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Causes, impacts and management of recent UK 
cliff falls

By Jane Dove

Synopsis
This Geofi le looks at some recent coastal mass 
movements in the UK. The UK has an exceedingly long 
coastline, much of which is subject to a variety of 
erosional processes. The most dramatic of these are cliff 
falls, two of which are examined in detail—those at St 
Oswald’s Bay and Burton Bradstock, both on the 
Jurassic World Heritage coastline in Dorset. 

Various factors are examined, including rock type and 
structure, marine erosion, weathering processes and 
weather.

The attempt to establish a path around the English 
coast, to improve access and boost tourism, may mean 
that more people will be exposed to danger. Cliff falls 
cannot be predicted, because so many factors are 
involved, but monitoring susceptible areas can help to 
reduce the risks. 

Key terms
coastal mass movement, marine erosion, positive 
pore pressure, progressive weathering, rock 
structure, rock type, shear strength, slope failure

Learning objectives
By working through this unit you will improve your 
understanding of:

•  geomorphic processes – weathering, slope movement 
and erosion by water

• certain distinctive physical landscapes in the UK
•  causes, consequences and responses to weather 

conditions and natural weather hazards
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Causes, impacts and management of 
recent UK cliff falls

Introduction
Cliff falls are quite common, but an 

exceptional number occurred in the 

year to June 2013. Two in 

particular made national headlines, 

those at St Oswald’s Bay and 

Burton Bradstock, both on the 

Jurassic World Heritage coastline in 

Dorset. This Geofi le explores why 

they occurred, their impacts and 

how such events should be 

managed. Firstly, however, rapid 

coastal mass movements are 

defi ned.

Rapid mass movements 
defi ned 
Mass movement is the downhill 

transfer of material, acting under 

the infl uence of gravity. Three types 

of rapid movement are recognised 

namely: falls, slides and fl ows. 

Falls occur on steep slopes where 

well-jointed and/or bedded rock 

fractures and material moves 

rapidly downhill. The rock often 

breaks up at the base of the slope 

into smaller fragments, creating a 

talus or debris cone. Progressive 

weathering frequently causes cliff 

falls, often acting in association 

with rain, which saturates soil and 

rock, and marine erosion which 

undercuts slopes. 

Slides occur when large, coherent, 

blocks of material break away and 

move down-slope on a slip plane. 

The slip surface often coincides 

with a bedding plane or fault. A 

curved slip plane produces a 

rotational slide, whereas a fl at or 

planar surface creates a 

translational slide. Cliffs where 

permeable rocks, such as sandstone, 

overlie impermeable rocks such as 

clay are often prone to sliding 

because water trapped by the clay 

acts as a lubricant facilitating 

movement. The sliding movement 

is further facilitated by marine 

erosion at the foot of the cliff.

Flows involve the rapid movement 

of unconsolidated material 

saturated with water. They are 

common on cliffs made of 

mudstone, clay or glacial deposits. 

The fastest movement occurs in the 

centre of the fl ow.

In reality cliff failures often involve 

more than one type of movement. 

The word ‘landslide’ is a general 

term which is often applied to 

many types of rapid mass 

movement, but, as the above 

defi nition indicates it does have a 

more precise technical meaning. 

Figure 1 The St Oswald’s Bay fall
Source: Jane Dove
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A year of instability – 
June 2012 to June 2013 
The number of reported slope 

failures in the UK in 2012, both 

inland and at the coast, was almost 

three times greater than normal: 

165 compared with an average 62. 

High numbers of failures also 

continued into 2013. Fragile coasts, 

such as those in East Anglia and 

East Yorkshire, experienced more 

coastal recession than normal and 

dramatic cliff failures made national 

headlines. 

Such events were largely attributed 

to the rainfall of 2012, which was 

the second highest since records 

began a century earlier. Many slope 

failures occurred between October 

and April, a period traditionally 

associated with high rainfall, 

elevated water tables and winter 

sea storms. 

The St Oswald’s Bay 
fall, April 2013 
During the night of 29/30 April 

2013, a major cliff fall occurred in 

St Oswald’s Bay, to the east of 

Durdle Door on the Dorset coast 

(Figure 1). Coastal wardens 

discovered that a 90 m stretch of 

chalk cliff had collapsed, removing 

with it part of the coastal path. 

Below the cliff a large fan of rock 

debris covered the beach and 

extended into the sea. In the 

succeeding days visitors fl ocked to 

see the new ‘natural attraction’, 

some foolishly ignoring warning 

signs and clambering on the 

unstable talus cone. 

Several factors, most signifi cantly 

rock type and rock structure, 

contributed to the cliff failure, 

while a prolonged period of 

antecedent rainfall provided the 

trigger event. 

Rock type and structure 

The cliffs where the fall occurred 

were made of chalk (Figure 2). 

Chalk is a very porous rock, 

capable of holding lots of water 

within its numerous voids or air 

spaces. The voids occur between 

individual chalk particles and 

between small fi ssures or joints in 

the rock. During the preceding long 

spell of wet weather these gradually 

fi lled with water so the rock 

became saturated. This caused an 

increase in positive pore 
pressure, which in turn reduced 

the rock’s internal shear strength, 

i.e. its ability to resist stress. The 

presence of water also increased the 

bulk density of the rock causing 

overloading and an increase in 

shear stress. The increases in 

positive pore pressure, together 

with overloading, were the major 

causes of the cliff collapse. 

Weathering processes, the folded 

nature of the rocks and the 

steepness of the cliff also 

contributed to the fall. Weathering 

processes operating over time 

weaken rock. Chalk is composed of 

at least 95% calcium carbonate and 

is therefore susceptible to 

carbonation and solution. These 

processes would have gradually 

widened small fi ssures and enlarged 

pore spaces. The presence of 

solution hollows, as shown by a 

reddening in the cliff face in certain 

parts, may also have acted as 

pathways for water to enter the 

rock. Chalk, in possessing pores, 

fi ssures and bedding planes, would 

also have been vulnerable to other 

weathering processes including 

frost-shattering, salt weathering, 

wetting and drying and heating and 

cooling, all of which would have 

made the rock susceptible to slope 

failure. 

Intense folding had overturned the 

chalk strata so it dipped at an angle 

of 115º towards the north. 

Effectively this meant the strata 

appeared to dip seawards which 

would have encouraged a sliding 

motion. The presence of lots of 

conjugate joints would also have 

encouraged slippage. Chalk is 

normally associated with cliff falls, 

particularly when it is very uniform 

in nature and vertically jointed, as 

for example at the Seven Sisters 

cliffs in Sussex. Sometimes, 

however, when it is steeply dipping 

and possesses lots of conjugate 

joints, a sliding movement can 

occur, as for example in the cliffs at 

Alum Bay on the Isle of Wight. The 

St Oswald’s cliff failure, therefore, 

may have been the result of both a 

sliding and a falling movement.  

Figure 2 Sketch of cliff-fall, looking east from Durdle Door 
Source: Jane Dove
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The fall occurred in cliffs which rise 

to 120 m in height and are almost 

vertical. The steepness of the cliff 

would have created internal stresses 

within the rock, predisposing it to 

failure. It might seem surprising 

that chalk, a relatively soft rock, is 

frequently associated with steep 

cliffs. The explanation lies partly in 

its permeable nature in that 

rainwater passes through its 

fi ssures, rather than running across 

its surface causing erosion. This, 

together with undercutting at the 

cliff base by marine erosion, is 

responsible for the steepness of the 

chalk face. 

Other contributory factors 

Other less important contributory 

factors to cliff failure may have 

been marine erosion and the lack of 

vegetation on the cliff face. The 

cliffs here are exposed to the full 

force of south-westerly waves and 

winds. Waves during winter storms 

occasionally attack the cliff base, 

creating notches and caves. A 

narrow shingle beach protects the 

cliff to a certain extent, but 

longshore drift has moved much of 

this material to the eastern end of 

the bay. The role of marine erosion 

and undercutting in encouraging 

slope failure, however, should not 

be over-emphasised. 

The cliff-face largely lacks a plant 

cover which might have afforded 

some protection from raindrop 

impact. Plant roots would have also 

helped to bind the soil and rock 

particles together, while 

transpiration would have reduced 

soil and rock moisture, reducing the 

build up of positive pore pressure.

Impacts 
Fortunately the cliff fall occurred at 

night, but had it happened during 

the day when visitors were on the 

beach and the coastal path, the 

consequences might have been 

very different. After the fall, an 

1100 m section of coastal path was 

closed to the public and a 

diversionary route created slightly 

inland. This re-routed section, 

which is heavily used by visitors 

walking between Lulworth Cove 

and the natural arch of Durdle 

Door, is now suffering footpath 

erosion. If this diversionary path 

becomes the new permanent route, 

Natural England and their 

contractors Dorset County Council, 

who are responsible for the coastal 

path, will have to improve the path, 

which crosses land owned by the 

Lulworth Estate. 

As previously mentioned, the cliff 

fall has not deterred people from 

visiting the coastline. Indeed one 

local boat-owner used the event to 

his advantage by offering boat trips 

to see the cliff fall. A growing 

interest in geotourism may also see 

the current half a million annual 

visitors to this World Heritage 

coastline increase in the future, 

despite the inherent instability of its 

cliffs.

The Burton Bradstock 
fall, July 2012
Shortly after midday on 24 July 

2012, two cliff-falls, 20 minutes 

apart, occurred on the coast near 

Burton Bradstock in Dorset. Some 

400 tonnes of rock fell onto the 

beach, creating a pile of debris 30 m 

long, 20 m wide and 10 m high. 

The fall hit three people walking on 

the beach, fatally injuring one of 

them. Such a shocking event 

seemed unbelievable on a hot, 

summer day on a beach crowded 

with visitors. 

The cliffs, which are 40 m high, are 

largely composed of the Bridport 

Sand Formation: horizontal beds of 

micaceous silts and fi ne-grained 

sandstones which alternate at 

regular intervals with harder bands 

of sandstone. Differential 

weathering and erosion has picked 

out the softer rocks, leaving the 

harder sandstones to stand out as 

ledges in the cliff face. Above the 

Bridport Sand Formation is a 

narrow outcrop of Inferior Oolitic 

Limestone, and above this a thin 

band of Fuller’s Earth, a calcareous 

mudstone. 

As with the St Oswald’s Bay event, 

a number of factors contributed to 

the fall. The sandstones are 

permeable, which makes them 

vulnerable to weathering processes 

such as frost-shattering and salt 

weathering, while the calcite 

cement, which binds the sandstone 

grains together, is prone to 

carbonation and solution. Vertical 

joints in the sandstone also make 

the cliff susceptible to toppling 

failure, a type of movement 

whereby the cliff top appears to a 

bend or topple forward and 

collapse. 

Wet weather in June 2012 would 

have saturated the normally 

permeable sandstone and 

contributed to an increase in 

positive pore pressure. Meanwhile 

a drier period immediately before 

the failure may have caused some 

shrinkage, further weakening the 

rock. The presence of a notch at the 

base of the cliff also suggests marine 

erosion had attacked the cliff at 

some point, although the gravel 

beach would have offered some 

protection. 

In the aftermath of the fall the 

beach and coastal path was closed 

to the public (Figure 3). Locals 

expressed concern about the 

negative publicity, at the height of 

the tourist season, and efforts were 

made to reassure the public that the 

area was still open for business. 

Today the coastal path has been 

reopened, although a 400 m section 

has been permanently diverted 

inland. Money has had to be spent 

on this new section for new fencing 

and stiles. The beach is open, but 
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large notices make it very clear that 

venturing here is very dangerous 

(Figure 4).

Managing cliff 
instability 
Both cliff falls occurred on scenic 

coastlines with little development 

inland. A policy of managed retreat 

seems preferable at such locations, 

for the following reasons. 

Cliff stabilisation measures are very 

expensive and therefore can be 

justifi ed only where there is a 

signifi cant threat to life, property 

and infrastructure. Moreover in the 

long term such measures are 

usually only temporary, as 

weathering and erosion will 

continue to weaken the cliff.  

Eroding coastlines are, by their 

nature, of high scenic value and 

attract tourists whose spending 

contributes to the local economy. 

Some eroding cliff-lines are also of 

iconic national value, such as the 

White Cliffs of Dover. Protecting 

these coasts would reduce marine 

erosion and sub-aerial processes, 

and in time the cliffs would become 

subdued and covered with 

vegetation. The construction of 

seawalls and other hard forms of 

coastal protection would also 

detract from the scenic beauty of 

the coastline.  

Marine erosion and sub-aerial 

processes contribute sediment 

which, when transported by 

currents, forms beaches, spits and 

bars offering protection to 

coastlines elsewhere. The actively 

eroding coasts of Lincolnshire, for 

example, produce sediment which 

forms the mudfl ats and salt-marsh 

of north Norfolk, protecting this 

coast from the sea. 

Some eroding coasts support rare 

habitats, and erosion often exposes 

geological structures and fossils, eg 

dinosaur bones in cliffs at Brightstone 

Bay, Isle of Wight. Active cliffs are 

also useful locations for studying 

mass movement processes. 

A policy of managed retreat is well 

demonstrated at Birling Gap in East 

Sussex. Here, a narrow shingle 

beach is backed by vertical chalk 

cliffs which are retreating on 

average by 75 cm per year. Located 

in the South Downs National Park, 

the cliff and beach attract 350,000 

visitors annually. Facilities include a 

recently renovated National Trust 

café, shop and car park on the cliff 

top, while visitors can access the 

beach via a new galvanised steel 

cage of steps. The cliffs are carefully 

monitored for signs of instability, 

and notices warn visitors 

descending to the beach of the 

constant danger of rock falls. 

In February, 2014, the cliffs at 

Birling Gap suffered major erosion 

when a series of powerful storms 

swept across the UK. The National 

Trust has estimated that the storms 

caused more than seven years’ 

worth of erosion in just two 

months, as thousands of tonnes of 

rock crashed onto the beach. Large 

cracks appeared on the cliff top and 

the new steps down to the beach 
Figure 4 Cliffs at Hive Beach near Burton Bradstock
Source: Jane Dove

Figure 3 Path closure after cliff fall, Hive Beach
Source: Jane Dove
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were damaged, although these have 

since been reopened. A group of 

cottages on the cliff top, which 

were already gradually being 

demolished as the cliff receded, also 

suffered major damage.

Closing remarks 
The case studies discussed are only 

two, of many, cliff failures that 

occurred in 2012/2013. Cliff falls 

cannot be predicted, because so 

many factors are involved, but 

monitoring susceptible areas, such 

as the Jurassic World Heritage 

coast, the chalk cliffs of Sussex and 

Kent, and the glacial cliffs of East 

Anglia and East Yorkshire can help 

to reduce the risks. Surveys 

conducted after periods of wet 

weather are particularly important 

because this appears to be a 

signifi cant trigger factor. 

On many of these eroding 

coastlines there are strong 

economic and environmental 

arguments for adopting a policy of 

managed retreat. Hard engineering 

solutions such as seawalls and cliff 

underpinning are appropriate only 

where there is a signifi cant threat 

to life, property and infrastructure. 

Fatalities as a result of cliff collapse 

are fortunately rare. Educating the 

public about the dangers of rock 

falls and slides can help to mitigate 

risk. Warnings should address not 

only the dangers of being hit by cliff 

falls, or of walking too close to the 

cliff edge, but also of becoming cut 

off by a rising tide if a cliff failure 

occurs. 

Raising public awareness of the 

dangers of cliff instability may 

become even more important in the 

future, for two reasons. First, the 

attempt to establish a path around 

the English coast to improve access 

and boost tourism, as set out in the 

Marine and Coastal Access Act of 

2009, may mean that more people 

will be exposed to danger on cliffs. 

Secondly, climate change, in 

inducing increased storminess, 

higher sea levels and possibly 

higher winter rainfall, will increase 

cliff instability. 

References
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studies of cliff failures. 

http://www.southwestcoastpath.

com/ Latest information on cliff 

failures and footpath diversions on 

the South West Coastal Path. 

Glossary 
Conjugate joints: two sets of joints 

intersecting at less than 90º often 

created by tectonic stress.

Permeable: a rock which allows 

water to pass through it. 

Porous: a rock with voids capable of 

storing water. 

Positive pore pressure: the build up 

of water in pores so that the normal 

bonding between soil/rock particles 

is lost. 

Rock structure: fi ssures or joints, 

bedding planes, folds, faults. 

Rock type: i.e. its hardness, 

chemical composition, porosity and 

permeability.

Focus questions

1 Identify the main factors 
which contributed to the St 
Oswald’s cliff fall.

2 In what ways are the two case 
studies similar and different? 

3 Justify why a policy of 
managed retreat is the best 
option for these coastlines.

Checkpoint

While you’re reading, consider the following questions:

Why are cliff failures frequently attributed to periods of 
high rainfall?

Discuss some of the other factors that can play a part 
in cliff falls:

Why are chalk cliffs especially susceptible to rapid 
mass movement?

Discuss the implications for our use of the coastline 
generally, and with regard to coastal paths,

Coastal protection, or managed retreat? List the pros 
and cons of each. 
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