prominent ramps &

may be found on profiles which lack,the'ﬁarked convex
slopes of the seaward serminis. I; Gafpé, where steedly
dipping strata determine that low ufﬁe arosion mus?t
eVentually encounter relatively, resistant heds oX rocks,

low tide c¢liffs are common, ipn contrast to areas where

strata are quasi-horizontal, as at niviere 3 Claude Gaspé,
. ‘

“or throughout the Vaele of Glamorgsn.

II The 3, / A Ratio

. Fhat a change in uhe ratio between submarine
erosion rate and the erodlblllty-lnf1Uenced gradient and
width of the simulated aro_lle, was first noticed for the
ports of Gaspe and Glamorgan (T“enhalle and’ Layzell, 1978,

in press)-. 11he 51mulaued Gaspésian profiles consist of
-~

very low gradlents and a marked break at thelr seaward

- r

.
et ¢ o, = 71k T |

)ﬁl



termlnl,'whereas those in Glamorgan are generally steeper,
‘_w1th a long,‘llnear segment extendlng for some distance

above and below mldtlde level (fig. 30). blmulated

equilibrium profiles were closest to their real counterparts

when the ratio 3y / 4 was betgeen 12 'and 6 in Glaﬁofgan,
‘producing plafforms'between 132 to 264m in width, and o
between 10 to 5 im Gaspé with associated widths between
59 and 138n, %espectively. Optimumr values of'EL /A =8
for ulamorgan produced a glatform 198m wlde with a-
generally linear slope of about 2 , with one. ramp of
about 5 at the cliff base, and another of about 8 at
absolute low tide level. When I / & is between 5 and 10,
simuleted Profiles that are:vefy similar to those in.
Gaspe were produced, with gradients between 24 and 48' and
low tide cliffs wi;h slopes between 8 and 16'.

The other two British areas, Thanet and the
Isle of Man, show rather less correspondence than that
for qlambrgan. The Isle.of Man pla¥%forms have been
described by Phllllgg (19702) as 1argely inherited
) feapures. Formed ontvery reszstant rock, the Dlatforms
assumé 3 wide varieo;hof shapes and widths. The mesn
Eprorile is probably least reliable in this location.
Bearing in mind the geology and 1oca§ioﬁ'of the islangd,
Phillips's hypothesis of 'inheritance' for the plaﬁforms‘
seens quite foasible. Despite the waight of evidence that
is neld in favour of inheritance, the.simulafed profile

with an Zp /. & ratio of 10 has a width (13m) close to that

> e
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of the w1deSu surveyed proflle C122m) (flgs. 21 and ;1)

An Zp /A ratio of 25 prov1ded a platform width (55m)

similar to that of the n?rrowest surveyed proflle {55m)

(fig. 21). Th;s rangé.of acceptable EL / A ratios f@r the

Isle of Man is due to' the diéersity of platform morphology

on_the island. Over Fhe central portion of the simulated -

Platform,” gngles raﬁged from 2,51 to .22 degrees‘with'a

clear mid-tide bevel. Gradients increased at the seaward

end to 28.55° and at the cliff-platform ranp Yo 6.685. |

These are very close to the actual angles which average

2. O over the central plane, 7.59 at the cliff-platform

Tamp, and_fanée from O to 90o at the low-tide cliff.

' The Isle of Thanet haﬁ 8 DaTrToweT band of
acceptable Z; / A‘ratios,.from 10 to 4. in 2,/ A value

‘_bf 11.1 produced a platfg;m 106.3m in width"gith a
mean angle of 1.520, which is close to. that surveyed by
50 (1965) of 1.2°. No low tide cliffs were produced.within'

. the ranée of 10 to 14 (fig. 32). v

The Australésian study areas (Tasmania aﬁd‘ '

. Aucklaﬁd) had similar platform profiles, a -similar range
of acceptable Z; / A ratids and almost identical simulated
profiles (figs. 33 and 34). The Aucklaﬁd simulations
show quite clearly the controlling effecf of the

. erodibility factor over platform width. With an B/ &

ratio of 12.5 the equilibrium platform profile is wider

~>than that\producea with an EL / A = 25. The smaller

|
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. C . ) - ) ‘
‘ratio also results in & loﬁof overall platfbrm slope.-In
thisinstance then, a re&uctlon by O. 2cm. hr =1 iﬁ the

erodibility factor has- reduced the platform w1dth by almost
one half.. - S ‘

‘ : ' Varylng the ‘absolute .of “L "and n, whlle
maintaining tle same ratlo, does not affect elther‘
equilibrium gradient or width. The time taken to reach .
equilibrium is,‘h6WQVer, reduced by an increase in thel
values of ﬁL'aﬁd A. A Vale of Glamorgan simulation with

o / A values of 20/2 reached equilibrium after’ 930 years.
'Regucing the values of the comstants to 10/1 delayed
equilidrium until 1950 years. More will be said of the
role of time in the simﬁlation model in section I 6}
cﬁapécr seven. The effect of increasing or decreaéing‘the'
submarine erbsion'rate is to alter the platform's position
relative to the location of the initial surface (flgs. 30 .
to 34). Thus, a slmulated piatform with an By, of 10cm ¥r q\
Wwill have.lts;low.tlde'cllff or Yamp jOm back from its
initial position after a time period of 100 years: In
actuality, submarine erosion rates probably are very low -
gince they recelve only the effects of chemical and
blo;Pglcal er031on and the pressure changes induced.

benea th ﬁaves._?hig fact does not affect the validity of

the model siﬁce, in determining platform.width and ”
gradients, it is the 3Zp / A ratio which i; iﬁportantz not
merely the individuél contributioq of EL.

—

N .
. s .
. . " o 9
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Variations produced in the éimulatgd shore

Platform profiigs (figs; 30 50 -34) byﬂaitefing the ratio
between submarine. erosion rate and erodibility may be

-

-

summarized as foilqys (fig. 395):
| . (1) ﬁeduq}ng'the_Ei / h'ratio has the effect -
of: | ) | h
> | : .
- (8) delaying the time needed to reach
equilibpium; )
) (5) reducing the equilibrium tlatform angleé;
(e) increasing width at equilibrium. )
(ii) 51, determines the rate of‘piatfégm retreat
once eguilibrium has been Teached.
IIT -JOM_B‘:RISON OF MODEL JIPH  FARLLLEL RETRE-I\T‘!\EPROAOH.
from any of‘the simulated profiles {figs. 50
to 34), it is clear that the initial surface of 30° does
not retreat parallel to itself. Indeed, parallel slope
retreat does not appear until the state of dynamiec
equilibrium is reached. This section considers the reasons
for the development of non-linear profiles in the simulated
platform profile.

L) -
i = = i - \" £ .'-\ o -
Since tarmc:n__..,]"t,I 2 (fig. 17}, for AD o.be

rectilinear it must bé shown that:

R — --.’ r
Ch-m Cp-2 €n-3
or
- 1.1 A
€p-1 Ch.2 Cn-3 i

If sof then perallsl rectilinear recession is teking place.
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TAN® [ - ‘ ‘
r 400/Fp

LOW TIDE EROSION
(Cm.y:‘.‘l)

ERODIBILITY (cm.he)

Fig.35: Platform gradient at equilibrium, erodibility and
submarine erosion rate.
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It follows that (fig. 17),

Cpaq * Bq = (3D Oy, 5,

L)

=

q = S5 ¢ b cottﬁL1,tO;

‘Threfore,

1 1

2 -E5+b cot« ;2-;5+b cthn—ﬂ,to

n_1 LY to

1 o
=170 0%y (1) g,

- o~

The numerators of this equation may be eliminated giviag

the formula for 2 linear slope: *

;;,]-:.2+b COtxn—’T,to = I~3

M

Ln-1-°n+b COtxn—(n-ﬂ},to',

Since cotet
n-1,t. = cot« 2+ - - - S N R
O D. L] UO E.‘vC. then, -.11 42 - ..oc'z ..45 -

*n_3n+1° Zxpanding on Sn from eq.(3), and assuming homo-
feneous rock resistance along the profile, the situation
of rectilinear recgssion with changing slope may-be repre-

sented by:

:ntanmn-ﬂ,to - :n-ﬂtan“h—2,ta\\
= B ftana ol 2
‘ n-1 ?‘2’t0 - ‘n-2t“nah-5,to {10)
it} ~ i = t =
Therefore, since tanah_q,t tandﬁ_e’t tan«u—n,t
0 O 0
(since x, is” linear),
0
fp =Py g = Fpp = eee = “n-(n-1)"



.

' 4 ;

For a non-linear slope, in which tan«x

3>

tana_. ‘
£ san n—2,t0' .

n—1,to
equation 10 miy.be satisfied at-ali levels, but cannot be

on a reétilineé;-surface,'since the vertical distribution
. of wave attﬁck_is tidally éoptrolied. Slope must, therefore,
change as the platform develops such that differgnces in
taalk nay evéntually compensate for differences.in the 2
values at ech level. Aésumiug e:bdibiliﬁy'to De constant,
the platform will become nearest to horizontal where F is

- .

greatest:_ﬁt midtide level ﬁfig. 165.
i Jeveral workrs have argﬁed fer an initial dec-
line i; angles followed oy some form of =qguilibrium batween
éldpe and width (Zdwards, 1941; Chailinor, 1943). Challinor
Selisved that platforms would suffer sufficient lowsrins to
allow inconing waves 5o attack She cliff vase, unaffected

by the devélopment_of an inereasingly wide platform..Elat-

forams were, therefore, considered to underso sarallel retreat

3 o s

. -

A state of dynamic equilibrium may ~1so result from

]
(_I'
o
[®]
s
Q
M

between the rates of erosicn a2t low and high tide, whether -
or 20t 2 low tide c¢liff is present (3artrum, 1926; Juison
19395 Zdwards, 1941, 1351; Hills, 19495 Cotton, 1963; and

50, 1385).

¥l

Trennaile (1374%) explored the posgibi-ity o]

b

b

dynamic equilibrium of 2latform anrles within = baralle

b

,_J

slope retreat mcdel. Jlose relationships were found o exist
cetween platform-slope and various morphogenic factors,

such as tidal range, 'mormal' fetch, =2nd cliff height.

: <



Since thcre seems to be no reason :
_to expect inevitable or predictadlef
change with time of any of thece :
factors,. 1t is difficult’to recon-
cile such results .with the) concapt
of declining platform gradient."
(Trenhaile, 1974b, p*jﬁg);,
. -
‘Cn this basis, a parallel rectilinear slope retreat mecdel

was sugiestad which wns found to fit reasonably well o
data from the Vale of Flimorgnn, +t least within one order
ofy magnitude. y

-
[

A%t first, the two models described here may seemr
contradictory: 6negsuggestingdthat the mbde of shore clat-
form growth 1s by declining gradients; tée other suggesting
parallel rectilinear slépe retreat. They 2re not, however
incompetidble. The present model (2q.3, Ch. 3) produces a
shore platform profilg daclinin: in_grahient through time
from an initial angle. ifter =z period of time (T) a state

of

equilibrium is reached betw:en erodibili%y, w2 Ser level
frequency, gradient and the constant low tide grosioﬁ rate.
T™us, the shore rlatform profiles‘in the present simulation
‘develod from an initiél.cliff wilith decliningslope angles

until equilibrium,is attained, after which parallel recession
OCCUrS. |

This chapter liscussed the-results of simulating

shore platforms in the six study areas with respect vo

thrae 2spects: eguilibrium; the 3,/ & ratio; 2nd the validity

-

=

of a parallel retreat model in,shore platform development. &\
The next chapter will consider.the aspects of time, and com-

.
care the overall morphology of observed and simulated profiles.



- CHAPTER S3IVEN

TZ3TING DHI MODZL: PART THRSI
I 7IN: C
1T -30M23RI30N 0F OV JRaLL PORMS
III SUMMARY

I TIME - ' o=
sbsolute time predicted in the model cannot be
accepted, if only because oi'the uncertainty regarding the
values of the constants. Th§ model may, however, be capable
of suggcsfing the aprroximate time necessa>y to reach equil-
ibrium. The relafionship between bquilibriuﬁ time azad erod-
ibility and supmarine erosion values is complex. The ?ime
required to reach‘equilibrium iﬁcreases with these values.
Hirh rafes of submarine erosion cause the platform to steepen,
*thereby [rustrating its efforts to reach 2 low gradient
equilibrium state. Jlthough rapid rates of erosion are as ‘oc-
latad with high erodibility, the equilibrium profiles are
lower than those with low erodibility. Inspection of model
runs demonstrated that slopé reduction is much more rapid
when erodibility is high, but most time is expended, in
any run, igtreducing profiles whnich already have low

gradients, by the one or two degrees necessary to attain

. equilibrium. Despite their rapid erosion rates, therefore,
k

) 87

N -
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blgh °rod1b111uy Dlat;orms requlre ‘more - time to achieve
their gentle: equlllbrlum gradlents than do platforms Wlth _
low erodibility, where 3$u111br1um gradlents are steeper.
ln the case of :iuckland, for example, the hlg&nr erodlolllty
value of 0.4 em.hr -1 ~has delayed eq?;llbrlum until 4200 |
- ymars, over 100 years later than the simulation with an
L value of 0.2 cm.nr’q. Zquilibrium angle is also less
" 4here erodibility is higher, the bulk of the time being
spent in reducing the platform gradient'by one or two
degrees. Although the time necessary for equilibrium varies
according to the coastant values,.simulated pl;tforms
achieved comparable gradie:ts and widths to those in the
field within 2500 years in most cases, and within 5000
years for all but those with the highest érqdibility and.
submarine arosicn values. This suggests that sufficient
time has Dbeen available since the sea reached its present

~

level for platforms to have attained their present dimen—

-

sions, without recourse to inheritance.

.Bach simulation §<:duced its own patterns of
slope angle chaznge wﬁth time.l Jhether these reflect reality
can only be‘argﬁ;&<gn a theoretical basis since no data
exist with whicﬂ to verify the simuiated patternst As far
as one accepts the mathematical model one must accept the
1ikelihood that intermediate stages, aswell 2s final
stages, are accurately represented by the model. In spite

of the fact that every program run produced different

!. sequences of slope angle change with time, 2 crude pattern

is discernible (fig. 36). The grapn for the Isle of Man

~
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revenls some of these patterns. nOOUt mldtlde level (no. -

5) the tnend was Sor a constanu decllne in gradlent. ThlS

is presumably due to the concentration of wave energy at

that leval. Because of this concentration; or mbre accurately;

vecause of the general dissipation of energy at higher levels,

_the platform near high.tid3 initially incféasés in slobe,

declining after stablllzatlon of lowcr slope aﬂales. ;hus,
equilibrium QXlotS Tirst at the lower levels, Drogrebsln\,
level by level to hish tide. The stabilization of slcpe
angles near low tidé'&llows those in thé uppef pért of Jhe"
platform to decline. The micro-tidal environmsnt of aspe &
glives rise.ﬁé the concentfation of wave energy so that the
sradieny of mid-tide levels quickly decline, while the low.
tide zone undergoes a gentle increase in sloDPe angles.

These platforms are all intimate}y linkea with

values of the parameters in the model, thus 1% would be -

_unwise.to attemdt ©To generalise the developmental sequences

of shore platfofms frém this simulation in anything other
than an approximate manner. However, several cbnclusions
may ve drawn:

(i) Flatform gradients decline quickly at first,
taking lénger to reduce in gradient as time progresses
(see chapter six).

(4ii) tabilization of/angles (and hence of
widths) is abtained in sequence from the lowest to the
highest level.

(iii) The higher levels often increase in angle-
at first (for example, fig. 30) due to -rapid erdsidn about

midtide level. .



LT
‘-(iv) 3lope angles Lor the upper levals begin
to decrease after. ‘stabilization of the.lowe: levels,
II.JOMLnlIQOH CF OVIRALL FORNb .

Comparing the actual and simulated groups oﬁ\i

orofileg involves, firstly, recognizing the larve.amountS\
) r

ol error that must exmst wlthln both grouos (seo chaouer

Tive, séction two) .. The data sets 1nvolve one group derived
from sample populations (oho obse ved brofiles), which may
have included a mixture of sampling desizus, 2nd another
3Toup lerived from a2 single mathematical model. The two are
Aev dincompatible bub-elude simcle statistical analiysis,
3lnce 1o common assumptions exist (for exazple, homosced-
asity, 2ormality, similar parent DSopulations esc.).

~ Jomparisons may de nade, héwever, because of *he
nature of 'shore slzvform moruﬁology. ie are concernedi here
Wwilth the -3eneralised forz of platforns, rather than wish

micro-relief. Flatorms *reé composed of commonly recurring

“he existence of which is fairly easy to varily or disoute.
o - : . L
2zles, too, often fali within a narrow range of =1° and

$0 allow Zor hetter comparison with simulates Profi

-

p—t

2s.

(119

(2) 52508 _eninsuls.

the range of angles simula 2d Tor Taspé closely
resentled 2lmost 21l the profiles recorded by Trenhaile

{1978). Sroadly,

ot
oy
i

Gaspésiag *hore platform consists of
-two units: a guasi-horizontal pPlane and 2 Steel low tide

¢liff. The high tide level lies at or just above the cliff-
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platform Junculon. Thls two-unit form was c“ea ly simu-
1atad 5 the present method (flg. 30) . Whatevar the values
for the constaats, the )O° 1n1u111 slope rapidly deﬂllned
in iSs upper levels and” increased, or ?emaineq neac-ly
the sane, about Low tide. Over the plane angles Tanged
cwom 0.40 to 0.79° in the simulatioa, 0.53 to 0.32° in
reality. Simulated widths were a. ‘equally close (Dable 2).
The difference between the actual and simulated ranges of
widshs, expressed as a percentage of the actual range -
yieldé a value of 7%%. This may bg in te_pre ed as an
index of similafity'.

The alevabtion of tﬁe Gasp2 platforms.was 21s0
wall represented by the simulation, there being a fairly
narrow margzin o_ possible error Nlthln such a small tidal
range (less than +wo metres). The low tide cliff of Gasoe

nas been discussed (chapter six, secticn two) in rz2lation

o the EL / i ratic. The existence of low tide cliffs

appears 0 be due to two relationships: the dependence of

oiantform gradient on tidal range; and the control of

width by srodibility- fnen tidal range is small, resulting
in a low platform gradient, and e%odibility is fairly
nwigh, a low tide cliff resudts, its gradient being depen-
dent on the Tate of erosion at its base. This is the
situation in Gaspé. The low tidal range is represented in
the model by a veryY narrow diétribution of F values. This
distribution is so concentrated that, almost regardless

of I, and %, a gently sloping platform and low tide cliff



result.

-’

(b) V2le of Glamorgan.

In contrast £6 Faspe, the southwest coast of

Jiles s a macro;tidal enyironﬁent with wave activity

exparienced over a vertical range of elaven metres. Oﬁerall
s

platform gradients are consequently much higher tfig.

50); Over the central portion 6f the profile actual grad- ‘

ients range from 1.5 to 3.0°. With EL / A ratios from

& to 12 simulated angles were 1.% %o 3.01°. In many cases

a small low-tide cliff was produced, a product of the drop
in F,vélueé as absolute low tide is'approached. The elevation
was, 1n many instances, over a wider range amonf the
simulations than among the actual profiles. This limiting
of the‘gctual profiles is p;obaﬁly due.to structural_
influences on the location of the cliff-platiorm junction;
Simulated Glamorgan platfor; widths were similar.bo their
actual counterparis. (Table 2). ]
(¢) Isle of Thanet.

The Isle cf Thznect platforms, surveyed by .o
(1965), are notably level with gradients from Q.60 to 1.7°
being common over the central pari of . the profiles.

The Isle of Thanet represents a good example where a res-—

. triction exists on the cholce of iy / A ratios to be used

for the simulation. A range of & / & from 10 to 44 was
_ L’ - '

found to give rise to profiles close in width to the actual
form (fig. 32). However, this dlso produced platforms that
were t00 steep a2t equilibrium (Table 2) to match So's

surveys. i reduction in the ratio would have given more
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realistic slope anglest.and yet-platfbrms-that arefwiderl~
thar those in reality. - |
(d) Isle of-Mén,

| ‘The "superimposed grofiieé for the Isle of Man
(fig. 21) clearly show the diversity of platform morﬁholo-
giés in the area. The forms vary according to slope, width,
elevation, and shape. The main profile is éxtremely unlikely,
therefore, to be representative of the area's platform; in
any of these éspeccs. This eﬁormous variation in morphology
within a small érea has been‘attribut;d to inheriéance ;
(Phillips, 1970a), a discussion df'whiéh is gi#en in the
final chapter. The simulated platforms for this ares
«(fig. 34) show little correspondence with the mean profile.
In spite of the;moéels poof predictive qualiﬁies for this
group of platforms, two points are worth noting. Firstly,

the simunlated profiles are within a similar range of

-
~

.widths as the surveyed group: 5%to 130m, and 50 to 120m,
respectively. This was made possible by using a2 wide range
of £ / & ratfos (from 7 to 27) to counteract the great
variation among the actual platforms. Secondly, over the
central portion of the profile angles matched quite well,
the model giving a range from 1.71 to 3.61° correspondiﬁg
to one of 231 to 5.9° along the mean. Without further
extensive field investigation no additional hypotheses
concerning the origin of the Isle of Man pilatforms can
be made. One returns, therefore, to ~hillips's argument

concerning inheritance.
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(e) Tasiania. - |
The Tésma#ian platform samples were all inter-—
' sﬁidal, sloping features from north Biraées Bay on.the_fasman
feninsula. fidal raﬁge is about 3;5m.and:tﬁ§ prédominant‘
-wavehtype‘isAoceaﬁ §weil.:panders‘(195éa) classified the
Y platféf@s'of'the area, éeparatiﬁg sloping, intertidal
features from the hofizontal rocx ledges -at higher hish
;ater. Howéver, many df the superiﬁﬁpsed nrofiles
" are-composite feéturgé revealiﬁg 2 high water horizoatal
seétion with-a steep ramp-at the seawarl end leading teo a
sloping surface to low water level. In some céses, vlatforms
ngosée;s tWwo or three of fthese marked breaks in slope
reminiscent of a terrace-like feature. low tide cliffs
occur in many of these lacations. Elevation of the Tasmanién'
~platforms varies from 0.6 td 1.5m above mean tide level
~at the cliff-platform junctioa. 411 have sz common base
level a} low tide. Slope angles are génerally in the
narrow range of 1.8 to 2.2°, excluding the bluffs which
~may have angles up.to 90°. The simulations generated-
profiles very close to the actual with regard to gradient
(1.7 to '2.5°). In eath‘case though, platform width was over-
estimated by the .model and, further, pone of the dluffs on
the surveyed profiles, or horizontal high tide units, were
produced by the model.
t is generally éccepted that the horizontal
high water platforms of sustralasia are predominantly

features of chemical action, wave action serving only to
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remove the debris. In fhe upner parts-of'the Tasmaﬁian
platforms,_ho:izontal éections‘existTover which this.ppocéss
may be dominant. However, the lower levels of the platfo:@s_.
receive more and more wave actioh,'with ﬁ pe#k 8t mid—tide"_
level (fig; 16) . Jorrasioﬁ'aﬁd wavé quarrying.becbme of -
qfcat significance, then, as one proéresses*dogn~the platfoém
from high to low tide levels. Uecondary bluffs slonp the B
platform may well fepresent the influenpe‘of chemical and
weathering processes in the iatertidal 20né, cou?led with
geolozgical factors (Janders, 1968a). if gradient is deter-
mined oy tidal range, width may be affected by the existence
of blulfs related to the preseace of chemicél action and
Wwiter laver levellins, longside mechanical wave action.
The present model does not account fof downward erosicn

-~

by the former processes. This may explain why the simulation

reproduced only the slcpiny, intertidal sections of the
Tasmanlan dlacforas oiving a wider pilatform thazn'occurs 1n:

reality.
{f£) Luckland. ‘

The mean‘'profile. for Auckiand, H.J. was selecsed
from Healey's(1962) profiles. Healey, like Oanders, differ-
entiated the sloping, intertidal platform from the hi:zh
water solution/wzter-levelled feature. .s f{or Tasmaania,
the present simulation reprodﬁced-only those »latforms
slopingfrom 2.5m above'low water tp the low water mark
(the intertidal zone). Jlope angles were in =2 similar

range: 1.24 to 2.45° for the actunl; 1.6 to 2.6° for the
!



98 .
ksimulatéd. Agtual‘widths fell well within the rdage genera-
S2d Sv the progran :ov 1uckland (Table 2).
III UMY . :

“1e ‘time factor in thﬂs simulation of snore
olatiorm mor Dhogenesls mUsSt be treated with cautlon;
?HSOlutg time cannot he éccepted; tf only vecause 6f the
unc:rtainly regardiing values of thé'ggﬁstants. ‘he time ~
. taken to reach equilibrium was genera:ly in she field
2500 to 00C years, strgngly suggesting that su*-lclant

time has been available since the sea reached its present

o g

level for platforas <o aave attained thein pPresentg
norphologies, without recoursé o inheriténce. vomparisons
of the.simulated and actﬁal frefile shapes, elevations and
widths supported 5hisg argument.

for each ¢f the six areas surveyed nrofiles
were compared with sigulated profiles. JThe following points

summarize ghe results:

~ -
a

(i) In a gnnaral sense, both gradients and

f

widths were simulated fairly 2ccurately by the model. Iﬁ
no locution did the modelled plg%form gradients diff
b7 more than 1° from the actual raange of zngles, in many
cises the error was less than 0.3°. In most locations
Zradients were simulatsd %o 3 greater degree of accuracy:

than were the widths. imulated plz2tforz widths were,

consequently, more diverseand included more errors

(1ii) The simpler the actual profile, the more
accurate was the simulation (for example, Gaspe and fuckland).
(1ii) Processes other than wave abrasion sre of

importance in Australasia. These Processes generally give rise

-
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to horizontal

“lgh level Platforms-or blut-s.

.99

. -

Aeluher

were rep*oduced in the dresent 51malqt10n moiﬁl._

the

cllffs were,

Northern

&

however, generatad

Hemisphere.

for the-storm wave
X .
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SHAPD IR SIGHT . S

SONZLUSIONS L ,

The model described here is a mathematically

im

4]

e

le attempt vo simulate the developmeat of >latform
srofiles. e significance of tidsl durntion curves was
develonad inisinlly by drenhaile (1378) =2nd later iacor- -

soratad in « simulation model (QPremhaile and layzell, °
1978, in press). e sinplicity of the 2odel design ié
ielibérate, since it is susgested that platiorm dévelopment
Efd fovm bear a relatively simple relaticnship o the tidal
Zistridbution of.wave enercy. Nevertheless, several potential
sources of errq; may be noted. The model is coacern=d with
tha distribution of still ﬁater level within the tidal
rance, bu% storm waveg operate some'distance above this
level. This may influencs: platform elevation to some degree
nut is largely irrelevant to investigations of slope and
width._Secondly, submar%ne'erosion rates wWere considered o
nwe low and constant through time. If submarine gradients:do
decline sipgnificzntly within, the 1life of a model run, the
Submarine e=rosion rate, and consequently the erosicn rate
-t each intertidal ievel may also decline. Zquilibrium . |
profiles, therefore, may decline slowly in slope while

increasing in width in =z continual zttemdt To adjust to

_100
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the deélipe in the -submarine gradient. Relatiﬁe land/sea -
level cHaages would also necessitate similar adjustments

in platform gradient. Wwith &ontinual retreat of the'plat-'

- . *

ferm and ¢liff other changes may take pléce, such as an
increase in cliffc¢heipght which may fedtbe the rate of cliff
recession, or a change in lithﬁfbgy affecting,the erodib;lity
in either the horizontal or vertical plgné. Climatic changes

are 21150 possible, dut alkmost impossible.%o model. The )

present model mishtXopssidbly consider the effect of sub-

marine erosion in the inbtertidal zone, which is related -

to the duration of %idal inundation a2t each level (Robinson
3

1977a; Kirk, 1977).

| | ilterations could'possibiy ce made te the program
to allow for the inheritance, by a rising sea level, of a
p:éviously formed platform. In this way complex profiles,
such as those of the Isle of Man, could be modelled and a
more éccurate chronology assembled of such features. The
lack of‘aééociation hetween the simulated and actual Ddlat-
forms for %the Isle of Man strongly suggests that equilibrium
does not yet exist between wave action nnd platform mofphol—“
ogy. In this way, the present model may be used to assess
to what-extent storm wave platforms are zdjusted to the
various e;osivé processcs.;'

The mode% appears to be of limited value in areas

wh:re water-layer levellinz and chemical weathering are

~dominant, such as in Tasmenia, New Jealand and Hawaii.
] ;]

In such areas wave quarrying does occur, but.aﬁfen as a

secondary process. The model may be used in this case to
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-_cohplex, it is doubtful Whether a more.sophlstlcated

102 | T o
assesg the relative extent of mechanical, as oppqsed

- - ) ,
H-mlcql and blotlc, erosion. :

v

xl“houbh this model may be made a good deal more

orogram could improve significantly on the much simpler

aodel described here. One of the strong merits of this
model is that it allows for interactionc between process

and form. In the longterm it is the processes which govern
¢ s : _
the landforms, however, on a short-term basis forms are

olten éeen to be influencin:; orocesses. nn example of the
latter would be the dreakiag of Waveé oy friction with the
bottom. In tﬁe model'uséd here bdota types of interaction
take place: the ¥ values influence slope angles by erosion,
slo‘:)D angles in turn influence the erosion th-t takes place.
Derrzaps the greatest improvement to tThe- model
could be made in the technique for obtaining the ¥ values.
The method used here is time-coasuming and, being manual,
is open to errors. ? values are a function of the tidal
curve 2nd a plot of the reciprocal of the p=22k Fn fér each
station agéinst tidal range shqwé just how strong the
association is (fig. 5’7).'1 From such graphs it would be

-1

possible to predict Foax given any tidal range. Other F

values could be derived from the mathematical functions

.

1 There has been found to be very hish correlations between
gradient and tidal range (Ch. 2), a plot of 1/F p AR2inst
tidal range shows why. At equilibrium, tanccB = E /n.’l/.,1
(from eq. 8) thus, gradient 1s an inverse & ngtlon of the’
degree of wave concentration.
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Fig.37: Relationship between peak Fp
values and tidal ranges for the six locations.
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desc“lblng the tidal curves (Fouriar series).

'This thesis is mainly concerned w1th the equlllb—
riﬁm form of shore platforms. ”1a351cal llteraturefénd
some of more recent  vintage, would malntaln that the toplc
is esoteric, that platform geometry_is'constantly'phanging
(Jonnson, 19383 flemming, T365), that they contain elements
inherited from a period when sea level was similar %o
today's, or that sufficient time has not been available
for equilibrium to be attained, since the éca reached its
nresent level. .strong correlations between i number of )
morphological and morohogendic factors,: however, deny these
claims, sugpesting that platforms-have.already-abhievcd a
hi~h dégree-of adjustment to the forces acting on them. ’
ha thesis presented here offers-an explanation for these
empirical relationships.

The values of I, / A_wh{ch produce simulated
profiles which are most like Lhose iﬁ the field were found
to 1i: within féirly nafrow ranges. rhis, and the appérently
small effect of variation in either EL or . other than

on the local kevel, 1S evidenced by the very close rela-
tionship between platform gfédient and the reciprocal

of maximum (midtide) tidal duration, suggest that very
restrictive cond;tiohs govera the occurrence of shore
platforms. This provides supno"t for the gen:ral observa-
tion that platforms are absent where rock i3 nparticularly

resistant, or where wave activity is comparatively weak, .

but suggests that the range of suitable conditions for .
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'platform'dévélooment ig much narrower tth hns preVLouqu
been assumed. “hese restrictive conultlons appear to be
satisfiéd in ceLtaln Areas of the qwell wave und storm
_fwave environments q,_the world. [he existen01 of platférms
in Jhnluered locaticns in storm -wave env1“01ments nnd.thpir'
2dundance in some of the very sheltered cones of swell
Wave aTeas sugeests that-exposurelplays 2 subordinate
role -to geology in determining the-bccurrenée of platforms.
Simﬁlation;prograﬁs should help %o define the
rel%ti?é cpﬁtributions of factors determining shore plat-
form morphogenesis. It is only by building simple models,
such as that describved here, that iasighi can be 3alned

in%o the complexities of shore platform geomorphology.
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Derivation of the units of the erodibility constant, L
Srodibility is composed of two components:’

W .= Deep water wave energy delivered per hour.

i

R The amount of energy required to cause ‘lcm

of erosion.

v 4

2latform or submarine gradient.
Therefore,

X = Wbank
R

[}

: -1
t=.-11er;;v-.l').r__,1
energy.cl

cm.hr-q.

"

Alternatively, erosion is given by 1’.1.I.?nt:a:m’.n_,1

therefore,

F(Wtan&k) if T =1 7ra

!

-
0
o

R
cx = hrs (energy/hr.tant)
energy/cm
therefore,
cm

g

hr
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Jerivation. of the formula for each subsequent slope angle:

*an%-ﬂ‘ t, - b/e n-1 . (fig. 17)

Since b\EE constant and equals 91 4¢bm thls may be rewrltten

txr:l--’!,,t,1 = _tan‘ 91""4./0,_1_4' (See equation 8).
. L.‘:ince, - o~ ’ o»

»*

L (LC‘ o ateg)
| - o

ks,

e
b COthlto -

thls may de rewritten, _

»

| Caeq = 29 = E5 + b coxl Vg _ - . y
Therefore, from equation 8,
_ —'1f _ oo \
(xn_,l,tq = ((91.44)/(5, - 2, + 9’1.44-_cot“n_,]’to)/.

The ramifications of this feormula and equation 3 are

deals with in chapier five.
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