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ABSTRACT

The cliff areas along the Newcastle coastline cdsepan inter-bedded sequence of sedimentary roakslayers of
variable strength, weathering susceptibility anéedeintensity that exert a strong control oveffaiorphology and
erosion. Coastal cliff line instability in the Neastle region is predominantly a surface relatechpheenon associated
with ongoing erosion and degradation processesrdtian a deep-seated instability problem. Rislprigarily
associated with toppling failure of undercut saodstblocks, fretting/sloughing of less resistafftaiteous, shale and
coal horizons and erosion of accumulated soil dépo@alus). Sandstone and conglomerate rock falls
predominantly associated with loss of support dugreferential erosion of weaker less durable naseand the
presence of occasional low angle joint surfacess Phatural process has been going on for thousahgears and
typically results in localised small scale instépiproblems.

The paper discusses three documented rock faltshthee impacted on coastal infrastructure in thst fayears and
outlines the failure mechanisms involved, in paitc the role of low angle joints.

Cliff regression along the Newcastle coastline [g@cess associated with long term slope degradatiol erosion as
well as periodic localised rock fall events. Thep@aassesses the rate of long term cliff line regjom from literature
review, analysis of historical photographs, diatvey and geological interpretation.

1 INTRODUCTION

The coastline of the Newcastle and Lake Macquaa@gon includes numerous pocket beaches and rochkgldmads.
This section of the coast trends in a general sauat$t to north-east alignment and is fully exposedpen ocean wave
conditions with a relatively narrow and deep coatital shelf.

The active cliffs that we now observe along the Nastle coastline have assumed their present fotynsimce the
Holocene marine transgression brought the seastpriéisent level within the last 6500 years. In ganthe cliff
sections of the coastline are characterized byga hide shore platform (Bird, 1976) that typicalpmprises high
strength, durable sandstone.

The overall slope of the coastal cliffs from toeci@st ranges from about 4% 75 with localised flatter benches
associated with the more erodible siltstone, taff aoal materials and steeper scarps associatbdheitmore resistant
sandstone and conglomerate materials. Maximum hidgh the order of 70 m.

The climate along the Newcastle coastline is tgplifby a maximum average temperature of about 25%0mmer and
a minimum in winter of about®@o 10 with average yearly rainfall of about 1100 mm ¢®e@man and Oliver, 1995).

The coastal cliffs of the Newcastle area occur olyaamic coastal environment where exposure tchéish marine
conditions results in erosion and cliff regressibhe coastal morphology is a product of both maeresion and sub-
aerial processes with the propensity for erosionook materials and associated cliff regressioateel to rock mass
lithology and structure.

Cliff line instability is primarily a surface phem@non related to ongoing erosion and degradatioogsses rather than
deep-seated instability. Risk is primarily asstada with toppling failure of undercut sandstone ckk
fretting/sloughing of less resistant shale/coaiwrs and erosion of accumulated soil (talus). Haisiral process has
been going on for thousands of years and typicaBylts in temporal, small scale and localisechinifity.

2 GEOLOGY

The rocks exposed in the coastal cliffs in the Nestle and Lake Macquarie are Permian Age (apprdgisn@60
million years old) sedimentary rocks of the Newta€toal Measures.

The main structural feature is the Macquarie Syiectiomprising a broad open fold with a north wesvitinear axis.
To the south of the Shepherds Hill area, the sifttions occur on the eastern flank of the Macgqudyincline with
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gentle dips of typically 1to 3 to the south west (into the cliff). A smaller stiwral feature, the Shepherds Hill
Anticline, influences the dip of rock strata in tRewcastle to Bar Beach area. The anticline stnikerth west with dips

of typically 1° to 3 to the south west and north east (parallel tcctifieline). In general the rock strata exposedhia
cliffs is near to horizontally bedded with somedbsed variations associated with faulting and d&pmal erosion
features (washouts and slumps).

A feature of the Newcastle region is the frequeotyear vertical orthogonal joints trending genlgrabrthwest and
northeast with a maximum about 300320 and 020 - 045 (Moelle et al., 1986). The northwest direction @&gilel

to the major faults and dykes. These joints ocauraaegional basis but there is significant locatiation in joint
directions. The alignment of the coastline follaws general strike of the dominant 020° - 0{tBAt set.

Jointing is more intense in the weaker finer grdieedimentary rock (claystone, shale, siltstonecarad) and becomes
more widely spaced with increasing grain size. tJgpacing in the sandstones is typically 0.5 m.@rh and several
metres to tens of metres in the conglomerates.iffhence of joint systems on rock mass instabilitgthe Newcastle
region has been described by a number of autha@sufpy, 1985 and Moelle et al., 1996).

Joint infilling of grey clay material has been fauby Adamson et al. (1987) commonly in sandstore @lay infill
can occur up to 50 mm thick and include intrudegk@us materials (basalt and tuff). The clayey limfiaterial can
contribute to slope failure (Adamson and Moelle380

The regional stress field is characterised by Highizontal stress with respect to depth. Stresssoreaents from
underground mining operations indicate high to vieigh horizontal stresses with respect to depth andlatively
balanced horizontal stress field, which are indéeatof overburden removal by erosion. Coal rankdigtsi have
indicated that up to several kilometres of overkurdnaterials have been removed by erosion in théogeal past.
This in conjunction with the region's relativelyghi horizontal stress field is a factor in the witgnof existing rock
mass joints along the coastal escarpments.

As well as variable strength, the rock types extabhighly variable durability. The sandstone andgtomerate rock
types are the most resistant, however they undeugace spawling of grains (sand and pebbles). fiftee grained
siltstone and shale rock types are less resistaht@n exposure, undergo fretting involving thealbidown into small
blocky units which accelerates the rate of clay thedng. The tuffaceous claystone rock types typidaave a high
percentage of swelling clay and on exposure ofteather to a highly plastic clay material.

Soil profiles are poorly developed along the dd#éictions and usually involve a thin cover of clageif weathered from
the underlying rock or an accumulation (wedge)rahs$ported clayey and gravely materials on lowgleaslopes or
bench features. Some small scale localised rotdtiastability (slumps) can occur in these soil ofts, particularly in
association with heavy rainfall.

3 COASTAL PROCESSES AND MORPHOLOGY

Coastal processes occurring along the cliffs ine@vbalance between erosive forces and resisticesoThe erosive
forces are controlled by the weathering breakdoWthe exposed rock materials with the principal ragef erosion
being wave action, wind, rainfall and marine aelospray and splash. The resistive forces areaeltt rock strength
and structure.

Weathering involves both chemical and mechanicatgsses usually operating in conjunction. Chemiezdthering
involves the processes of hydrolysis (clay mindoaimation), oxidation (formation of iron oxides) drsolution
(removal of carbonate minerals). Mechanical or ptatsveathering involves the following mechanisitigermal stress,
salt crystallization, swelling and shrinkage ofychainerals on wetting and desiccation.

Salt crystal growth in rock interstices can leadsteesses. The evaporation of sea aerosol, spis@ash in the
interstices of porous rocks like sandstones andloomerates can lead to granular disintegrationwtpg) of the rock
surface.

The inter-bedded sequence of sedimentary rockshich layers of variable strength, weathering spgbéity and
defect intensity occur in the cliff face, exertsstiong control over cliff morphology and erosionheT principal
mechanisms involved in the formation of the exitififf morphology are:

. preferential erosion by sub-aerial or wave actibless resistant layers (siltstone/shale, claystooal)
resulting in undercutting and loss of support far more resistant higher strength sandstone and
conglomerate layers which form blocks along exgstiefects.

»  fretting/sloughing of less resistant shale, claystand coal horizons
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e accumulation and erosion of soil deposits (talls)@bench features.

Undercutting of resistant rocks by erosion of uhdeg softer beds and layers is a major erosionat@ss that creates
very rugged cliff profiles and contributes to rap&hression of cliffs. The variation in rock typeger short vertical
distances and their contrasting mechanical and ida¢mproperties are responsible for this type afsern, which is
very prevalent in the Newcastle region (Moelle dheln-Jones, 1995). Undercutting and removal of aipglso
occurs in sandstone and conglomerate units threugbion of weathered materials by salt crystalbsatind wind
blown sand, resulting in angular and irregular roekrhangs and opening of joints.

Siltstone, where exposed, undergoes preferentiatheeing resulting in a surface layer of fretted bosened material
generally in the order of 200 mm to 200 mm thick.

The presence of loose blocks results from the ogeof rock joints associated with stress relieiiyfjanfill expansion,
salt crystallisation and root growth and the remafasupport by preferential weathering of undentyisiltstone or
weaker layers or general erosion of the rock mass.

The role of the existing vegetation cover (in pat@r Bitou Bush) in providing slope stabilisatialong the cliff lines

is critical, particularly across the flatter berarieas where the more erodible materials are exp@$edroots and lower
branches of the Bitou Bush provide a dense mateffiettively binds the loose superficial soilsl(ftalus and fretted
siltstone / coal) and provides catchment and reteraf rock fall materials. Where vegetation cov&@mot present,
active erosion occurs. Bitou Bush is registered asxious weed, however its removal from the coatithsections of

the Newcastle coastline could have a major impadtliff erosion.

4 CLIFF LINE INSTABILITY

Slope instability in the Newcastle regions is uguassociated with the presence of thin low shé&@ngth tuffaceous
claystones layers that are inter-bedded with ceahs that often act as aquifers. Sliding usualplires translational
movement along the sub horizontal claystone beddilages. The cliff sections do not appear to beegsly
influenced by this form of slope instability as yhere generally well drained and the rock mateti@lsind the face are
not significantly weathered.

Mass movement occurring along rocky coasts is of foimary types: falls, topples, slides and flowke occurrence
of these types of instability depends on geolodiaeators such as rock type and structure and geoiea factors such
as rock strength and durability.

Modes of mass movement identified along the coatiffd of the Newcastle area comprise:

e Toppling failure of competent sandstone and camgi@ate blocks due to erosional undercutting of weak
strata and / or adversely orientated (low anglig)t$o The size of potentially detachable sandstork
conglomerate blocks is variable, ranging from aliblitm to 5 m in size.

*  Shallow rotational / planar sliding in weak rockasa (claystone, siltstone) where the exposed saitias
weathered to a soil strength veneer.

. Rotational sliding and flow of soil and debris dsji® accumulated along flatter sections or benof#ise
cliffs.

There is a strong correlation between high raingattnts and the above forms (particularly the tast) of coastal
instability in the Newcastle area.

The above modes of instability are surface phenamelated to ongoing natural erosion and degradatiocesses in
the harsh coastal environment rather than a dempdednstability problem. No deep seated instabitias been
documented in relation to the coastal cliff linksywever deep seated translational sliding has deeamented by Fell
(1995) at number of locations in the Newcastle kd_®Macquarie area where massive conglomerate awnétdie coal

and tuffaceous claystone materials. So this meshanif instability cannot be discounted along thastal cliff

sections where this sequence occurs. The authondtad features suggestive of past large scalsl&i@onal (block)

sliding in areas where high conglomerate cliff Egtd overlie claystone and coal at or near sed (@atherine Hill

Bay and Redhead areas).

The dominant form of cliff line instability is tofipg failure of sandstone / conglomerate blocks.thAs cliffs are
undercut, high tensile stresses develop in thelyimgrrock mass eventually leading to surface ciraglor the dilation
of existing joints behind the cliff face. After fhier weathering and softening of the undercut yeommonly
following a period of intense rainfall, the centrfegravity of the overhanging mass shifts, jointevgressures build up
and eventually block toppling occurs.
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Evidence of past instability in the form of rocKl fdebris can be observed at the base of all cbabthlines of the
Newecastle region. There are a number of speciiesaf cliff instability that have been documerded three of these
are discussed in Section 5. In general the doclederdses of cliff instability occur in areas ofatelely high public
exposure and not along the undeveloped cliff sestidVhilst such incidents may be observed by régthefmen, the
evidence is generally removed by storm events.

To the author’s knowledge, no cases of cliff ingigbwere documented as a result of the 1989 Netle€Earthquake
(5.6 Richter scale).

5 ROLE OF LOW ANGLE JOINTS IN ROCK FALL INCIDENTS

Rock falls along the Newcastle coastline occurhim inore competent jointed sandstone and congloenesak units
which are generally defined by near vertical orthag joints and sub-horizontal bedding surfaces.

This paper highlights the occurrence of adverselgntated and often hidden lower angle (i.€’ #b7C) joint defects
that occasionally occur along the Newcastle coatifllines. Whilst these “rouge” joints are liketo be infrequent,
they can have a localised detrimental effect orsthbility of rock faces as illustrated in the #hiemse studies presented
below.

As the location of these joints cannot be religiilgdicted or observed, a conservative approaduyisined in assessing
the stability of rock slopes.

5.1 SHORTLAND ESPLANADE — SOUTH NEWCASTLE BEACH

A rock fall occurred on 280ctober 2002 at about 6 am during a dry weatheogeNo-one directly witnessed the fall
and no-one was injured. The large joint definedamgular sandstone block was estimated af &m0 nf in volume
and approximately 20 tonnes. The block comprisedierately weathered sandstone of estimated mediutrigto
strength. The block came to rest on the footpathrandway at the crest of a 7 m high seawall legaaim impact crater
about 2.5 m by 2.5 m in area and 0.5 m deep indhd pavement and cracks in the asphalt pavemeésenairng each
side from the crater a distance up to 10 m.

The rock fall originated in a sandstone unit lodatalf way up the cliff face, about 15m in elevatabove the roadway
with an overall slope angle of about®Hom the rock fall zone to the roadway.

Inspection of the rock fall area from an elevataarkwvplatform noted that the sides of the failure defined by two
planar side joint planes dipping at°7® 80 ° with clay infill 10 mm to 30 mm thick. The rearifo surface is an
irregular to curviplanar plane dipping down out tbe cliff face, with the upper half of the surfad&ping at
approximately 80 and the lower part at aboutsfd 55. The rear joint surface has localised zones of tiéll and
extremely weathered rock up to 100 mm thick.

Photograph 1, 1a: Rock fall at Shortland EsplarattkEsource zone.

A siltstone layer occurs at the base of the sandsbtock with fretting of the outer 100 mm formiagiry crumbly soil
material. The base area of the sandstone rocksdmbearing on the siltstone layer appeared to haga about 2.9 m
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wide by 0.5 m to 1.1 m deep. Erosion of the sitisthhas undercut the sandstone scarp up to 0.7 dagth in the
adjoining sandstone block to the north.

The rock fall mechanism appears to have involvaapliog (rotation) failure. The key contributing facs are the
presence of an adversely orientated hidden joiriase inclined at about 8Go 55 at the rear base of the block that
significantly decreased the base area of the sameldilock that was supported on the underlingtsiits layer and the
progressive erosion and fretting of the siltstdtds mechanism is illustrated in Figure 1.

Sandstone
block

Observable
joint
surface >

Hidden surface

______________ ¥—_ undercutting
< > <« .
siltstone
Base area Base area
lost due to available for
hidden joint support

Figure 1: Sketch lllustrating Effect of Hidden 3iodn Block Base Area.

It is considered that the block had been presettidrcliff face with a factor of safety close toityrfor years and that
only minor erosion / crumbling of the siltstone dagas necessary to upset the balance.

The presence of similar large sandstone block$eawbserved in the surf zone below the seawalgesting that large
rock falls at this location are not an uncommonuo@nce in the geological time scale.

5.2 BOGEY HOLE ROCK FALL — KING EDWARD PARK

A rock fall occurred overnight on the 180 19" September 2003 during an extended period of digthee. No-one
directly witnessed the fall and no-one was injur€de rock fall originated in a sandstone layer ribarcrest of the
south-east facing slopes located directly aboveBibhgey Hole (convict excavated baths in the coasiel platform).

The slopes are up to 20 m to 25 m in height wittadable sloping / stepped gradient with localisteeper near
vertical faces in the upper sandstone unit.

The rock fall appeared to have involved dislodgrmedfre sandstone wedge up to 1.5 m in size froomglesilocation.
The block split into three main rock fragments (%0 1 m in size) during the fall trajectory witlagments coming to
rest near a picnic table, half way down the staithe baths and in the middle of the baths.

Inspection of the rock fall source area was unétertawith the rock fall comprising a wedge defingdthe following
joint surfaces (as looking at cliff face):

. Right side — planar joint striking 9@&nd vertical with clay coating / infill.

. Left side —irregular to curviplanar joint strikirgpproximately 150and dipping at about S@own out of the
cliff face with clay infill.

. Base surface at the junction of the above two $oirfitess than about 0.3 m thick.
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Photograph 2, 2a: Rock fall at Bogey Hole, sloperaiew and rock fall fragment.

The rock fall wedge occurs in the middle of thedstane layer and does not appear to be associdtedveak siltstone
/ tuff materials. Localised opening of sandstorekrjoints can be observed along the crest of tifie cl

The rock fall mechanism appears to have involvexpling of a wedge formed along intersecting joifitee primary
causative factors are:

*  Open joints with clay in-filled surfaces (commoress relief feature),
*  Adversely orientated joint surfaces in particuldow angle joint surface inclined at 58nd
. Loss of base support through progressive erosidheo$andstone.

The rock fall appears to be a natural cliff erosocess associated with the presence of a samdatedge formed
along an inclined intersecting joint surface thas progressively lost base support through erasfitine sandstone.

5.3 SUSAN GILMORE BEACH

Access to Susan Gilmore Beach was via a concréfsvpg with wooden stairs leading down to the bedchock fall
from the cliff face in May 2001 during a periodlaavy rainfall resulted in rock fall debris demblizy the stairway as
shown in Photograph 3.

The rock fall involved toppling failure of sandseorock estimated at about 16 from the cliff face about 5 m above
the top of the stairs. The rock fall debris ran aabut 10 m onto the gentler slopes below the base cliff.

The sandstone layer comprises moderately weatheoédwith sub-vertical joints typically spaced &at 0.5 mto 1
m with a slope gradient of about®hat overlies inter-bedded siltstone and coal @ased with the Dudley Coal seam
and sloping at a gradient of abouf 4&hove the pathway and stairs.

No evidence of erosional undercutting was notedgtbe base of the sandstone layer in the adjouliffgsections and
no evidence was noted in a photograph of the telifén in 1998 (Photograph 3b).

Access to the rock fall source area was not availdbis considered that the rock fall can beilaiied to:

e The presence of a limonite stained planar rock @imface that is inclined down out of the clifEéaat about
60° and orientated sub-parallel to the cliff face.

e Water pressure within the rock joints during heeainfall.

. Progressive loss of rock mass strength associatbdomg term coastal weathering processes.

No irregular drainage features or concentratiosusface catchment were noted in the area abovaithee.
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Rock fall at Susan Gilmore Beach

Photograph 3, 3a:
Rock fall and source area on left (2001) and aefarb
failure above (1998).

6 CLIFF LINE REGRESSION

Long term erosion and cliff line regression is thenulative result of both ongoing breakdown andiem of the soils
and rock together with small scale temporal in$tgbévents such a rock falls and slides. The héiZezm long term
cliff erosion is in relation to the progressivedaxf utilizable property, loss of public amenitydaisk of rock falls.

Cliff regression is essentially an episodic andal@ed process associated with both long term sttggradation /
erosion as well as short term storm induced eroaimh instability associated with wave, rain and dvaction. The
actual erosion rate is the average value of thession distance over a short period of time duvitwich the actual
erosion is actively occurring. The actual erosiateris usually significantly greater than the |degn erosion rate
where the length of time under consideration idcfy 10 to 100 years. Erosion rates documentedeoorded in
sedimentary rock from around the world are pregkimeTable 1 and show a wide range of long ternsierorates.
These values are averaged over periods ranging ¥ram6000 years and over a certain long shoramtist of coast.

Table 1: Recorded Cliff Line Regression Ratesadi®entary Rock (Sunamura, 1992).

Location Rock Type Erosion Rate | Interval Method
(mmlyear) (years)

Sturt Point, Victoria Siltstone 17.5 6000 survey
Sturt Point, Victoria Sandstone (arkose) 9 6000 veyr
Point Peron, Perth Limestone 0.2-1 9 Steel pegs
Kuji, Japan Cretaceous sandstone 10 6000 surveys
Ngapotiki, New Zealand Conglomerate 3500 29 Airtpho
Yorkshire, England Shale 9-20 1-60 Erosion met@aps
Leucadia, California Claystone and sandstone  @®@- 50 5 Nails
La Jolla, California, USA | Cretaceous sandstone -0 Dated inscriptions

Sandstone and shale 10 - 200 39 photos
Sunsets cliffs, San Diego, Cretaceous sandstone | 12 75 photos
USA siltstone

Long term cliff line regression rates in the Newitmaarea have been assessed based on historioedsé@hotographs,
survey records and the relationship between cuwkffitine morphology and the geological time sealith details
presented below.
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6.1 HISTORICAL REVIEW

A qualitative assessment of cliff line erosion otlee past 100 years has been undertaken by corgpdifhprofiles
and features from historical photographs to thegme Two examples are presented below.

A photograph of Newcastle Beach taken in 1907 eugis the presence of a pathway leading down tbeheh above
the present skateboard park. Fence poles for tthevps can be observed on the present day cliffelsas the remains
of a bitumen pathway surface. Assuming a path wadtbout 1 m to 2 m gives an erosion rate of alautto 2 m in a
period of 90 years (10 mm to 20 mm per year).

A photograph taken in 1907 in the picnic area belbes vertical sandstone cliff at South Newcastladeshows a
bracket on the sandstone rock face for wire cabiles.same bracket is present today and thereap afgabout 90 mm
between the bracket and the rock face where theeHas eroded exposing the metal dowels suppotimriacket. This
indicates an erosion rate of 1 mm per year for et sandstone rock faces subject to sub-aeratheeng erosion.
Examination of sandstone rock footings and blocKl warrosion elsewhere indicates an erosion rate nfore
permeable sandstones of up to 3 mm per year wéthitiher strength less permeable sandstones asezkpa the rock
platforms eroding at rates of less than 1 mm par.ye

Moelle and Dean-Jones (1995) note that cliff limes®n rates indicated by undercutting of a railvliag between
Glenrock lagoon and a railway tunnel through thffischt Merewether are in the range of 1.5 m to enitvan 4 m over
approximately 50 years (i.e. 30 mm to 80 mm per)y&hallow mine workings in the Victoria Tunnel &&eam with
total extraction (goaf) occur in close proximitythe coastal cliffs in this area and this is likedyhave an effect on the
rate of cliff regression due to opening and loosgrif rock joints within the angle of draw of therkings.

6.2 SURVEY ASSESSMENT

The number of old small scale survey plans in tlevdastle area that show the location of a permasteatture
relative to a cliff edge is very limited. Assessinehcliff line regression based on comparing a soeed set back of a
permanent structure from a cliff edge relative e tistance as scaled from old maps, was undertaké&obby's
Lighthouse and the corner of Watt and Ordnancee&tr&lewcastle.

The lighthouse, signal station and original dwejirwere constructed at Nobby's Headland in abobi7.18n undated
survey plan at a scale of 1 inch to 10 feet shdweddcation of the cliff edge relative to the stures. At three locations
the crest of the cliff was measured to have regoeds0 m to 1.2 m relative to the location showrtlt@nsurvey plan. A
cliff regression rate of about 10 mm to 15 mm aryaapears to be appropriate for the closely joirdad bedded
siliceous tuff rock at this location.

The surveyor D.W. Maitland installed a road aligminpost in 1864 at the corner of Watt and Ordnabireets. A
1:475 survey plan by the Department of Lands Lithpyic Branch in 1896 shows the benchmark locabedia3 m
from the crest of the cliff. The present cliff lilelocated about 0.5 m to 1.0 m from the surveykmahis suggests the
cliff crest has regressed 2 m to 2.5 m in the 186t years giving a cliff regression rate of abdlit@n to 25 mm a year
in the conglomerate and pebbly sandstone matexfaling the crest of the escarpment.

6.3 GEOLOGICAL ASSESSMENT

The Newcastle coastline is characterised by hot@anck platforms that extend up to 80 m out frima cliff bases.

The rock platforms have formed on the more resistad higher strength sandstone layers since theckloe marine

transgression some 6500 years ago. The platforne foamed and widened where the rate of landwandien of the

cliff exceeds that of the sandstone rock platfofime erosion / regression rate of the high stresgtidstone rock that
forms the rock platform is likely to be significhn{at least an order of magnitude) less than tlesien / regression
rate of the cliff comprising inter-bedded layersvafiable strength.

Shore platforms at relatively high levels have begarpreted in various ways. Cotton (1963) notet tn south-east
Australia they are only generally submerged ungeng high tides or under storm waves with the tvidf the “storm
wave” platforms a function of the relative ratesfraint and rear regression. Fairbridge (1961) alatd-and Frankel
(1989), suggest that the shore platforms are thdymt of wave abrasion at an earlier phase of thiedéne marine
transgression when sea levels were slightly hitfean present.

The width of the rock platform beneath high cliféfictions (> 30 m height) at Shepherds Hill, Bar Bedderewether
Beach and Burwood Beach is typically 60 m to 80Assuming that the platforms have formed under ingdagtatic sea
levels during the last 6500 years (Thom and Rog5).9estimates of the rate of cliff line regressiture to preferential
erosion above a resistant sandstone layer can te asafollows:

. Minimum regression rate of about 10 mm per yeanmssg nil erosion of the rock platform.
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. Maximum erosion rate of about 2 mm per year fordgdwedstone platform gives a maximum regression rate
of about 15 mm per year for the cliff sections.

6.4 RATE OF LONG TERM CLIFF REGRESSION

Rates of cliff line regression are highly variabled actual measurements are very limited. The hifitiaof erosion
rates depends on factors such as wave exposuestiefiness of sub-aerial weathering processes, tyk rock
structure and cliff height. The rate of long teriiff &ine regression for the Newcastle coastlineagsessed from various
methods is presented in Table 2.

Table 2: Rates of Cliff Line Regression — Newea&ibastline.

Method Location Rate (mml/year) Comment
Historical Newcastle Beach, Boglel -40
Hole, Merewether.
Lloyd Street 30 - 80 Mine subsidence effects?
Survey Nobbys 10-15 Direct survey
Watt Street 20-25 Direct survey
Geological Rock platforms 10-15 High cliff areas
Rock platforms Up to 25 Low cliff areas
Rock surface Newcastle Beach, Dixpad -5 Erosion rate of sandstone
Park, seawalls exposures

In general the correlation between the various odshs good with a long term cliff line regressiate in the order of
10 mm to 25 mm per year (1 m to 2.5 m per 100 yeapplicable for the higher inter-bedded cliff sess of the
Newcastle coastline.

Factors that may result in an increase in theohtdff line regression above the typical rateswh in Table 2 are:

*  Sea level rise resulting in direct wave impachatthase of the cliffs. The cliff sections are farge degree
protected by the sandstone rock platforms, howaméncrease in sea level would result in greatesien of
weaker coal and siltstone / shale seams that oftear along the base of the cliffs.

. Mine subsidence features (localized).

. Scour associated with storm water discharge (Iped)i

*  The National Parks and Wildlife Service have lisBitbu Bush as a noxious weed and its removal fiioen
coastal escarpments in the Newcastle area could davajor impact on the rate of cliff line erosion.

It is widely accepted that a world wide sea levet iis likely to occur during this century due tolzal warming with a
sea level rise of about 0.5 m to 1 m widely notedhie literature. This is considerably higher thiae average global
sea level rise of 1 mm to 2 mm per year thoughtawe occurred over the last 100 years (Warrick @ademans,
1990).

In a geological context, the projected rise in @l is not unusual. During the last 250,000 yearany sea level
fluctuations of up to 100 m have resulted from @glbeand eustatic (tectonic) origin. The most redsrat rapid rise of up
to 100 m in sea level (up to 10 mm per year) dutiregHolocene marine transgression some 6500 ggarsSince then
sea levels have remained relatively stationarfipalh some minor fluctuations have been recorded.

Most of the attention associated with sea level hias focused on beaches and coastal lowlandsa kegel rise of in
the order of 1 m will greatly influence rocky cagsin particular areas such as the Newcastle ao@stivhich is
characterised by horizontal shore rock platformsisa in sea level may bring about submergenc@egkisting rock
platforms resulting in a temporary landward shifthe shoreline.
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