Structures and
defences

There is a small residential area at Gunwalloe, which is fronted by a
small seawall. Extensive coast protection structures (revetments
and walls) have been built at Porthleven, and this has reduced the
supply of sediment to the beach.

Historical and
future shoreline
evolution

With the given information it is not possible to describe, with
certainty, the behaviour of this coastal process unit. The linearity of
the coast, in an otherwise highly irregular region, suggests that this
four kilometre frontage is behaving in a coherent way, through some
interaction. The erosion of the western cliffs, where allowed to
occur, clearly releases sediments from the head deposits. These are
apparently carried eastward to what would be, in the absence of the
barrier, the flooded valley of the Cober. The barrier, which was
presumably crossed the valley as a spit, passes material to the
eastern cliffs, and also to its crest and lagoon side. Given sea level
rise and the eroding cliffs, barrier retreat would be expected.
However, Futurecoast reports that the seaward edge of the barrier
has not changed in the last century. This may be due to its recovery
following the cessation, in 1882, of forced breaching, which had
reduced its width.
The relatively low volume of the beaches on the eastern side of this
system suggests that shore recession is regulated by the shore
platform, and its response to wave loading. However, the
straightness of the coast across the barrier suggests interaction.
The most likely mechanism is that beach sediments transported
from the west provide localised differential protection to soft areas
along the cliff, compensating for irregularities in the rock strength.

3.4.3

Porthleven to Marazion

S14 –
Porthleven to
Marazion

Picture:
Perran sands at
Perranuthnoe
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Description

The coast between Porthleven and Marazion faces south-southwest
and is relatively exposed to Atlantic Storms; although this exposure
diminishes towards the west. It is a rocky coast, largely comprised of
hard cliffs fronted by rocky shore platforms. It also includes beaches,
the largest of which is Praa Sands, which is approximately 1.3 km
long, and is a popular tourist destination. There is also a smaller
tourist attraction at Prussia Cove. This is mainly a rural coast, with
villages at Praa Sands, Perranuthnoe and Marazion. At Marazion the
frontage is more developed and is very popular with tourists, in part
because of its proximity to St Michael’s Mount.

Geology and
physical
controls

A series of heads and points demarcate bays that range in size from
the very small to around 1.5 km. The largest, between Rinsey Head
and Hoe Point, contains Sydney Cove and Praa Sands. The shore
platform between Perranuthnoe and Marazion is particularly wide
and is featured by a set of rocks; most notably The Greeb (Figure .
The geology of the area is composed mainly of Mylor Slates, with
some harder Metagabbro and Metadolerite in places,

Geomorphology

The coastline is quite irregular, and beaches of various sizes have
formed in the embayments. In addition to Praa Sands, beaches are
also present at Kenneggy Sands, Perran Sands and Marazion. Praa
Sands is backed by low head cliffs, which are widely covered by
climbing sand dunes. Some erosion problems have been
experienced at its eastern end and the Areas Benefiting from
Defences project (Royal Haskoning, 2006) reported relatively low
defence crest levels. At its western end it has formed a small cove
(Syndey Cove) behind Hoe Point. A stream flows across the beach
here. The beach is composed mostly of sand, although cobbles and
boulders are present at the western end. It is likely that the beach is
not entirely generated by local erosion. The beach is understood to
be highly mobile. SMP1 suggests that there may be an offshore
reservoir of sediment, which exchanges material with the beach,
although this could not be established.
Perran Sands is divided into two halves by a small headland at the
west end of Trebarvah Cliff (as illustrated in Figure 3.22). The
western half, which is backed by head overlying Mylor Slates, is
composed of sand, gravel and locally derived cobbles. The eastern
beach overlies harder Metagabbro and Metadolerite, is steeper and
composed of old cobbles. SMP1 attributes the change in the beach
to greater resistance of the bedrock and superficial geology along the
eastern half. The eastern shore platform may also be too high to
maintain a beach. Whatever the reason, sand seems to be more
stable in the western half.

Wave climate

The south to south-west facing nature of the coastline dictates that
the coastline is wave dominated and exposed to open Atlantic swell
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waves. It is however a little less exposed than the shoreline further to
the east along the Lizard Peninsula. Futurecoast (2002) states the
annual 10% exceedance wave height as being 2.0 -2.5m, but this is
likely to decrease towards the west.
Current erosion
and flood risks

There is erosion of the Head deposits at Praa Sands, Perranuthnoe
and in other discrete locations towards Marazion.

Sediment
dynamics

The SMP1 concludes that the shore between Rinsey Head and
Marazion is vulnerable to erosion, and this is probably the source of
sediment to the Mounts Bay area (Royal Haskoning, 2007). In
addition bedrock Mylor slates are likely to be the source of the gravel
sediments.

Structures and
defences

There is a slipway at Perranuthnoe, which is defended by a
substantial armourstone revetment. The cliffs on either side of this
defence continue to erode. There are few properties at risk.
There are some discrete lengths of rock revetment at Praa Sands.
There are a series of concrete and masonry walls and revetments
which defend the shoreline (principally from erosion) at Marazion.

Historical and
future shoreline
evolution

The cliffs and rock platform throughout this frontage experience slow
erosion with actual rates varying dependant upon local geology. The
bedrock geology is generally resistant to erosion, and it is only the
head deposits that display any notable retreat.
The head cliffs and dunes at Praa Sands will undergo toe erosion
and retreat, maintaining the beach width and supply of material, as
sea-level rise drives a retreat of the foreshore. The beach here is
likely to maintain its overall form whilst undergoing limited retreat
over the coming century. Elsewhere, the limited beach deposits will
be largely stable, although they may exhibit some retreat under the
influence of sea-level rise (Futurecoast, 2002).
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3.4.4

Longrock
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S15 –
Longrock

Picture:
St Michael’s
Mount

Description

This coast includes St Michael’s Mount and extends to Penzance
Harbour (see Figure 3.23). It fronts Longrock, Chyandour and the
eastern corner of Penzance. A medieval castle and church are
situated on the Mount, with the remains of a Twelfth Century
Benedictine priory.
The mainland is quite developed for residential, industrial and
commercial uses. Both the A30 and the mainline railway run along
the coast. The coast also fronts a heliport and an important wetland
habitat, Marazion Marshes.

Geology and
physical
controls

Mylor slates form the dominant bedrock geology. Harder granite
forms St Michael’s Mount and some of the shoreline rock outcrops.

Geomorphology

The mainland foreshore is an extensive beach composed of sand
with a gravel barrier. The Mount is a large granite hill that becomes
an island at higher stages of the tide and is otherwise shoreconnected via a causeway.

St Michael’s Mount is an important physical control on the coastline.
It acts to trap sediment on its western side and provides some
shelter from the wave climate to the Marazion frontage.

The beach at Longrock has formed at the mouth of an ancient
infilled river valley, which now contains the Red River. The beach is
backed by low-lying land, particularly between Red River and the
stream at Chyandour. The Marazion Marshes have formed close to
where Red River discharges into the sea. The marsh sediments are
both alluvial and reworked head deposits. The western part of the
marsh has been reclaimed.
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The foreshore and nearshore are quite gently sloping, particularly in
the west. The nearshore includes a constellation of rocks, most
notably Long Rock, the Cressars and Ryeman.
During at least the last nine centuries St Michael’s Mount appears to
have undergone extensive erosion. Its Cornish name Carrack Looz
en Cooz, which translates as ‘The gray rock in the wood’ describes
a strikingly different setting to the current one. At the time of Edward
the Confessor, the monastery located on the mount was surrounded
by between 200 and 250 acres, compared to only 30 today
(Cracknell, 2005). The erosion of this land may have been one
source of the current beach material.
Wave climate

This coastline is relatively sheltered from the dominant westerly
Atlantic wave climate due to the sheltering effect of the Penwith
Peninsula. Although it receives less wave energy than the coastline
to the east of Marazion, it still displays a wide sandy intertidal area in
common with much of the high energy Cornish coast and it does
periodically receives large amounts of wave energy during storm
events which originate from due south and the south east.

Current erosion
and flood risks

Erosion and narrowing of the beach foreshore in response to sea
level rise may occur due to the constraints of the almost constant
defences present at the back of the beach.
There are erosion and stability concerns associated with both the
causeway and the western harbour arm of St Michael’s Mount
(Royal Haskoning, 2007).

Sediment
dynamics

Sediment transport is primarily wave driven. The weak residual tidal
currents of Mounts Bay have relatively little affect on transport,
although they may contribute toward a slight net eastward drift
(accumulation of sediment on the western side of St Michael’s
Mount and its causeway supports this view). Most transport is
therefore across the shore face and varies in response to seasonal
variations in the wave climate.

Structures and
defences

As a consequence of its value and because it is low lying, Marazion
Marsh is extensively protected with various defences against both
erosion and flooding. These include seawalls, revetments and
bunds. In addition the natural dunes have been raised and
reinforced with Marram Grass, although they are not extensive.
These low lying marshes are drained, and discharge to the sea
through flap valves. Some of these are in a poor state of operation
and there is some saline intrusion as a result (Royal Haskoning,
2007).
A masonry and rock armour revetment defends the railway line
which cuts through Marazion Marsh and then travels along parallel
to the coast as it runs into Penzance.
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Historical and
future shoreline
evolution

A trend of low-water zone retreat is recorded for this beach, resulting
in intertidal squeeze, due to the stabilisation of the backshore
(Futurecoast, 2002).
It is likely that over the next 100 years, intertidal squeeze will
continue due to the constrained nature of the backshore. Narrowing
of the beach will result in a reduction in effectiveness of the
defences. Overtopping of defences and periodic inundation of the
Marazion Marshes is possible.
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3.4.5

Longrock to Penlee Point

S16 –
Penzance and
Newlyn
(Longrock to
Penlee Point)

Picture:
Defended shoreline
at Newlyn

Description

This coastline faces east-south-east into Mounts Bay, and so is
relatively protected by the Penwith Peninsula. It includes the frontage
of Penzance, Wherry Town and Newlyn, and includes the harbours
of these locations. In addition to urban developments these areas
benefit from the tourist industry, various commercial activities and the
fishing industry. There is also a quarry (Penlee) located at Skilly.

Geology and
physical
controls

As a consequence of defences, the cliffs, which are composed of
Devonian sandstones and slates, are quite inactive. There are also
head deposits both overlying and forming the cliffs. Both rocky and
sandy foreshores are present.
Rocky outcrops on the foreshore are important physical controls on
the shape of the beaches within this area, particularly along the
Wherry Town frontage.

Geomorphology

Generally the foreshores become less steep towards the north.
Futurecoast comments that the beach here is entirely intertidal,
becoming submerged at high water. This suggests a paucity of
sediment or low rock platforms.

Wave climate

The wave climate is relatively low energy, with the frontage being
sheltered from all but the largest of the westerly Atlantic swells.
Large swell of 5m+ will refract around the Penwith Peninsula and
produce waves of limited height along the Newlyn and Penzance
frontage. The infrequent but occasionally severe storms from the
south-east can however produce nearshore wave heights exceeding
4m (Hyder, 2002).
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Current erosion
and flood risks

The very constrained nature of the shoreline is causing some
narrowing of the intertidal area and ongoing coastal squeeze is likely
to be an issue for this area.
South-easterly storms have previously caused overtopping and some
structural damage along the promenade areas of Penzance, Wherry
Town and Newlyn.

Sediment
dynamics

The beach to the south of Newlyn Harbour has accreted strongly,
suggesting a northerly sediment transport potential from Penlee
Point towards the harbour. In the areas free of defences the beach
sediment is coarse (>2cm) and so is only mobilised by larger waves.
SMP1 suggests little alongshore sediment movement within this unit.

Structures and
defences

Development of this area has resulted in extensive structural
protection of the coast, including breakwaters at the two harbours
and linear defences at Newlyn, Wherry town and a revetment south
of Newlyn harbour (the harbour is illustrated in Figure 3.24). The
Penlee quarry is also protected with a masonry seawall. In addition
there is an open air swimming pool (the Jubilee Pool) protected by a
wall at battery Rocks.
The Areas Benefiting from Defence project (Royal Haskoning, 2006)
found the defence crest elevation in Newlyn harbour to be very close
to extreme water levels.

Historical and
future shoreline
evolution

The extensive defences present have stabilised the majority of this
frontage over the last century. Where cliffs have been free to erode
they display only slow retreat. Beach sediments have been lost from
the beach fronting the Wherry Town area, with a subsequent
reduction in the area of drying beach at low water.
Maintenance of the defences throughout the frontage will prevent the
erosion of the cliffs, reducing sediment inputs to the fronting
beaches. This, combined with ongoing sea-level rise, is likely to
result in some narrowing of the foreshore (Futurecoast, 2002).
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3.5

Penlee Point to Lands End

Penlee Point
Mousehole
Land’s End
Lamorna

Figure 3.25

Penlee Point to Lands End

Figure 3.26
Bedrock geology and seabed sediments between Penlee Point and
Lands End (from Futurecoast)
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The predominant bedrock is granite (as illustrated in Figure 3.26), which has a capping
of head material. This generally forms a steep slope over a near vertical cliff. The
hardness of the shore platforms means that they respond very slowly to wave attack and
sea level rise. As a consequence they tend to be steep.

Figure 3.27

The small harbour of Lamorna, fronting a steep sided valley

Cornwall and Isles of Scilly SMP2
Appendix C

71
Review of coastal processes

Final Report
February 2011

3.5.1

Penlee Point to Lands End

S17 –
Penlee Point to
Lands End

Picture:
Porthcurno

Description

The final section of the south coast of Cornwall, from Penlee to
Lands End (see Figure 3.25), is essentially rugged, rocky and
sparsely populated, with a few undeveloped pocket beaches (such
as Porthcurno, above). The shoreline turns from facing south-east,
towards Brittany, to south west, towards the Atlantic.
The largest settlement here is the defended harbour village of
Mousehole; there are also small communities at Lamorna, which has
a small harbour, Boskenna, Penberth and Porthcurno.
This region is mainly used for agriculture and nature conservation,
however tourism is also important, particularly at Mousehole, Lands
End and Porthcurno, which is close to the Minack open air theatre. In
addition to the attractions of Lands End this region has typical tourist
infrastructure.

Geology and
physical
controls

The predominant bedrock is granite (as illustrated in Figure 3.26),
which has a capping of head material. This generally forms a steep
slope over a near vertical cliff. The hardness of the shore platforms
means that they respond very slowly to wave attack and sea level
rise. As a consequence they tend to be steep.

Geomorphology

The cliffs are generally around fifty to seventy metres high, but are
lower in some locations, including Mousehole. Their retreat has
resulted in shore-detached bedrock islands around this coast,
generally close to headlands. The cliffs are intersected by deeply
incised valleys, for example at Lamorna (Figure 3.27) and Penberth
Coves. Here sand beaches have formed where small rivers cross the
coast.
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Wave climate

The dominant waves are Atlantic wind waves and swell from the
west to south-west, Futurecoast estimates an annual 10%
exceedance significant wave height of 2 to 2.5 m. The more westerly
part of this coastline from Gwennap Head to Lands End is very
exposed – to the east of Gwennap Head the south facing coastline
receives slightly less wave energy.

Current erosion
and flood risks

None significant, although there may be some risk to properties at
Lamorna in connection to the poor condition of the harbour
structures.

Sediment
dynamics

The tidal range in this area is approximately 3.5 m. The Futurecoast
project studied the currents driven by these tides and concluded that
they are typically less than 1 m/s and drive no significant sediment
transport.

Structures and
defences

There is a small harbour structure located at Lamorna Cove and
larger harbour walls at Mousehole

Historical and
future shoreline
evolution

The very slow, gradual erosion of the hard granite cliffs
demonstrated historically is very likely to be observed over the next
100 years, with no significant loss of cliff and no significant change in
shoreline position.
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4
4.1

ISLES OF SCILLY
Isles of Scilly

Process Unit: Isles of Scilly

Maypole

The Garrison

Old Town

Figure 4.1

St Marys

The Isles of Scilly are located to the south-west of Lands End and separated
geographically from mainland Cornwall by approximately 40km of open sea. Late
Carboniferous wrench faulting running 155 degrees to 335 degrees around 10km
offshore of Lands End (BGS, 1990) also separates them geologically from the mainland.
This geographical distance that separates the islands from Cornwall (and the significant
depth of water in between) dictates that there are no physical process links with the
mainland. Therefore although being addressed within the same SMP, Scilly needs to be
treated as an entirely individual area. It does have some characteristics in common with
the mainland – these mainly relate to the high wave energy climate and the resistant
geology type. Sediment links between the islands themselves are limited – the main
influence and control they exert on one another is the shelter they provide against
extreme offshore wave heights from certain directions.
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There are over 140 islands and islets within the archipelago. Most are small and
uninhabited. This process unit includes the five populated islands within its assessment,
i.e. St Mary’s; St Martin’s; Tresco; Bryher and St Agnes (see Figures 4.1 – 4.4).
Geomorphological Behaviour
The Isles of Scilly are a geographically defined archipelago. The Islands themselves are
a result of the weathering of a granite batholith (an intrusion of the Devonian deposits
from around 270 million years ago), which rises from the sea floor at a depth of around
70 metres to 50m AOD on St Mary’s. The single rock type has generally produced a
uniform morphology, although there is localised variation within the islands comprising
resistant headlands, small sheltered bays, sandy pocket beaches and accumulations of
wind blown sand.
There are superficial deposits of unconsolidated head material, (locally known as ‘ram’)
overlying the granite on most of the Islands. Around the shoreline, there are commonly
occurring low cliffs (2-3m high) formed from the ram. Coastal processes and weathering
easily erode this unconsolidated material and this helps to form low vertical cliff faces
around many of the coves and beaches.
All the islands are, to varying degrees, subject to a very high-energy wave climate,
commensurate with their exposed location in the north Atlantic. There are however more
sheltered zones within the archipelago where the accumulation of fine sand has
occurred leading to the formation of significantly sized beaches.

Round Island

St Helen

St Martin’s
Higher Town

Eastern Isles

Figure 4.2

St Martin’s
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Bryher

Tresco

Samson

Figure 4.3

Tresco and Bryher
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Human intervention
The mostly resistant geology means that there is limited coastal defence intervention
around the coastline of the Isles of Scilly. A number of structures exist in and around
Hugh Town on St Mary’s, where there are seawalls and a revetment on the Porth
Cressa frontage and seawalls along the back of Town Beach. There is also a large
harbour Pier on the west of Town Beach, sheltering much of the town frontage.
Elsewhere on Tresco, Bryher and St Agnes there are a number of short lengths of
seawall, revetment and embankment generally associated with the protection of low
lying areas from flooding and erosion. There are no specific defence structures on St
Martin’s. There are a number of short slipways and jetties which cross the shoreline on
all the populated islands.
The extraction of sand and gravel has traditionally been carried out on the foreshore
throughout the islands and this remains ongoing at The Bar on Bryher and Bar Point on
St Mary’s (Futurecoast, 2002).

Annet

St Agnes

Western Rocks

Figure 4.4

St Agnes
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Future Shoreline Behaviour
The Isles of Scilly have a primarily hard, rocky coastline with a highly indented form due
to the large number of granite headlands and nearshore islands creating local areas of
shelter, resistance and entrapment of sediment. The granite exposures will remain
resistant to erosion dictating a general stability in the form of the coastline of the islands,
helping to maintain the general form and behaviour of the coastline over the next
century. However the lower-lying intertidal areas will be more sensitive to increases in
sea level and any increase in wave energy received at the shoreline. These areas will
become more vulnerable to overtopping, overwash or breach. Beaches that are
constrained by the defended or developed nature of their backshore and immediate
hinterland may be subject to erosion of the shoreface, lowering of beach levels and loss
of intertidal area.
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4.1.1

St Mary’s

IoS1
St Mary’s

Picture: Storm
waves at Porth
Cressa

Description

St Mary’s is the largest of the granite islands that make up the
archipelago of Scilly. The main settlement on the Island is Hugh
Town. Tourism is extremely important to the island and features of
historical interest, such as the Garrison located on the western
shore, add further value to the high natural landscape qualities.

Geology and
physical
controls

St Mary’s is formed from the single granite rock type present across
the whole archipelago. Although the single rock type has produced a
uniform type of morphology around St Mary’s coastline, control is
exerted on most of the beaches by small outcropping granite
islands. Examples of these are Taylor’s Island and Newford Island
to the north and south of Porthloo Beach; Rat Island to the northwest of Town Beach and Tolls Island to the north of Pelistry Bay.
These features provide shelter to the shoreline from waves from
certain directions and actively encourage the entrapment and
accumulation of sediment in their lee, forming tombolos (sand spits),
which join them to the shoreline.

Geomorphology

St Mary’s is created from two granite outcrops, joined together by a
sand spit (tombolo) upon which the principal urban area of Scilly,
Hugh Town, is located. Parts of Hugh Town sit at or below mean
sea level. Elevations at the coast reach 30-40 metres in the northwest part of the island.
The coastline of St Mary’s consists largely of rocky foreshore
fronting cliffs and slopes. There are numerous sandy pocket
beaches such as at Town Beach, Porth Mellon, Porth Hellick and
Porthloo, located in the less exposed areas and these are generally
backed by small areas of dunes, although these are absent where
development has encroached onto the upper beach face.
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The most exposed sections of the coastline display sections of
granite cliff, scoured free of the superficial deposits and overlying
ram which are associated with the more sheltered areas. There are
also sections of wave-cut granite platforms and examples of shingle
and cobble beaches backed by low ram cliffs, together with resistant
granite outcrops.
Wave climate

St Mary’s is extremely exposed to Atlantic waves and swell from
westerly, southerly and easterly directions. It is sheltered from most
north-westerly waves. The annual 10% exceedance wave height is
likely to be around 3.0 - 3.5m. The wave climate is extremely
influential in all aspects of risk assessment at the coastline.

Current erosion
and flood risks

The most obvious risks are to the low-lying settlement of Hugh
Town. Historically flooding has occurred across the Hugh Town
isthmus, generally driven by wave overtopping from the Porth
Cressa side.
Because the isthmus is essentially a sand spit, high water levels can
encourage percolation through the sandy substrate and can cause
flooding via drains and sewers, even in the absence of wave action.
The outermost defensive (military) walls of the Garrison are at risk
due to gradual erosion of the fronting cliffs.
Risks from wave overtopping also exist at Old Town Bay and
Porthmellon Beach.

Sediment
dynamics

The pattern of sediment transport around St Mary’s tends to be from
north to south (Futurecoast, 2002) in response to tidal currents.
Wave energy drives transport from the west and east – this can tend
to counteract the tidal current transport. There is however generally
no dominant direction of net movement, due to the Islands exposure
to waves and currents from all directions.
Locally, sediment tends to be moved onshore in response to both
wave and tide forcing. This tends to be in the form of larger coarser
particles, while finer sediments tend to be moved offshore and lost
to the system, due to the high-energy environment (Futurecoast,
2002).

Structures and
defences

The northern tip of St Mary’s, Bar Point, has a significant sub-tidal
bar (Crow Bar) extending out from it in north-westerly direction. This
bar is a focus for nearshore wave and tidal transport.
A number of defence structures, including seawalls, embankments
and revetments are located at the back of beaches around St
Mary’s. Several of these schemes were put into place following
severe winter storms and flooding/erosion that occurred during
1989/1990.
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Historical and
future shoreline
evolution

Given the location of the islands, sea level rise since the last
glaciation period has played a huge role in dictating the present day
shoreline elevations and position. On going sea level rise has
continued to cause the retreat of the MLW line on the beaches and
several of the outcropping islands mentioned above actually used to
be small headlands, but have become slowly submerged as sea
levels have risen.
The future evolution of the shoreline is likely to be a continuation of
the historical trend; however the process is likely to become less
gradual as sea level rise accelerates. The capacity of many of the
beaches to continue to absorb sea level rise (as they have done in
the past) will reduce as critical slope values are reached, with the
retreat of MLW and the constraint of the shoreline in locations such
as Old Town and Porth Cressa.
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4.1.2

St Martin’s

IoS2 –
St Martin’s

Picture: St
Martins, from the
west

Description

St Martins is the most northerly of the populated Isles of Scilly. It is
surrounded by numerous smaller uninhabited islands and islets;
particularly on its western and southern flanks. Its population is
small, with three areas of residential development existing at Higher
Town, Middle Town and Lower Town, along the south-western shore
of the island.

Geology and
physical
controls

St Martin’s is composed entirely of granite, with overlying blown sand
and head (ram) deposits. Prominent headlands exist around the
island at The Porth, Cruther’s Hill and St Martin’s Head.

Geomorphology

The shoreline of St Martin’s is largely composed of rocky foreshores
fronting granite cliffs and slopes, along with a number of sandy
beaches. . The northerly facing coastline is mostly craggy cliff while
most of the beaches are located along the much more sheltered
south-west shoreline. Coastal cliff elevations reach 30-40 metres on
the north coast.

Wave climate

St Martins is exposed to waves and swell from the north-west, north
and north-easterly directions. It is very sheltered along its south and
south-west facing shorelines – subsequently this is where beaches of
fine sediment have become well established. The annual 10%
exceedance wave height offshore of its north coast is likely to be
around 3.0 - 3.5m.

Current erosion

Higher Town beach can be vulnerable in high spring tides / surges,
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and flood risks

but flooding has not been recorded in recent years.
Some minor erosion risks exist on the northern coastline, including
the western end of Middleton Beach.

Sediment
dynamics

There is generally no dominant direction of net movement, due to the
Islands exposure to waves and currents from all directions. However
net accumulation of finer sediments is evident along the sheltered
south and south-western shores where significant beaches have
formed.
Locally, sediment transport on the north coast is likely to be onshore
in response to both wave and tide forcing. This tends to be in the
form of larger coarser particles, while finer sediments tend to be
moved offshore and lost to the system, due to the high-energy
environment.

Structures and
defences

There are currently no sea or coastal defence structures located on
St Martins.

Historical and
future shoreline
evolution

The natural tendency for the island’s beaches will be continued
retreat of the low-water position, resulting in reduction in the width of
the beach. This process will also continue to isolate shoreline hardpoints as offshore rocks as their link to the mainland retreats. The
narrowing foreshore will increase the exposure of the backshore and
the probability of erosion/breaching during storm events. At Higher
Town Bay it is possible that a new tidal inlet could be formed as the
backing lagoon may create a sufficient tidal flow to maintain the
breach (Futurecoast, 2002).
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4.1.3

Tresco and Bryher

Ios3 –
Tresco and
Bryher

Picture: Tresco &
Bryher, looking
north-west

Description

Tresco and Bryher lie close to one another to the north-west of St
Mary’s. Numerous uninhabited islands and islets, including one of the
large uninhabited islands, Samson, which is renowned for its
archaeological interest, surround them. New Grimsby and Old
Grimsby are the principal areas of residential development on the
island of Tresco, though there is no motorised vehicle infrastructure
on.
Bryher is more exposed than Tresco. Its sheltered eastern shoreline
has extensive sandy areas fronting populated areas at The Town,
Green Bay and Kitchen Porth.

Geology and
physical
controls
Geomorphology

Both islands result from of the presence of the granite batholith from
which the whole Scilly archipelago formed.
Tresco is the most sheltered of the inhabited islands, being only partly
exposed to waves and swell from the north, north-west and partly from
the south-east. Subsequently, Tresco displays extensive lengths of
sandy beach backed by dune areas. The most northerly part of the
coast is formed of rocky foreshore and granite cliffs and slopes.
Bryher lies directly west of Tresco and is far more exposed to the
dominant westerly Atlantic wave climate along its north and western
flanks, which display resistant granite cliffs and slopes, fronted by
rocky foreshores. Its sheltered eastern shoreline has extensive sandy
areas fronting lower-lying areas. Some sandy beaches also exist on
the western side of the island at Great Porth and Popplestone Bay.
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Coastal elevations on both islands reach 20-30 metres along the
cliffed sections.
Wave climate

Tresco is mostly sheltered from the extremes of the Atlantic wave
climate along all but its northern facing shoreline. Bryher exhibits more
exposure, particularly along its strongly indented west coast. The
annual 10% exceedance wave height offshore to the north-west is
likely to be around 3.0 - 3.5m.

Current erosion
and flood risks
Sediment
dynamics

Some flood risk is associated with Hell Bay, on Bryher.
There is generally no dominant direction of net movement, due to the
exposure to waves and currents from all directions. Net accumulation
of finer sand and sediments is evident along the sheltered shores of
Tresco, along its east, south and west coasts, where significant
beaches have formed. Bryher displays beached along its sheltered
east coast.
Locally, sediment transport on the north coast is likely to be onshore in
response to both wave and tide forcing. This tends to be in the form of
larger coarser particles, while finer sediments tend to be moved
offshore and lost to the system, due to the high-energy environment.

Structures and
defences

Tresco has defences in place at New Grimsby (rock armour
revetment) and Appletree Bay, to prevent erosion affecting properties.
Defences exist in several areas on Bryher, all are designed to prevent
erosion of the sand dunes (and hence prevent flooding of the lowerlying hinterland).

Historical and
future shoreline
evolution

The rocky coast frontage is likely to remain generally resistant to
erosion over the coming century. There is likely to be occasional
erosion of the low head cliffs during severe storms, but this will not
result in significant retreat. The shingle and cobble beaches are likely
to maintain their overall form although there may be some limited
retreat due to ongoing sea level rise (Futurecoast, 2002).
The more sheltered beach areas may undergo some retreat as sea
levels rise. Some localised erosion of the beach face and dunes may
occur, with net loss of sediment offshore, though this may be limited
along the lower energy, sheltered shorelines.
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4.1.4

St Agnes and Gugh

IoS4 –
St Agnes & Gugh

Picture: St Agnes & Gugh (from St Mary’s)

Description

The most southerly of the inhabited Isles is St Agnes. Immediately to
the east lies Gugh, a smaller island that is considered along with St
Agnes as they are linked by coastal processes. The main
settlements on St Agnes are Higher Town and Lower Town.

Geology and
physical
controls
Geomorphology

As with all the islands, the geology is granite, with head and sand
accumulations present in some areas.
It is largely characterised by rocky foreshores, granite cliffs and
slopes, with limited areas of sand deposition around the Periglis
Cove, Porth Conger and Porth Killer areas. Coastal elevations reach
20 metres along the western shoreline.
St Agnes and Gugh are partially joined by a sand bar that forms
across the narrow channel running between them in the vicinity of
Porth Conger. It is covered at high water but forms a causeway at
low water.

Wave climate

St Agnes is very exposed to the Atlantic wave climate from most
directions, although uninhabited islands and islets lying to the west
provide some shelter from straight west swells. . The annual 10%
exceedance wave height offshore is likely to be around 3.0 - 3.5m.

Current erosion
and flood risks

There are erosion and flooding concerns in the vicinity of the Big
Pool in the north-western part of the island. There may be
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implications for the island’s water supply if the area were to become
inundated.
Sediment
dynamics

Sediment accumulations exist around Periglis Cove, Porth Conger
and Porth Killer. There is generally no recognizable net trend for
sediment transport, due to the exposure to waves and tidal currents
from many directions.
Periodically the sand bar between the islands is washed away
during storms but it re-forms during calmer periods in the same
position.
Locally, sediment transport is likely to be onshore in response to
both wave and tide forcing. This tends to be in the form of larger
coarser particles, while finer sediments tend to be moved offshore
and lost to the system, due to the high-energy environment.

Structures and
defences

There are a number of discrete lengths of revetment and
embankment located at the back of the beaches in the
aforementioned lower-lying areas.

Historical and
future shoreline
evolution

The rocky coast is largely stable with either resistant granite
platforms/cliffs, or head cliffs sheltered from wave action by the
fronting beach/platform (Futurecoast, 2002). Some of the beaches
have displayed a retreat of their MLW positions due to sea level rise.
Future tendencies will be for a continued stability of the rocky cliff
and intertidal areas, with only slow, gradual erosion and weathering
occurring. The sandy beaches may experience some narrowing of
the intertidal areas due to coastal squeeze effects produced by the
continuation of a retreating MLW position and the constraint of the
upper beaches by defences or development.
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5
5.1

NORTH COAST
Lands End to St Ives Head

Process Unit: Lands End to Clodgy Point
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Clodgy Point
St Ives

Portheras Cove

Cape Cornwall

Gwenvor
Whitesand Bay
Lands End

Figure 5.1

Lands End to Clodgy Point coastline

Geomorphological behaviour
This Unit comprises a large proportion of the hard, erosion-resistant granite cliffed coast of
West Penwith. It is very exposed to the dominant Westerly Atlantic wave climate and
weather systems, yet this coastline has seen very little change over a timescale of decades
to centuries.
This low rate of change is entirely dictated by the resistant nature of the dominant granite
geology (see Figure 5.2). There is little intertidal area, with much of the cliff line going
straight into deep water, though areas of rocky shore platform are present. The steep subtidal profile is generally devoid of sediment, though there are some areas of sand deposits
close to the shoreline and gravel deposits are present further offshore (see Figure 5.2).
Over geological timescales, the coast has been deeply incised by small steep sided stream
and river valleys and there are infrequent small sandy coves (such as at Portheras Cove)
established at the mouths of these valleys (see Figure 5.1). Small coves have also been
created due to presence of fault lines and local occurrences of less resistant geology.
The only significant accumulation of marine sediments within this unit is at Whitesand Bay,
comprising the beaches of Sennen Cove and Gwynver (see Figure 5.3). There is little in the
way of wide-scale sediment transport interactions along this coastline. The little sediment
that is generally present is moved onshore and offshore in response to temporal variation in
the wave climate.
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Figure 5.2

(from Futurecoast)

Geology and offshore sediments of the Penwith Peninsula
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Figure 5.3

Whitesand Bay
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Human Intervention
There is little sea defence or coast protection within this stretch of coastline. Those present
are discrete lengths adjacent to access points to the coves.

Figure 5.4

Portheras Cove

Future Shoreline Behaviour
Future tendencies for the behaviour of this coastline are likely to reflect those historical, very
gradual rates of change. Therefore very little change would be expected across this unit over
the next 100 years, although the Whitesand Bay frontage is likely to display a greater
likelihood of some response to rising sea levels. As a whole, this coastline will display
resilience toward climate change, with the possible exception of Whitesand Bay - this is
discussed in more detail in Section 5.1.1.
This Process Unit has been split into the following two Shoreline Behavioural Units: Lands
End to Aire Point (Whitesand Bay) and Aire Point to Clodgy Point. These Units are described
in the following two Sections - 5.1.1 and 5.1.2.
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5.1.1

Whitesand Bay

N1 –
Whitesand Bay

Picture: Whitesand
Bay

Description

Whitesand Bay is the only significant bay with sand depositions in
the form of beach and dunes in the Lands End to St Ives Head
process unit. Tourism and agriculture are of primary importance to
the local area. Whitesand Bay includes some areas of
archaeological interest. The small fishing village of Sennen Cove,
which is situated at the far southern end of Whitesand Bay, is the
only settlement of note.

Geology and
physical
controls

Located between the headlands of Dr Syntax’s Head at Land’s End
to the south and Aire point to the north, the geology of this area is
hard resistant granite, with overlying sand deposits in Whitesand
bay itself. The geology controls the evolution of this section of coast
through its resistant nature which dictates changes in the plan
shape of the shoreline, rather then headlands controlling sediment
movement.

Geomorphology

Whitesand Bay contains the wide sandy beaches of Sennen Cove
and Gwynver and the steep dunes behind them. Futurecoast (2002)
classifies these as climbing dunes which cover the low head cliffs
that run behind the beach. Trevedra Cliff is a very steep section of
dune overlooking Gwynver beach. The hinterland quickly rises to
elevations of 90 – 100 metres behind the dunes. The centre of the
beach displays cobbles and a rocky, wave cut platform at the base
of the dunes due to the bedrock granite being exposed at this point
(Figure 5.3). Two small streams flow down from the coastal slope
and through the head cliffs at Carn Towan and Gwynver.
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Wave climate

Whitesand Bay faces due west and is very exposed to the dominant
Atlantic westerly wave climate and weather systems.

Current erosion
and flood risks

Some erosion of the head cliffs has been occurring historically due
to the very high energy wave climate, but flood risk is low, due to
the rapidly rising topography and low-density population.

Sediment
dynamics

Sediment is derived principally from historical erosion of the cliffs
and offshore marine shell sources. The Bay is generally swash
aligned in response to the dominant shore normal approach of the
waves. There is thought to be little in the way of net longshore
transport in either direction, although Futurecoast (2002) suggest a
possible north-easterly drift.

Structures and
defences

There is a seawall defending Sennen Cove at the far southern end
of Whitesand Bay, but the rest of the unit is undefended.

Historical and
future shoreline
evolution

The beach and dunes are thought to have undergone little change
in the past 100 years. The cliffs will continue to erode very slowly
due to coastal processes and weathering. It’s likely there will be
very little net change in the overall shape of the coast and position
of the shoreline over the next 100 years.
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5.1.2

Whitesand Bay to Clodgy Point

N2 –
West Penwith
Cliffs
(Whitesand Bay
to Clodgy Point)

Picture: Engine
House of cliffs at
Pendeen

Description

This local unit covers the coastline from Sennen Cove to St Ives
(Clodgy Point). The shoreline frontage of this unit consists almost
exclusively of deeply incised rugged granite sea cliffs. The
immediate hinterland is almost exclusively used for agricultural and
livestock purposes and reaches elevations of between 50 and 100
metres close to the shoreline, along most of the frontage.
There are no settlements of any significant size adjacent to the
coast. St Just lies around 1km east of the coastline in the southern
part of the unit. Well-preserved mine engine houses on the cliffs at
Pendeen form part of the World Heritage site. Numerous other
archaeological sites are located along the cliff line of this unit.

Geology and
physical
controls

The very resistant granite cliffs along this stretch of coastline control
evolution of the shoreline. A number of prominent headlands exist
but none exerts particular control on the shape of the coast through
their position.

Geomorphology

The shoreline frontage of this unit consists almost exclusively of
deeply incised rugged granite sea cliffs. Very occasional pocket
beaches occur in coves at Portheras, Porthmeor, Treen and
Porthglaze, where small streams enter the sea through steep sided
valleys.

Wave climate

The coastline faces from west around to north and is extremely
exposed to the dominant Atlantic wave climate and weather
systems.
There are no significant erosion or flood risks within this area.

Current erosion
and flood risks
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Sediment
dynamics

There are only very limited inputs of cliff-derived material into the
coastal sediment cell in this area. Futurecoast (2002) reports a
potential for northward transport of material but this is unlikely to be
significant. Material derived locally from the cliffs is either retained
within the infrequent small coves or is lost offshore. There are no
wider-scale interactions with adjacent coastline units.

Structures and
defences

Small scale, discrete sea defences exist where shoreline access is
provided, such as at Priest’s Cove, Cape Cornwall.

Historical and
future shoreline
evolution

The very resistant granite cliffs along this stretch of coastline exhibit
very little contemporary or historical recession or change. This is
unlikely to change over the next 100 years and as such the
shoreline position is likely to remain fairly unchanged.
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5.2

Clodgy Point to Godrevy Point (St Ives Bay)

Process Unit: Clodgy Point to Godrevy Point

Godrevy Point

Clodgy Pont
St Ives
Porthminster Beach

Gwithian Towans

Carbis Bay

Hayle Estuary

Figure 5.5

Clodgy Point to Godrevy Point coastline

Geomorphological Behaviour
This unit effectively comprises the deeply concave St Ives Bay. The area is underlain
principally by sedimentary rock (Devonian slates) although the settlement of St Ives is
perched upon the north-eastern edge of the Penwith granite extrusion. It is from this granite
that the resistant headlands of St Ives Head and Porthminster Point are formed.
The great majority of this frontage displays a wide, shallow-sloping sandy intertidal area (see
Figure 5.5). Much of the intertidal area in the central and eastern part of the Bay is backed by
extensive dune fields (the Towans). Godrevy at the north-east end of the Bay has around
500m of head cliffs which are actively eroding.
The western end of the Bay around St Ives is comparatively sheltered in relation to the far
eastern end at Godrevy. Atlantic swells from the west become increasingly refracted toward
the western end of the Bay. Futurecoast (2002) concludes that Godrevy Point and St Ives
Head provide key controlling functions within the Bay (see Figure 5.5), however the general
presence of Clodgy Head and the Penwith Peninsula provide the shelter (and therefore
control) for the western end of the Bay from the dominant westerly wave climate. St Ives
Head provides further shelter locally to St Ives Harbour, Porthminster Beach and Carbis Bay.
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St Ives Head separates Porthmeor beach from the rest of the St Ives frontage (see Figure
5.5). Porthmeor is considered as part of this Process unit as it has more characteristics in
common with St Ives Bay than the coastline to the west of Clodgy Point. There are also
possible sediment links and in management terms ‘the Island’ is a key feature as it acts to
influence the retention of sediment for all of the St Ives frontage beaches.
The Hayle Estuary (formed from the River Hayle and River Angarrack) discharges into the
southern-most part of the Bay (see Figure 5.8). There are significant sediment interactions
between the Estuary and the open coast of the Bay. The Bay itself is generally considered to
be a closed sediment cell. These issues are discussed and described in more detail in
Sections 5.2.2 and 5.2.3.

Figure 5.6
Geology and offshore sediments of St Ives Bay, showing bathymetry
(from Futurecoast)
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Human Intervention
This unit has been heavily managed and modified around the St Ives and Hayle Estuary
areas. Present day management decreases toward the eastern end of the Bay. Historically
there has been a high level of extraction of sediment from the dunes, beach face and
estuary. There have also been significant historical inputs to the sediment cell due to the
areas industrial mining past. Inputs occurred via both the Hayle Estuary and the Red River
(at Godrevy). All these localised considerations are discussed in more detail in sections
5.2.1, 5.2.2 and 5.2.3.
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Figure 5.7

St Ives
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Figure 5.8

Hayle Estuary

Future Shoreline Behaviour
The complex variation in the nature of the backshore and immediate hinterland within this
unit dictates that there are likely to be different responses to coastal forcing in different parts
of the bay. Those frontages that are heavily constrained will display greater sensitivity to
climate change than the more naturalised areas. St Ives Bay is generally very characteristic
of a high energy coastal environment, dominated by waves and wind and importantly
displaying a sediment rich, wide and dissipative intertidal area - as such it is equipped to
cope with the pressures of rising sea levels and increasing storminess. The localised
response to climate change is discussed in more detail with Sections 5.2.1, 5.2.2 and 5.2.3.

This Process Unit has been split into the following three Shoreline Behavioural Units: St Ives;
St Ives Bay; Hayle Estuary. These Units are described in more detail in the following three
Tables.
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5.2.1

St Ives

N3 –
St Ives

Picture: St Ives
town and beaches

Description

St Ives is located at the far western end of St Ives Bay. It faces
mostly east to north-east. There is much historical infrastructure
(harbour walls, quays etc.) associated with the fishing industry,
however the primary source of income to present day St Ives
comes from tourism, recreation and hospitality. A major feature of
the town is the Tate St Ives Gallery, located just above Porthmeor
Beach.

Geology and
physical
controls

The bedrock geology is principally granite, giving way to Devonian
slate cliffs towards Carbis Bay. The rocky headlands, which
separate the beaches, are resistant and hold the beaches in their
current positions. The ‘Island’ is an outcrop of rock joined to the
main St Ives frontage by a narrower neck of rock that tends to
entrap large amounts of sand (Futurecoast, 2002). Clodgy Point
and Porthminster Point exert control on sediment movement to the
north-east and south-west of the frontage.

Geomorphology

This unit contains all of the beaches, harbours and cliffs of St Ives,
from Clodgy Point to Porthminster Point. This includes the sandy
beaches of Porthmeor, Porth Gwidden, St Ives Harbour and
Porthminster.

Wave climate

Despite its sheltered location, the main St Ives frontage is
vulnerable to large Atlantic swell conditions from the west and
north-west, due to wave refraction around the Island (St Ives Head).
The Porthmeor Beach frontage faces north-west and is the most
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Current erosion
and flood risks

exposed area.
Flood risks exist due to wave overtopping and run-up during large
west to north-westerly storms.

Sediment
dynamics

SMP1 reports that the beaches of St Ives are composed of 80%
marine shell sources. There are believed (Futurecoast, 2002) to be
continuing contemporary sources of material available to the
beaches. The beaches appear to behave independently of each
other with little other than onshore-offshore movement of sand in
response to changes in the wave climate. Annual re-profiling of the
beach at Porthmeor is undertaken to move sand back down the
beach profile toward MLW (Penwith DC, February 2009). This
accumulation of sand is due to movement by waves and wind, due
to Porthmeor’s more exposed nature.

Structures and
defences

The majority of this unit’s shoreline is developed; with defences and
harbour structures present along much the frontage. Sea walls are
present behind all of the beaches.

Historical and
future shoreline
evolution

There has been little contemporary change in the shape and
position of the shoreline. Due to the constrained nature of the
shoreline, there is a potential for coastal squeeze to occur in
response to rising sea levels and increased wave energy over the
next 100 years. Continued supply off material from offshore may
offset these impacts to a degree.
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5.2.2

Carbis Bay to Godrevy Point (excluding Hayle Estuary)

N4 –
St Ives Bay
(Carbis Bay to
Godrevy Point)

Godrevy Point

St Ives
Porthminster beach

Gwithian Towans

Carbis Bay

Hayle Estuary

Description

This local unit covers the coastline from Porthminster Point to
Godrevy Point. Essentially this is the majority of the concave St Ives
Bay. The settlements of Hayle and Carbis Bay are the most densely
populated within this unit. Carbis Bay is located on high ground
back from the shoreline but much of Hayle is located adjacent to the
estuary areas and tidal floodplain. A small village is present at
Gwithian to the north. A branch line rail link running between St Erth
and St Ives runs within a few metres of the edge of the cliff behind
Porth Kidney Beach.
A range of nature conservation designations exists along this
frontage at Gwithian Green, Gwithian Towans, Upton Towans and
along the Red River Valley.

Geology and
physical
controls

St Ives Bay is underlain by Devonian slates. Porthminster Point and
Godrevy Point provide physical control on the plan shape of the
Bay. They also generally contain the bay as an enclosed, selfcontained sediment cell (together with the Hayle Estuary).

Geomorphology

This unit is almost entirely fronted by a wide sandy foreshore and
includes the large extensive beaches of Carbis Bay, Porth Kidney,
Hayle, Gwithian and Godrevy, along with the associated dune
systems (towans) of Hayle (Harvey’s), Riviere, Mexico, Phillack,
Upton, Gwithian and Godrevy. It also includes the mouth of the
Hayle Estuary, which has important sediment links with the open
coast.
The more elevated cliff topography around Carbis Bay in the
western part of the unit, which reaches heights of 60-70mOD, gives
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way to the lower topography of the extensive towans and the Hayle
Estuary flood plain to the east. The climbing dunes of the towans
adjacent to Godrevy Point and Navax Point reach heights of over
70mOD. In the Phillack and Upton areas, the towans extend inland
by up to a kilometre.
The low cliffs (15m) at Godrevy Point are less resistant than in the
adjacent areas with a significant proportion of unconsolidated head
material. The Godrevy section displays active erosion along its
length. Futurecoast (2002) indicates potential recession of 1-2m/yr,
although this rate has not been observed historically (closer to
0.5m/yr).
Whilst the Hayle estuary is the primary river discharging into St Ives
Bay, the smaller Red River discharges onto the beach at Godrevy.
It is channelised as it approaches the upper beach through the
towans. Its flows are sufficient to affect beach morphology and are
known to influence the formation of nearshore bathymetric features
such as bars and runnels.
Wave climate

The exposure of this frontage to the Atlantic wave climate ranges
from the very sheltered north-east facing beach of Carbis Bay, to
the very exposed westerly facing beaches at Godrevy (although
offshore reefs give some shelter to the very northernmost part of the
shoreline).
The annual 10% exceedance wave height is 2.5m – 3m, with a 1 in
50 year extreme offshore wave height of 20m. Recent wavebuoy
recordings (at Perranporth) have demonstrated that significant wave
heights frequently exceed 5m during the winter months and wave
periods of 15 seconds and higher are not uncommon.

Current erosion
and flood risks

There has been erosion recorded around the Hayle Towans area in
the vicinity of the estuary mouth. Erosion of the cliffs at Godrevy is
very active and poses risks to an access road. There is also
ongoing erosion and undercutting of the bund at the rear of the
beach between Gwithian and Godrevy.

Sediment
dynamics

The dunes behind the beach have been subject to significant
extraction practices in the past 100 years. Extraction of sand at
Gwithian has now ceased however dredging of the Hayle Estuary
channel has recently recommenced.
Offshore sources of sand (marine shell) feed the beach via onshore
transport. Historically, sediment also accumulated on the intertidal
area due to both the Red River, which used to carry significant
amounts of material derived from mine workings, and from sluicing
of the Carnsew and Copperhouse Pools in the Hayle Estuary which
would flush significant amounts of sediment (fluvial, mine working
and marine derived) out of the estuary and on to the beach. This
sluicing practice ceased some years ago and considerable silting of
the estuary has resulted. These previous anthropogenic sources of
sediment make the overall current picture of sediment dynamics in
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St Ives Bay a complex one.
Babtie (2002) conclude that littoral drift within St Ives Bay is
influential on sediment distribution and that the net direction of
transport is from west to east. This is illustrated by the formation of
a spit extending from Porth Kidney Sands eastwards across the
mouth of the estuary. Futurecoast (2002) agrees that a northeastward direction of transport is likely, however points out that
there is no accumulation of sand against the Godrevy Headland. It
is likely that the dominant drift is reversed under strong north or
north-easterly storm conditions.
Aeolian transport of sand is an important factor in the overall
sediment budget. Increased duration of inundation of the intertidal
area due to rising sea levels could increase the cohesiveness of the
sand and reduce the amount of material blow onto the dune areas.
Structures and
defences

Defences are present along the rear of the beach at Carbis Bay.
The remainder of the frontage is undefended apart from an
artificially created bund that exists in place at the rear of the beach
between Gwithian and Godrevy. This was created to provide
defence to the former sand extraction works located behind the
beach.

Historical and
future shoreline
evolution

The Bay has retained its present day form for much of the last
century (although some changes in beach slope and profile have
been noted). It is likely that with continued input of sediment from
marine organisms and erosion of the cliffs backing the beaches at
Godrevy, Gwithian and Porth Kidney, the beaches will be able to
generally maintain their width.
A continued cycle of erosion of the dunes, due to storms and then
their replenishment by aeolian transport should occur. The Cornwall
Sand Dune and Beach Management Strategy (Halcrow, 2009)
suggests that access management should be practiced for the
dunes in order to reduce frontal erosion and that beach
replenishment may be necessary in the vicinity of Harvey’s Towans
in the future.
It is likely that the observed erosion and undercutting of the gravely
bund at the rear of the beach between Gwithian and Godrevy will
continue and at some point in the short to medium term breaching
will occur into the low-lying area behind. Futurecoast (2002)
concludes that a permanent tidal inlet is unlikely due to the
topography.
Continued recession of the actively eroding cliffs at Godrevy will
occur, possibly at rates of up to 1-2m/yr under a scenario where
increasing sea level allows increasing wave energy to reach the toe
of the cliffs.
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5.2.3

Hayle Estuary

N5 –
Hayle Estuary

Picture: Aerial
photo of Hayle
Estuary

Description

The Hayle Estuary discharges into St Ives Bay at its westerly end.
The settlements of Hayle, Lelant and St Erth are adjacent to the
estuary within the extent of tidal influence. Main road and rail links
pass close to the Hayle estuary on its eastern side. Much of the
harbour area of Hayle contains sites of archaeological interest
relating to Cornwall’s industrial past and is included within the
Cornwall and West Devon Mining Landscape World Heritage Site.
A major regeneration of the harbour area of Hayle is currently
proposed and under consideration by the planning authorities.
There is considerable nature conservation interest in the area.

Geology and
physical
controls
Geomorphology

Devonian slates underlie the area. There are no headland controls
in this unit.

Wave climate

A small amount of wave energy from the north north-west
penetrates into the lower end of the channel. During high spring
tides propagation further into the estuary is possible.

Current erosion
and flood risks

Erosion has been recorded around the Hayle Towans adjacent to
the right bank of the estuary mouth. Some flood risk exists within
the Hayle and Lelant conurbations. The Environment Agency
operates Copperhouse Pool as part of their flood defence
operations for Hayle.
The estuary displays a flood dominance that results in a net

Sediment

Large expanses of intertidal mudflats and sandflats exist within the
main estuary channel and the Carnsew and Copperhouse Pools.
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dynamics

transport of material into the estuary channel and pools. In
combination with fluvial derived material, this is resulting in steady
accretion in all areas of the estuary. Marine derived material
appears to dominate the system as currently sand encroachment is
occurring on the mudflats.
Dredging of the tidal entrance channel has historically been
undertaken on an annual basis, to maintain navigable depths.
Further regeneration work within the Harbour will have some impact
on sediment regimes within the tidal channels and pools. The reintroduction of a sluicing regime has been discussed/tried but as yet
unsuccessfully.
Of the material dredged from the estuary mouth, 20% in reintroduced to the sediment cell (currently it is re-introduced to the
Hayle Towans area). 80% of the material is sold and therefore
represents a net loss from the system. It is reported that in the
region of 15,000m3 is being dredged annually (Babtie, 2002).
Concerns have been raised linking erosion of the dunes in the
Hayle area with dredging operations but the links remain uncertain.

Structures and
defences

Quay walls are in existence around most of the Hayle frontage.
They are generally in very poor condition and collapses have
occurred in several locations. Sluicing gate structures exist at the
entrances to the Carnsew and Copperhouse Pools. There are some
defensive structures on the left hand bank in the vicinity of Lelant.

Historical and
future shoreline
evolution

Some siltation of the estuary away from the main channel is likely to
continue under present management practices. Dredging of the
channel will continue to represent a net loss of sediment to the
wider St Ives Bay sediment cell under current licence
arrangements. Some lowering of the foreshore and subsequent
erosion around Hayle / Harvey’s Towans may continue to occur.
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5.3

Godrevy Point to Pentire Point

Process Unit: Godrevy Point to Pentire Point

Pentire Point
Trevose Head
Constantine

Bedruthan

Crantock Bay

The Gannel

Fistral Beach
Perranporth
St Agnes Head

Portreath
Navax Point
Godrevy Point

Figure 5.9

Godrevy Point to Pentire Point coastline

Geomorphological Behaviour
The coast is formed predominantly of metamorphic Devonian slate, together with sandstones
and limestones. This creates extensive hard-rock cliffs with associated rocky shore
platforms, stacks and beach outcrops. There are numerous large outcropping rocks some
way off shore. Interbedding within these formations, together with various igneous intrusions,
has formed numerous headlands (Futurecoast, 2002).
The form of the cliffs is governed primarily by the fact that they are cut into one of several
marine erosion platforms (formerly marine or land erosion platforms) uplifted during the
Tertiary period. These dictate the height of the cliffs, which tend to have a flat top and sheer
drop to sea level. Examples are between Navax Point and Portreath, and at St Agnes Head.
Elsewhere, the cliffs generally have a hogs-back form, with a vertical bedrock lower cliff and
an upper steep slope. It is usually only the lower cliff that is actively eroded. These cliffs can
have several slope elements, relating to relict cliff lines from former sea levels. The wide
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shore platforms present in some areas are likely to be relict features, as contemporary
erosion would not be sufficient to create such features.
This stretch of coastline is particularly rich in sediment. Sand and gravels deposits lie
offshore although there is an area of uncovered bedrock in the vicinity of the Trevose and
Pentire Headlands (see Figure 5.10). There are numerous sandy bays, coves and pocket
beaches, particularly in the central part of the unit between Perranporth and Bedruthan. The
shoreline generally displays a swash-aligned form; the intertidal areas are wide and
dissipative, often with associated dune systems, some of which are very extensive (see
Figure 5.12). This is all characteristic of a wave and wind dominated coastline.
This swash alignment dictates that longshore transport of sediment is very limited in the
influence it has on distribution and movement of sediment. Cross-shore movement of
sediment dominates the coast, with variation in this regime occurring in response to changes
in wave climate, both from storms and seasonality. Most of the bays and coves are
considered to be enclosed sediment cell systems, all acting and behaving independently of
each other. However the beaches will often display very similar trends of erosion and
accretion and sediment distribution across the beach profile, as they respond similarly to
coastal forcing, particularly over short temporal scales.
Tidal currents are generally weak, although they do increase in velocity around the
headlands (see Figure 5.11) where they may have some local influence on sediment redistribution.
A small estuary (The Gannel) discharges onto Crantock Beach and its presence locally
affects the beach morphology of Crantock Bay (see Figure 5.13).
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Figure 5.10
Geology and offshore sediments of Godrevy Point to Pentire Point,
showing bathymetry (from Futurecoast)

Figure 5.11

Tidal residuals between Godrevy Point and Pentire Point (from
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Futurecoast)

Human Intervention
There are a number of harbour structures on this coast, but none has a significant impact on
shoreline processes other than providing local shelter for beach accumulations. Similarly, a
number of discrete seawalls prevent erosion of short lengths of cliff, or prevent flooding
within the pocket beaches, but this has a negligible impact on the overall sediment budget.
Where there are hard defences fronting dunes, these affect the development of the dune, as
it is cut-off from its natural sand supply. This may result in the long-term deterioration of the
dunes.
Spoil from inland mining activities has contributed to the superficial sediments of this
shoreline. Historically, waste sediments from mining areas have been carried down rivers
and streams to the shoreline contributing, sometimes significant, volumes of material to the
beaches.

© Crown copyright and database right 2009. All rights
reserved. Ordnance survey licence number 100026380

Figure 5.12

Perranporth and Penhale dunes
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© Crown copyright and database right 2009. All rights
reserved. Ordnance survey licence number100026380

Figure 5.13

Crantock Bay, The Gannel and Fistral Bay

© Crown copyright and database right 2009. All rights
reserved. Ordnance survey licence number 100026380

Figure 5.14

Constantine Bay beach and dunes
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Future Shoreline Behaviour
The pocket beaches at Portreath, Porthtowan, Chapel Porth, Trevaunance, Porth Joke,
Porth, Mawgan Porth, Porthcothan, Treyarnon, Harlyn, Trevone and Polzeath are likely to
maintain their overall form, with marine carbonate sources maintaining a supply of sand, and
adjacent cliffs experiencing slow erosion. Areas backed by low-lying ground are likely to
experience some flooding under storm conditions, although this would not be expected to
create significant tidal inlets as these are very shallow areas. Where present, the dunes are
likely to be maintained in their current form as they will be able to exchange sediment freely
with the fronting beach. In general, these bays would be expected to maintain their overall
form.
The cliffs and rock platform between Godrevy Head and Pentire Point will experience
continued slow erosion. The beaches are likely to maintain their current form, with continued
inputs of carbonate material offsetting any losses.
Continued stability of the beaches and dunes would be expected at Perran Bay, Holywell
Bay, Crantock Beach, Fistral Bay, and Constantine Bay (see Figure 5.9) given ongoing
inputs of marine carbonate material to the shoreline. Ongoing sea level rise is likely to give
some retreat of low water on all beaches, narrowing the foreshore and reducing the
probability of accretion of the dunes.

This Process Unit has been split into the following Shoreline Behavioural Units: Godrevy
Point To St Agnes Head; St Agnes Head to Park Head; Park Head to Pentire Point. These
units are described in the following three Tables.

Final Report
Review of coastal processes

114

February 2011
Copyright © 2010 Haskoning UK Ltd

5.3.1

Godrevy Point to St Agnes Head

N5 –
North Cliffs
(Godrevy Point
to St Agnes
Head)

Picture:
Porthtowan

Description

This unit covers approximately 25km of the north coast, extending
from Godrevy Point to St Agnes Head.
The coastal settlements of note along this stretch of coastline are
Portreath and Porthtowan, popular tourist destinations. The beach at
Chapel Porth is also a well-visited National Trust site and includes
part of the World Heritage site (mining). Some of the small coves
and beaches uncovered at low water are accessible via the coast
footpath.
Alongside tourism and recreation, the main land use within the
coastal zone is agriculture, with agricultural fields often extending to
within a few metres of the cliff tops. A number of designations for
conservation and geology exist within this unit and it is one of the
most comprehensively designated stretches of coastline of Cornwall.

Geology and
physical
controls

This unit is dominated by long stretches of rocky Devonian slate
cliffs and the prominent headlands at Navax Point, Gooden Heane
Point and St Agnes Head.
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Geomorphology

There are large sandy pocket beaches present at Portreath,
Porthtowan and Chapel Porth.
There are several other, small sandy coves located along the
frontage. Most of these, such as at Greenbank Cove, Bassets Cove
and Gooden Heane Cove are mostly inaccessible, and tend to be
completely covered at high water. A small area of climbing and
fringing dunes (around 1ha) is present at Porthtowan, although it is
in a deteriorating condition and gabions and netting have been used
to control erosion (Pye et al, 2007).
The coastal cliff topography reaches elevations of 70-90mOD for
most of its length. A prominent geological feature just inland from
the coast (at the northern end of the unit) is St Agnes Beacon, which
attains a height of 192mOD. Historical rates of erosion are low along
the cliff line, although significant cliff falls do occur infrequently along
the less resistant slate cliffs between the headlands.

Wave climate

The coastline faces north-west for the length of this unit. It is
therefore mostly very exposed to the dominant Atlantic westerly
wave climate and weather systems of the north coast (see section
2.3). Waves approach the shoreline from generally the west or
north-west, virtually shore-parallel. This creates a swash aligned
coast.
The annual 10% exceedance wave height is 2.5m – 3m, with a 1 in
50 year extreme offshore wave height of 20m. Recent wavebuoy
recordings (at Perranporth) have demonstrated that significant wave
heights frequently exceed 5m during the winter months and wave
periods of 15 seconds and higher are not uncommon.

Current erosion
and flood risks

Periodic cliff slips occur along the Devonian slate cliff line. Some
flood risk exists at Portreath during storm surge events in
combination with high wave activity.

Sediment
dynamics

The beaches along this coast are swash aligned and dominant
sediment transport mechanisms are wave-driven. Tidal influence on
transport is low. Much of the sediment on the beaches is derived
from marine organisms (shell) and onshore/offshore transport of the
beach material occurs in relation to storm events and seasonal
variation in the wave climate. Futurecoast (2002) reports some
potential for northward drift of material but (if this does occur) net
volumes are likely to be insignificant in relation to volumes contained
on the beaches.

Structures and
defences

Portreath has a small harbour through which the Portreath Stream
discharges. A series of defence structures, including a large pier
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orientated north-west which maintains the harbour entrance channel
are in existence, including a stepped wall behind part of the beach.
Porthtowan is located in a steep sided valley and has little in the way
of formal defence structures, other than gabion baskets at the rear
of the beach which offer some defence to the lifeguard station that is
located adjacent to a car park within the general dune area. A small
stream discharges out through the valley and a channelised section
onto the beach.
Historical and
future shoreline
evolution

General stability of the coves, beaches and cliff line in observed
over the past 100 years. Retreat and advance of the shoreline has
occurred on the beaches in response to natural variation in wave
and weather climates. The cliffs display a very slow erosional trend
– no location within this unit has exceeded 3m of erosion at the cliff
line in the past 100 years.
The future trend for this unit is likely to continue the historical trend.
It is unlikely that erosion rates of the hard cliffs will increase
significantly. Under present management practices the beaches
should maintain their general form, though the potential for coastal
squeeze due to sea level rises exists at Portreath and Chapel Porth,
where the beaches are more constrained. At Porthtowan sand
exchange between the beach and small dune system should
continue.
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5.3.2

St Agnes Head to Towan Head

N7 –
St Agnes Head
to Towan Head

Description

This stretch of north-west facing coastline is characterised by a series of
embayments containing wide sandy beaches, backed by extensive sand
dune areas. Hard slate cliffs dominate between St Agnes and Perranporth.
The boundaries between the bays are marked by a series of prominent,
controlling rocky headlands.
A number of designations for conservation including SSSI exist within this
unit.
The coastal communities of note along this stretch of coastline are St
Agnes, Perranporth, Holywell, Crantock and the western part of Newquay.
Although the primary urban areas have historically developed around the
original primary industries of fishing, agriculture and mining, the tourist
industry now plays a key role in the local economy of all these areas.
Perranporth and Newquay are particularly key, with Newquay being
probably the most popular destination in Cornwall. Fistral Beach is
particularly intensely used.
SSSI and SAC designations cover the entire Penhale Dunes complex.
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Geology and
physical
controls

The headlands of Cligga Head, Ligger Point, Penhale Point, Kelsey Head,
Pentire Point West, Pentire Point East and Towan Head exert strong
physical control over this stretch of the SMP coastline. They are formed
primarily of Devonian slates with some intrusions of harder rock. The
headlands and cliffs generally descend directly into deep water.

Geomorphology

The coastal topography reaches elevations of 80mOD at Perranporth; with
elevations further north generally not exceeding 40mOD.
Perran Bay, Holywell Bay, Crantock and Fistral Bay all have wide, sandy,
exposed beaches, backed by extensive dune areas, strongly characteristic
of a swash aligned, wave and wind dominated, sediment rich coast.
Perran Bay displays a particularly large beach and has the most extensive
area of coastal dunes within the Cornwall and Isles of Scilly area,
extending 2km inland at some points. Smaller, sheltered pocket beaches
occur at Trevaunance Cove, in St Agnes and at Porth Joke between steep
sided valley headlands (see Figure 0.0).
A small estuary (The Gannel) discharges into Crantock Bay directly
adjacent to Pentire Point East. There are thought to be some sediment
links between this estuary and Crantock Beach. The Gannel has intertidal
areas of sand flats and saltmarsh extending some 2km inland.
At Perranporth two small water courses – The Perran Stream and the
Bolingey Stream discharge from channelised sections onto the beach –
these have an influence locally on beach morphology.

Wave climate

This stretch of coast is mostly north-west facing and therefore exposed to
extremes in wave height and energy.
The annual 10% exceedance wave height is 2.5m – 3m, with a 1 in 50
year extreme offshore wave height of 20m. Recent wavebuoy recordings
(at Perranporth) have demonstrated that significant wave heights
frequently exceed 5m during the winter months and wave periods of 15
seconds and higher are not uncommon.
Recordings of wave heights and periods (at Perranporth) from the most
recent severe event to affect the north coast (March 10th 2008), showed
that at the peak of the storm tide surge, peak wave periods reached 20
seconds (showing a large swell component) and significant wave heights
exceeded 7 metres.

Current erosion
and flood risks

Cliff recession and erosion rates within this unit are historically low due to
the resistant nature of the headlands.
Flood risk from storm surge and large swell waves exists at some of the
beaches, particularly Perranporth, which experienced extensive flooding in
March 2008. During the event, significant wave heights (recorded by the
Regional Coastal Monitoring Programme’s wavebuoy at Perranporth)
exceeded 7 metres for a continuous period of around 7 hours. Maximum
wave heights shown on the chart exceed 9 metres, but it is probable that
both maximum wave heights exceeding 10 metres and significant wave
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heights exceeding 8 metres were experienced during the period 15:00
10/03/08 – 22:00 10/03/08.
The presence of the Perran Stream and the Bolingey Stream at
Perranporth have an influence locally on beach morphology and can
increase flood risk via the lower elevations they create in the upper beach.
Their channelised sections also carry the flood risk from tidal surge into
the residential areas.
Tidal flood risk exists at a small scale within the Gannel Estuary.
Sediment
dynamics

Futurecoast (2002) concludes that each of the sandy embayments are
enclosed sediment cells, with little interaction between them.
It is most likely that there is little net transport of sediment alongshore in
either direction. Most transport is wave driven, and is either onshore or
offshore in response to changes in the wave climate.
However there is potential for wider-scale interactions between the dune
systems of Penhale and Holywell and there are also possible links
between the Gannel, Crantock and Fistral Beach under storm conditions
from the west. The beaches also display significant sensitivity to shifts in
dominant wind direction.

Structures and
defences

In Trevaunance Cove there is significant development present adjacent to
the beach. Defences include concrete and masonry walls. Although no
harbour currently exists at St Agnes, historically the area was heavily
associated with mining and sea trade and the derelict remains of the last
harbour (which existed until 1916) can still be seen on the western side of
Trevaunance Cove.
Coastal defence structures exist at the southern end of Perran Bay,
fronting Perranporth, in the form of masonry and concrete walls. Some
rock armour defences are present at the southern end of Fistral Beach.
Although there are no formal sea defences at north Fistral other than dune
stabilisation measures (gabions and fencing), the presence of the National
Surfing Centre building and a surfaced car park (both constructed in 2003)
means that this end of Fistral beach has become disconnected from the
dune system behind it.

Historical and
future shoreline
evolution

All of the dune systems within this unit represent significant accumulations
of wind-blown sand and are therefore important in consideration of the
future evolution of the coast. Some of the dune areas are heavily
vegetated and are very mature, particularly the Penhale complex. The
dunes at Fistral are almost entirely fixed and immobile due to the
presence of a golf course. Only a small strip of dunes running directly
behind the beach retains their natural mobility.
Cliff recession and erosion rates within this unit are historically low due to
the resistant nature of the headlands.
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Under present management practices the beaches should maintain their
general form, though the potential for coastal squeeze due to sea level
rises exists at Trevaunance Cove, where the beach is more constrained
and general narrowing of the foreshore could occur at Penhale, Holywell
and Crantock (Futurecoast, 2002). At Penhale, Holywell and Crantock,
sand exchange between the beach and dune systems should continue.

5.3.3

Newquay and Watergate (Towan Head to Park Head)

N8 –
Newquay and
Watergate
(Towan Head to
Park Head)

Description

This unit extends from the town beaches of Newquay, Porth, Whipsiderry,
Watergate Bay, Mawgan Porth and Bedruthan.
Newquay is by far the most significant human settlement within this unit. In
addition there are smaller communities at Porth, Watergate Bay and
Mawgan Porth. In common with many other areas of Cornwall, agriculture
is an important aspect of land use, particularly along the cliff top. Tourism
plays a very important role, particularly for the Newquay area.
There are a number of areas designated for their geological, nature
conservation or archaeological interest. In particular Bedruthan Steps and
Park Head.

Geology and
physical
controls

Devonian slate cliffs dominate the coastline geology. The principle
controlling headlands from Towan Head northwards are Trevelgue Head,
Beryl’s Point, Trenance Point and Park Head. These headlands effectively
create four bays – Newquay; Watergate; Mawgan Porth and Bedruthan.

Geomorphology

The coastline faces mostly west and is therefore exposed to the dominant
Atlantic wave climate and weather systems. The area is characterised and
dominated by stretches of wide sandy beach. These are separated by
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hard rocky headlands.
Hard slate cliffs of around 40m in height back the Newquay town beaches
of Towan, Tolcarne, Great Western and Lusty Glaze. This section of
coastline is slightly less exposed than that to the north due to the shelter
afforded by Towan Head. Porth Beach is a long narrow funnel-shaped
river mouth constrained on its north-east side by Trevelgue Head. The
Porth Stream discharges across Porth Beach.
The extensive beach of Whipsiderry and Watergate Bay is some 3km in
length and is backed by Devonian slate cliffs, around 60m in height. To
the north of Watergate Bay is Mawgan Porth, a cove of around 1km in
length, contained to the south and north by headlands. A small area of
fringing dunes and blown sand extends inland behind the beach and
penetrating up the valley of The River Menalhyl which discharges on to
Mawgan Porth beach.
To the north of Trenance Point is Bedruthan, where another extensive
stretch of sand of around 1.5km exists. High cliffs back the beach and the
geological feature of Bedruthan Steps (large exposed slate outcrops on
the beach) is exposed during lower tide. The nearby Carnewas cliffs site is
owned and managed by the National Trust. The prominent headland of
Park Head then extends westwards to the north of Bedruthan.
There are no major rivers or estuaries contained within this unit but there
are a number of minor watercourses that flow down through valleys and
discharge out to sea across the numerous beaches, most notably at Porth.
Wave climate

Exposure to the dominant westerly wave climate (see section 2.3).
The annual 10% exceedance wave height is 2.5m – 3m, with a 1 in 50
year extreme offshore wave height of 20m. Recent wavebuoy recordings
(at Perranporth) have demonstrated that significant wave heights
frequently exceed 5m during the winter months and wave periods of 15
seconds and higher are not uncommon.

Current erosion
and flood risks

Active erosion is occurring along the Newquay-Whipsiderry-Watergate cliff
line, albeit at relatively low rates of recession.
Some flood risk exists in the lower-lying area of Porth.

Sediment
dynamics

The shoreline is swash aligned due to the almost shore-parallel approach
of the waves. Therefore most sediment transport is cross-shore up and
down the beach profile in response to storms and seasonal variation in the
wave climate.
Futurecoast (2002) suggests that there is no sediment exchange between
the beaches and that they are all self-contained sediment cells. However
the headlands within this unit are less prominent than many on the north
Cornish coast and there is potential for some limited sediment exchange
to be occurring between the bays, in the form of littoral drift around the
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headlands, especially at times of MLWS and during storms.
Structures and
defences

Defence structures are located in discrete lengths throughout this unit, at
Towan Beach, Great Western Beach, Lusty Glaze, Porth, Watergate Bay
and Mawgan Porth.

Historical and
future shoreline
evolution

Cliff recession and erosion rates within this unit are historically low due to
the resistant nature of the geology. However active erosion is occurring
along the Newquay-Whipsiderry-Watergate cliff line and this will continue
and rate of recession may increase as sea levels rise and increased wave
energies act upon the toe of the cliffs.
Under present management practices the beaches should maintain their
general form, though the potential for coastal squeeze due to sea level
rises exists at Trevaunance Cove, where the beach is more constrained
and general narrowing of the foreshore could occur at Penhale, Holywell
and Crantock (Futurecoast, 2002).
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5.3.4

Park Head to Trevose Head

N9 –
Park Head to
Trevose Head

Description

This unit extends through the frontage of Porthcothan, Treyarnon,
Constantine Bay and Booby’s Bay through to Trevose Head.
The coastline faces mostly west and is therefore exposed to the
dominant Atlantic wave climate and weather systems. The area is
characterised and dominated by hard rocky cliffs interspersed by sandy
pocket beaches.
This area is sparsely populated and there are small communities at
Porthcothan, Treyarnon and Constantine Bay. In common with many
other areas of Cornwall, agriculture is an important aspect of land use,
particularly along the cliff top.
There are a number of areas designated for their geological, nature
conservation or archaeological interest.

Geology and
physical
controls

The principle controlling headlands are Park Head and Trevose head.
Geology is principally Lower Devonian slates. Control is provided
through the resistant nature of the geology. There is no significant
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sheltering or attenuation of the wave climate provided by the headlands.
Geomorphology

North of Park Head the coast consists of deeply incised slate cliffs
concealing numerous small coves, with four areas of sandy beach
existing before Trevose Head is reached. These are Porthcothan, where
there are some dune accumulations and a small stream exits onto the
beach; Treyarnon where there is some residential development adjacent
to the beach; and Constantine Bay and Booby’s Bay which have
significant areas of fringing dune and windblown sand extending behind
them.
There are no major rivers or estuaries contained within this unit but there
are a number of minor watercourses that flow down through valleys and
discharge out to sea across the beaches.

Wave climate

This stretch of coast is west facing and therefore exposed to extremes in
North Atlantic wave height and energy. The annual 10% exceedance
wave height is 2.5m – 3m, with a 1 in 50 year extreme offshore wave
height of 20m. Recent wavebuoy recordings (at Perranporth) have
demonstrated that significant wave heights frequently exceed 5m during
the winter months and wave periods of 15 seconds and higher are not
uncommon.

Current erosion
and flood risks

Erosion of the cliff line is historically slow due to its resistant nature.

Sediment
dynamics

New sediments are derived from offshore calcium carbonate sources
(marine organisms) and from limited erosion of the local cliffs. The
predominance of sand derived from marine organisms is particularly
notable at Constantine and Booby’s Bays, where it accounts for 90% of
the beach composition.

Flood risks are low.

Futurecoast (2002) suggests that there is no interaction between the
beaches in terms of sediment exchange. This is probably true given the
deeply incised nature of this section of coast and its swash aligned
tendencies. However the nature of the low cliffs and rocky foreshore
platforms which exist between Treyarnon and Constantine, suggest
there may be some exchange of sediment between the two bays under
certain high-energy conditions.
Structures and
defences

There are some privately owned defences located between Treyarnon
and Constantine Bay. Royal Haskoning (2007) conclude that some
lateral deflection of wave energy may occur at Constantine as a result of
these defences.

Historical and
future shoreline
evolution

Historical retreat of the cliff line has not exceeded 3m in the past 100
years. It is not expected to exceed 10m for any part of this unit in the
next 100 years (Futurecoast, 2002).
The dunes at Constantine historically underwent retreat (order of 30m) in
response to recreational pressures during the middle part of the
twentieth century. Management practices put in place during the 1980s
halted that trend and the last 20 years has seen some slight accretion
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and stabilisation of the fronting dunes (Royal Haskoning, 2007).
Comparison of beach profiles from 1998 and 2007 shows that there has
been little variation in the overall profile of the beach at Constantine Bay,
although some minor lowering of the upper beach face was recorded
(Royal Haskoning 2007).
Future evolution of the beaches and dune areas in this unit is likely to
include some potential narrowing of the foreshore and erosion of the
dune areas due to rising sea levels and increased wave energy.
5.3.5

Trevose Head to Pentire Point

N10 –
Trevose Head to
Pentire Point

Pentire Head
Polzeath
Camel Estuary
Trevose Head

Harlyn Bay

Padstow
Wadebridge

Description

Trevose Head marks a temporary change in orientation of the coast
from northward to eastward. Most of this unit faces north.
A key feature within this unit is the mouth of the Camel Estuary.
The primary settlement along this coastline is Padstow. Other
communities of note are Harlyn, Trevone and Polzeath. Agriculture,
tourism and recreation dominate the land use adjacent to the
shoreline.
Trevose Head and Trevone Bay are designated as SSSIs.

Geology and
physical
controls

Upper and middle Devonian slates dominate the geology of the cliff
line, along with Old Red Sandstone. Trevose Head and Pentire
Point are very prominent, resistant headlands marking the
boundaries of this unit. The headlands of Trevose Point, Cataclews
Point and Stepper Point provide some control over sediment
movement and also act to provide some shelter from the extremes
of the westerly wave climate.
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Geomorphology

The coast in this unit continues to be dominated by hard slate and
sandstone cliffs and rocky intertidal areas, displaying wave cut
platforms. There are four well-defined coves with sandy pocket
beaches – Mother Ivey’s Bay, Harlyn Bay, Trevone Bay and Hayle
Bay (Polzeath).
Elevation of the coastal topography reaches 74mOD at both
Trevose Head and Stepper Point and 80mOD at Pentire Point.
Elevations close to Mother Ivey’s Bay, Harlyn Bay and Trevone Bay
are lower at 20-25mOD.
A primary geomorphological feature is the wide mouth of the Camel
which discharges into Padstow Bay and enters the open sea
between Stepper Point and Pentire Point. It is one of the few
locations in Cornwall where there is a significant sediment link
between a tidal estuarine area and the open coast.
There are no significant dunes or wind-blown sand accretions along
the open coast of this unit although some small accumulations exist
at Harlyn and Polzeath.

Wave climate

Most of this unit faces north and is slightly less exposed to the
dominant westerly Atlantic conditions than the coast immediately to
the south of Trevose Head. Polzeath is more exposed than the
other locations.

Current erosion
and flood risks

Some erosion of the relic dune system at Harlyn and erosion at
Daymer Bay. There is flood risk at Padstow and Rock which is
discussed in more detail in the Estuaries Report.
The beaches in this area continue to demonstrate swash-aligned
tendencies and it is thought (Futurecoast, 2002) that they behave
independently of each other. The Camel Estuary acts as a sediment
sink for marine sediments, but it is not thought to directly draw
sediment from any of the beaches. There are however possibly
some links between the Camel Estuary mouth and Polzeath beach,
particularly under high-energy conditions.

Sediment
dynamics

Structures and
defences

Rock revetment defences exist at Trevone Bay. Granite steps and
timber defences exist at Polzeath.

Historical and
future shoreline
evolution

Little change has occurred in the plan shape of this coastline over
the past 100 years. Recession rates have not exceeded 3m
anywhere along the cliff line. Recession rates would not be
expected to exceed 10m anywhere over the next 100 years
(Futurecoast, 2002).
Future evolution is likely to comprise a general maintaining of the
shape and position of the bays, although there is a potential for
narrowing of the foreshore due to sea level rise.
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NB:
N11 – Camel Estuary is described within the Estuaries Report (Appendix C, Annexe II)
5.4
Pentire Point to Hartland Point
Process Unit: Pentire Point to Hartland Point

Hartland Point

Bude

Widemouth Bay

Boscastle
Tintagel

Pentire Point

Figure 5.15

Pentire Point to Hartland Point coastline

Geomorphological Behaviour
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The hard cliffed shoreline of Pentire Point to Hartland has evolved as a coastline of high
cliffs, rocky shore platforms and occasional long stretches of sandy intertidal area, (primarily
at Widemouth and Bude). The westerly facing nature of the coastline means it is generally
extremely exposed to the energetic north Atlantic wave climate.
The rock strata are dominated by sedimentary geology (see Figure 5.16). Devonian slates in
the southern part of the unit are replaced northward of the Trebarwith and Tintagel area by
Carboniferous sandstones, mudstones and slates. Importantly, all the rock strata present a
hard resistant cliff line and it is this which dictates overall morphological behaviour of the
coast. Although there are a series of headlands along the coastline, these generally just offer
some shelter from the wave climate to localised areas adjacent to them.
Marine erosion platforms (formerly the sea floor or low-lying land surface) that have been
uplifted during the Tertiary period, dictate the height of the cliffs in several areas. These cliffs
then tend to have a vertical face and sheer drop to sea level, with a level, flat form at the top
of the cliff, e.g. at Hartland Quay (see Figure 5.20). Elsewhere, the cliffs generally have a
‘hogs-back’ form, with a vertical bedrock lower cliff with an upper slope, e.g. around
Boscastle. It is usually only the lower cliff that is actively eroded. These cliffs can have
several slope elements, relating to relict cliff lines from former sea levels (Futurecoast,
2002).
There are numerous small coves tucked within indentations in the cliff line caused by faults
within the rock strata, such as those at Port Quin, Port Issac (see Figure 5.18), Port
Gaverne, Boscastle and Tintagel. There are also numerous streams and small rivers running
to the sea through the coastal slope, some exit across the coves and beaches, some have
cut deeply incised valleys into the cliff line. There is a small dune area close to the mouth of
the River Neet at Bude (see Figure 5.19).
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Figure 5.16
Geology and offshore sediments of the Penwith Peninsula
(from Futurecoast)
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© Crown copyright and database right 2009. All rights
reserved. Ordnance survey licence number 100026380

Figure 5.18

Port Issac, showing beach and harbour

Human Intervention
The cliff face has been significantly altered by past slate quarrying operations along the
coast, south of Tintagel. Here, there remains only a low vertical sea cliff, with an artificial
platform above.
There are harbour breakwaters at Port Isaac and Boscastle, and a single structure at Bude,
but none have a significant impact on shoreline processes other than providing local shelter
for beach accumulations. Similarly, a number of discrete seawalls prevent erosion of short
lengths of cliff, or prevent flooding within the pocket beaches, but these have a negligible
impact on the overall sediment budget.
Future Shoreline Behaviour
Future tendencies for the behaviour of this coastline are likely to reflect the historical, very
gradual rates of change. Therefore, although this coastline is actively eroding, this erosion
will continue to occur at a very gradual pace and therefore very little change would be
expected across this unit over the next 100 years, although the beach frontages at
Widemouth and Bude are likely to display some response to rising sea levels. As a whole,
this coastline will display resilience toward climate change.
The pocket beaches at Port Quin, Port Isaac, Port Gaverne, Boscastle, Crackington Haven,
and Bude are likely to maintain their overall form, with both local cliffs and marine carbonate
sources maintaining a supply of sand. However where there is constraint placed upon the
upper beach by either defence or geology, there may be some risk of coastal squeeze within
the next 100 years due to rising sea levels. Adjacent cliffs will continue to experience slow
erosion. Backing low-lying areas are likely to experience some flooding under storm
conditions.
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© Crown copyright and database right 2009. All rights
reserved. Ordnance survey licence number 100026380

Figure 5.19

Summerleaze Beach, Bude – showing Bude Canal and Bude Sea Pool

© Crown copyright and database right 2009. All rights
reserved. Ordnance survey licence number

Figure 5.20

Hartland Quay
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This Process Unit has been split into the following three Shoreline Behavioural Units: Pentire
Point to Widemouth; Widemouth to Crooklets, Bude; Bude to Hartland Point. These units are
described at a more detailed local level in the following three Tables.

Cornwall and Isles of Scilly SMP2
Appendix C

133
Review of coastal processes

Final Report
February 2011

5.4.1

Pentire Point to Widemouth Bay

N12 –
Pentire Point to
Widemouth Bay

Widemouth Bay

Crackington Haven

Boscastle
Tintagel

Pentire Head

Description

To the north and east of Pentire Point, the shoreline characteristics
change somewhat. This frontage is dominated by lengths of open
sea cliff and rocky shore platform.
The coast of north Cornwall is less populated than that to the west.
The main settlements within this unit are those at Port Quin, Port
Issac, Port Gaverne, Tintagel, Boscastle and Crackington Haven.
Cliff-top agriculture is the dominant land use adjacent to the
shoreline. Tourism and recreation are also important in discrete
locations along the coast, such as at Port Issac, Tintagel, Boscastle
and Crackington Haven. Small fishing fleets are still operational
from within the harbours of locations such as Boscastle.
A number of designations exist to identify the national importance of
the coastline in terms of its geological, ecological and
archaeological interests. Tintagel Castle is a key feature of this
section of coastline.

Geology and
physical
controls

The cliffs are formed of low-grade metamorphic Devonian strata
between Pentire Point and Boscastle, while to the north there are
interbedded sandstones and slates of Carboniferous age. These
formations create extensive hard-rock cliffs.
The transition area is around Trebarwith Strand and Tintagel, where
Lower Carboniferous volcanic rocks and Devonian slates have
become interleaved by numerous faults (Futurecoast 2002).
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Headlands occur at Tintagel, Cambeak and Dizzard Point. They
have some influence in modifying the wave climate on their lee
sides, but other than that the principle control on the coastline is the
resistant nature of the geology itself.
Geomorphology

Elevations of the shoreline cliffs are generally higher than to the
south and reach 100mOD at Port Issac and over 200m at High cliff,
north of Boscastle. Frequent steep-sided valleys are cut into the cliff
line where small watercourses find their way to the coast. The
foreshore is generally made up of rocky outcrops; wave cut rocky
platforms and boulders. Some cobble beaches/intertidal areas exist
(such as that at Millook Haven).
Accumulations of sand are infrequent, however small beaches are
present at Crackington Haven and Trebarwith Strand. Some very
small beaches occur at the mouths of small valley streams, such as
at Port Issac and Port Gaverne. There are also some sandy pocket
beaches uncovered at low water around Tintagel and Bossiney.

Wave climate

This stretch of coast is mostly west facing and therefore exposed to
extremes in North Atlantic wave height and energy. The annual
10% exceedance wave height is 2.5m – 3m (Futurecoast, 2002),
with a 1 in 50 year extreme offshore wave height of 20m.
The initial section of coast in this unit which accommodates the
small coastal communities of Port Quin, Port Issac and Port
Gaverne, is north facing and benefits from limited shelter provided
by Trevose Head.
Wavebuoy recordings (at Perranporth) have demonstrated that
significant wave heights frequently exceed 5m during the winter
months and wave periods of 15 seconds and higher are not
uncommon. These values can be taken as representative for the
whole of the north coast of Cornwall.

Current erosion
and flood risks

Parts of the Tintagel complex of historic remains are at risk from
coastal erosion.
Some flooding risk exists at locations such as Port Issac and
Crackington Haven, where combinations of storm surge and large,
long period swell waves can cause problems.
There is tidal flood risk to development in Boscastle harbour.

Sediment
dynamics

The small bays and coves with sandy accumulations are selfcontained sediment cells and there is very little wide-scale
interaction along this coastline.
Dominant transport of sand is wave-driven and is primarily
onshore/offshore (Futurecoast, 2002) though significant offshore
accumulations of sediment are sparse.
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New sediments are derived from offshore calcium carbonate
sources (marine organisms) and from limited erosion of the local
cliffs.
Structures and
defences

Coastal defence structures (mainly in the form of harbour walls and
quays) are present at Port Quin, Port Issac, Port Gaverne and
Boscastle. Crackington Haven and Trebarwith Strand have smallscale defences located at the rear of their respective beaches.
None of these defences are influential on coastal processes.

Historical and
future shoreline
evolution

Historically change along this section has been limited to very
gradual erosion of the cliff line and shore platform (< 3m in the past
100 years).
The future tendency is likely to be similar, with slow erosion and
weathering of the cliff line and shore platform occurring. The pocket
beaches and coves should maintain a stable form, though there
may be the potential for some foreshore narrowing in response to
sea level rise, particularly where they are constrained by rapidly
rising topography of the hinterland.
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5.4.2

Widemouth Bay to Crooklets

N13 –
Widemouth Bay
to Crooklets

Picture: Wave cut
shore platform,
north of
Widemouth

Description

This unit includes the whole Widemouth Bay frontage and extends to
Crooklets Beach, at the southern end of the Bude Bay frontage.
Geographically it is much smaller than the units either side, however it
contains one of the primary areas for tourism in north Cornwall, at
Widemouth. The coastline faces due west and is therefore very exposed
to the westerly-dominated wave climate and weather systems of the
Atlantic.
Widemouth is the only settlement situated adjacent to the coastline. A
coastal road runs north from Widemouth to Bude and south to
Crackington Haven, in places this is close to the cliff line.
The cliffed coastline in this unit is designated as part of the TintagelMarsland-Clovelly Coast SAC. There are a number of archaeological
sites and scheduled monuments identified.

Geology and
physical
controls

The geology is composed primarily of interbedded sandstones and
slates of Carboniferous age, with varying levels of overlying head
deposits (Futurecoast, 2002). The rock strata are folded and faulted,
and this is seen in the cliffs and wave-cut platform.

Geomorphology

The wide expansive beach of Widemouth Sand, backed by cliffs of
Carboniferous sandstone dominates the southern section of this unit.
North of Widemouth, a line of sand stone cliffs fronted by flat, rocky,
wave cut platforms continues as far as Bude (see Figure 5.15). The
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coastal topography is undulating; cliff heights attain 90mOD at
Cambeak, north of Widemouth.
A small area of dunes (in a fairly degraded state) is present at the north
end of Widemouth Sand.
Wave climate

This stretch of coast is mostly west facing and therefore exposed to
extremes in North Atlantic wave height and energy. The annual 10%
exceedance wave height is 2.5m – 3m (Futurecoast, 2002), with a 1 in
50 year extreme offshore wave height of 20m.
Wave buoy recordings (at Perranporth) have demonstrated that
significant wave heights frequently exceed 5m during the winter months
and wave periods of 15 seconds and higher are not uncommon. These
values can be taken as generally representative for the whole of the
north coast of Cornwall although nearshore wave conditions at Bude will
be modified by the local bathymetry, rocky outcrops, shore platform and
defences.
Local conditions also dictate that historically the frontage a Bude
appears vulnerable to extreme water levels generated as a result of
wind set-up. Generally any strong onshore winds creating surge
conditions will be accompanied by a rough sea and an energetic wave
climate, even if the waves are locally generated and of short period
duration, so the presence of waves will always exacerbate the wind set
up effects. However the geometry of Summerleaze Beach and the
presence of the River Neet channel could make this part of the frontage
particularly vulnerable to strong winds from the north-west.

Current erosion
and flood risks

Erosion risks exist at north Widemouth, in the vicinity of the beach car
park and lifeguard station.

Sediment
dynamics

New sediments are derived from offshore calcium carbonate sources
(marine organisms) and from erosion of the local cliffs. The high lithic
content (60%) of the beach sediment at Widemouth Sand indicates that
much of the sand originates from erosion of the local geology.
Sediment transport is mostly limited to movement across the shoreface
profile in response to storms and general variation in the wave climate.
Alongshore transport via littoral drift is insignificant and generally
blocked by the presence of the rocky shore platforms. At Widemouth
Sand, some alongshore transport may occur due to tidal currents,
though not thought to be significant.

Structures and
defences

An armourstone revetment defends the back of the beach at north
Widemouth.

Historical and
future shoreline
evolution

Futurecoast (2002) states that there have been no significant changes
in the coastal plan form and position over the last 100 years. Studies of
historic aerial photography (Royal Haskoning 2008) showed that there
has been very significant erosion and degradation of the dune system at
north Widemouth since 1946, when the dune system was much more
extensive and well vegetated. The presence of the rock revetment there

Final Report
Review of coastal processes

138

February 2011
Copyright © 2010 Haskoning UK Ltd

dictates that the dune system is now disconnected from the natural
beach system.
The future unconstrained scenario is most likely for a continuation of the
gradual erosion and weathering of the cliff line and shore platform,
producing a slow recession, which is very unlikely to exceed 10 in any
location. Some lowering of the beach face at Widemouth, narrowing of
the foreshore and continued erosion of the dunes may occur over the
next 100 years.

5.4.3

Bude Bay

N 14 –
Bude Bay
(Crooklets to
Lower
Sharpnose
Point)

Picture: Defences
at the entrance to
Bude Canal

Description

This unit on the north coast extends from Crooklets, to Lower
Sharpnose Point. This encompasses the significant coastal
settlement of Bude.
The coastline is orientated due west and is fully exposed to the
westerly-dominated wave climate and weather systems of the
Atlantic.
Bude is the only settlement of note along this section of coastline
and is important to the local area for tourism. A feature within the
area is the Bude sea pool. Aside from the Bude area, land-use
adjacent to the coast is almost exclusively agricultural.
The cliffed coastline is all designated as part of the TintagelMarsland-Clovelly Coast SAC. This designation is related to the
actively and uninterrupted eroding nature of the coastline. There
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are a number of archaeological sites and scheduled monuments
identified.
Geology and
physical
controls
Geomorphology

The geology is dominated by Carboniferous interbedded
mudstones and slates.
The wide, linear sandy beaches of Bude Bay extend for some 4km
for the extent of this section of coastline. Small headlands are
formed from sections of the more resistant sandstone cliffs.
Cliffs along the shoreline reaches 110mOD at Bude.

Wave climate

This stretch of coast is mostly west facing and therefore exposed to
extremes in North Atlantic wave height and energy. The annual
10% exceedance wave height is 2.5m – 3m (Futurecoast, 2002),
with a 1 in 50 year extreme offshore wave height of 20m.
Wavebuoy recordings (at Perranporth) have demonstrated that
significant wave heights frequently exceed 5m during the winter
months and wave periods of 15 seconds and higher are not
uncommon. These values can be taken as representative for the
whole of the north coast of Cornwall.

Current erosion
and flood risks

Some flood risk is present at Bude relating to high tides and storms;
particularly in they occur in combination with high fluvial flows within
the Bude Canal.

Sediment
dynamics

The current plan form of the beaches of Bude Bay are very much a
result of swash alignment, due to the due west orientation of the
frontage and the very shore parallel approach of the wave fronts.
This results in a system dominated by onshore-offshore sediment
transport, driven principally by wave energy. However, some
longshore transport of material is likely to occur in response to
changes in the dominant westerly conditions. This will result in
temporary alterations in beach levels and distribution of sediment
locally. There is unlikely to be a long-term net accretion in any
location due to these processes. The Flexbury Stream and River
Neet can affect the morphology of the beaches influencing
sediment distribution on the frontage.

Structures and
defences
Historical and
future shoreline
evolution

Small scale defences are present in Bude at both Crooklets Beach
and Summerleaze beach. A small tidal swimming pool at
Summerleaze beach affords some protection to the cliffs from wave
action
The cliffs and rock platform experience slow erosion with actual
rates varying dependant upon local geology. There are a number of
locations at which isolated rock falls occur occasionally, but
nowhere has there been more than about 3m of cliff top erosion
over the last century. Similarly, the narrow beaches have shown a
high degree of stability, with very little movement of the high or low
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water position over the century, although they do exhibit short-term
variations with storm/winter ‘draw-down’ of material (Futurecoast
2002).
The tendency over the next 100 years is likely to be a continuation
of the trends displayed over the last century of slow, gradual
erosion, with rates unlikely to exceed 10m anywhere, although
isolated larger rock fall are possible.

5.4.4

Bude to Hartland Point

N15 –
Hartland Point

Bude to
Hartland Point

Hartland Quay

Lower Sharpnose Point

Morwenstow

Bude

Description

The final local area unit on the north coast extends from Lower
Sharpnose Point, just north of Duckpool, to Hartland Point. A small
section of the north Devon coastline is included in this final unit, as
the boundary between Cornwall and Devon is situated just north of
Morwenstow.
The coastline is orientated due west and is fully exposed to the
westerly-dominated wave climate and weather systems of the
Atlantic. This section of coastline is very wild and sparsely
populated, with no settlements of any size adjacent to the coast.
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The mobile and actively eroding nature of the frontage means that it
is highly valued for both its natural landscape, geological and
ecological interests. There are a number of archaeological sites and
scheduled monuments identified.
Geology and
physical
controls

The steep and rocky coastline of cliffs and wave cut platforms
formed from Carboniferous sandstone cliffs dominates all of this
section of coastline. Numerous headlands occur which are formed
from sections of the more resistant sandstone cliffs, but it is the
overall resistant nature of the geology which principally controls the
evolution of this coastline, rather than the location of headlands.

Geomorphology

The coastal topography is steep, incised by steep sided valleys cut
by streams and small rivers. Elevation of cliffs along the shoreline
reaches 150mOD at Hartland Point.
There are no significant accumulations of sand and intertidal area is
limited.

Wave climate

This stretch of coast is west facing and therefore exposed to
extremes in North Atlantic wave height and energy. The annual
10% exceedance wave height is 2.5m – 3m (Futurecoast, 2002),
with a 1 in 50 year extreme offshore wave height of 20m.
Wavebuoy recordings (at Perranporth) have demonstrated that
significant wave heights frequently exceed 5m during the winter
months and wave periods of 15 seconds and higher are not
uncommon. These values can be taken as representative for the
whole of the north coast of Cornwall.

Current erosion
and flood risks
Sediment
dynamics

There is no significant erosion risk along this length of coastline and
minor flood risk at Hartland Quay.
Sediment transport is mostly limited to movement across the
shoreface profile in response to storms and general variation in the
wave climate. Alongshore transport via littoral drift is insignificant
and generally blocked by the presence of the rocky shore platforms.

Structures and
defences

Coastal defences currently exist at Hartland Quay. They are not
influential on coastal processes.

Historical and
future shoreline
evolution

The cliffs and rock platform throughout this unit will experience the
continued slow erosion, which has been demonstrated over the past
century. Actual rates of cliff retreat will vary dependant upon local
geological factors, but nowhere is this expected to exceed 10m over
the next century. The beaches are likely to maintain their current
form, with continued inputs of cliff and carbonate material offsetting
any losses (Futurecoast 2002).
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