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Sidmouth seafront is dominated by red cliffs of mid-Triassic sandstones and mudstones. Their continual erosion threatens the
coastal footpath and local businesses and property. There are conflicting views on the rate of cliff erosion, but a consensus that
this has increased in recent years. The more sensitive area is to the east of the River Sid outfall where failure mechanisms are
significantly influenced by rock lithology. Sandstones are broken into blocks through the erosion of sub-horizontal slots and the
fragmentation of these competent rocks along faults and joints. Locally perched groundwater within sandstone/siltstone/mudstone
sequences leads to increased pore pressure in the mudstones and the development of overhangs which eventually fail. It is
suggested that perched groundwater, visible as seepages on the cliff face, is a significant, but previously unrecognised, factor in
the erosion of the Sidmouth cliffs.
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INTRODUCTION
Sidmouth, an attractive Georgian seaside town at the mouth
of the River Sid, in east Devon, is justly renowned for the red
cliffs of Triassic sandstones and mudstones which dominate the
coastline. To the west are Peak Hill Cliff (155 m in height) and
High Peak (157 m), and to the east Salcombe Hill Cliff (160 m)
and Higher Dunscombe Cliff (156 m): see Figures 1 and 2. Over
the whole of this section the cliffs are unstable and landslides
have been a common hazard. For example, the Western
Morning News of June 10th 1893 reported on a large fall which
had occurred at High Peak, two days earlier. About 100
members of the Sidmouth Branch of the Church of England
Temperance Society were holding an open-air meeting nearby
at the time. There was a rumbling noise, resembling an express
train at full speed, followed by a loud crash, which startled
those present and must have left them wondering what
message their maker was trying to send them! The noise of
falling rock continued for some ten minutes and coloured the
sea red for 2 miles (3.2 km) out from the coast. Such a cliff fall
was locally called a rusement (Butler, 2010), derived from the
verb ruse, rooze or rowse, meaning to fall or slide down.
According to Hutchinson (1893) the fall mirrored a previous
one, which had taken place in 1875, and such falls continue to
occur.
Cliff erosion is significant to Sidmouth residents because of
the continuing destruction of the coastal footpath and the threat
to businesses and property in the town. This threat is
particularly acute immediately east of the mouth of the River Sid
where the promontory, known as Pennington Point has been
eroded back, so that little remains. The footbridge over the
River at this point has already been severely damaged and it is
a question of ‘when’ it will be destroyed, rather than ‘if’.
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There are conflicting views on the rate of cliff erosion and
how this has varied over the past 200 years. In 1882, at its
meeting in Southampton, the British Association for the
Advancement of Science set up a committee to inquire into the
Rate of Erosion of the Sea-Coasts of England and Wales and the
influence of the artificial abstraction of shingle and other
material in that action. A questionnaire was circulated and was
completed for Sidmouth by local resident and amateur geologist
Peter Orlando Hutchinson (1810–1897). He estimated an
erosion rate of an inch (0.025 m) a year for the previous 50
years, whilst acknowledging that there were softer places where
erosion rates were twice or three times this and harder places
where rates were not half as much (Hutchinson, 1886; Mather
and Symes, 2006). More recent studies by consultants are
summarised by Gallois (2011). These show wide variations in
the estimated rate of erosion but there seems to be a consensus
that rates have increased during recent years with erosion rates
of between 1 and 2 m per year at Pennington Point and the
cliffs over a distance of 300 m to the east. However, an analysis
of topographic maps by Gallois (2011) suggested that this was
an over-estimate and that in the 70 years prior to 2006 the
erosion rate over this stretch of coast was about 0.2 m per year.
Personal observations over the last 4 to 5 years, immediately
east of the River Sid outfall, show that there are continual smallvolume falls from the cliff, resulting in local retreat of the cliff
top by up to 2 m in any one year with a probable average
erosion rate between 0.5 and 1 m per year.
The increase in the rate of erosion has been blamed on civil
engineering works carried out in the nineteenth and twentieth
centuries to protect a gravel storm-ridge that acts as a natural
sea defence. Although these works have been effective in
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Figure 1. Plan of the South Devon coast from Sidmouth to Seaton, showing the bedrock geology and locations referred to in the text.

Figure 2. Sketch of the coastline east and west of Sidmouth, as viewed from the sea, showing the geology and the sub-sections described in
the text.

protecting low-lying parts of Sidmouth to the west of the River
Sid they have interfered with the easterly longshore drift of
beach gravels, resulting, with increasing regularity, in low
beach levels to the east of the River (Fig. 3). The reduced
protection, provided at the base of the cliffs, is likely to result
in increased erosion at their foot and it has been generally

a

assumed that the resultant undercutting controls the rate of cliff
retreat. Observations over the past 10 years suggest that the
picture is more complex. Failure mechanisms vary along the
cliff section east of the River because of differences in lithology,
faulting and jointing patterns and the hydrogeological properties
of the sediments, all of which are examined in this paper.

b

Figure 3. The cliffs at Pennington Point, to the east of the River Sid, at Sidmouth, with the Alma Bridge on the left: (a) view in June 2009
at a time of high beach level; (b) view in February 2016 when most of the shingle had been removed.
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GEOLOGY

EAST OF THE

RIVER SID

The cliffs east of the River Sid outfall have long been of
interest to geologists as they expose the conformable junction
between rocks of the Sherwood Sandstone Group (Otter
Sandstone Formation) and those of the Mercia Mudstone Group
(Sidmouth Mudstone Formation). The junction marks the
transition, in the Middle Triassic, from sands, mainly deposited
in braided and meandering stream channels, to muds and silts
deposited on mudflats with periodic flash floods, giving rise to
ephemeral lakes. The section was first described in detail by
Irving (1888) and more recently by Gallois (2004).
A river escarpment runs northwards from Pennington Point
on the eastern side of the River Sid exposing about 6 m of fineto coarse-grained, cross-bedded sandstones infilling shallow
intersecting channels. Many channels have a coarse basal lag
deposit consisting of clasts of mudstone and fragmented
calcrete. Thin mudstones occur as lenses and more continuous
sheets, often providing a capping to channels. This sandstone
sequence is overlain by about 15 m of interbedded fine-grained
sandstones and mudstones, which were separated out as the
Pennington Point Member of the Otter Sandstone Formation by
Gallois (2004). This is overlain, in turn, by red-brown
mudstones and muddy siltstones of the Mercia Mudstone
Group. A low easterly dip takes the junction between the two
formations beneath beach deposits some 300 m east of the river
outfall.
Detailed mapping of the Pennington Point Member (Gallois,
2004), has identified seven separate sandstone units which
persist throughout the section. The thickness of the Member
remains constant at about 15 m but the thicknesses of individual
units and their sandstone/mudstone ratios vary considerably.
Contacts between the beds are generally sharp and the thicker
sandstone beds are prominently cross-bedded with lag deposits
at the base. Some of the sandstones are pale greyish-green in
colour and the mudstones contain grey-green horizons and
irregular patches. The upper sandstone is overlain, with a
distinct change in lithology, by sandstone-free mudstones,
sometimes silty and with beds containing gypsum. The Triassic
rocks are overlain by a veneer of mass movement deposits,
formed by processes of solifluction and/or slopewash, up to
two metres thick at Pennington Point, thinning eastwards.
Mapping shows that the dominant fault direction within the
Sidmouth coastal section is north-south, at variance with the
east-west Variscan trend which affects the underlying basement
rocks. The north-south faults form part of a structural high that
is presumed to overlie a major structure in the basement that
was reactivated in post-Variscan times. Such faults are well
exposed at Pennington Point and were described and illustrated
as early as 1843 by Peter Orlando Hutchinson (Hutchinson,
1843). Throws on the faults are limited and some examples are
more correctly joints, certainly discontinuities, with no
discernible throw. However, throw or not, the sandstones are
fragmented and weakened.
Any discussion of the cliffs to the east of the River Sid outfall
must also consider an industrial railway which was constructed
as part of plans to build a harbour on the western side of
Sidmouth waterfront in the 1830s (Messenger,1974; Perkins,
2009). The foundation stones were brought in by lighter but it
was decided to build a railway to bring masonry along the coast
from Salcombe Mouth to the east of the River. The track was
carried over the River Sid on a timber viaduct and, because of
the narrowness of the beach east of the river, the engineer
tunnelled into Salcombe Hill Cliff for about a third of a mile
(540 m) where the track emerged, continuing along the foot of
the cliffs on piles to Salcombe Mouth. At the Sidmouth end the
tunnel was 6.5 ft. (2 m) high and 7.5 ft. (2.3 m) wide. The
harbour project was a failure and the tunnel section of the track
was probably never used. Most of the tunnel has now eroded
away; perhaps 100m or so remain, which is flooded and
partially collapsed. A ventilation adit was exposed some years
ago, high above the beach, from which there is a constant
outflow of water (Figure 4).
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Figure 4. Water flowing from a horizontal ventilation adit, serving
the abandoned railway tunnel driven in 1836; photographed in
August 2015.The footwall of the adit is about 6 m above beach level.

FAILURE

MECANISMS

Landslide mechanisms in the cliff section to the east of the
River Sid were discussed by Gallois (2011, 2013) who
considered that the larger events were initiated by the collapse
of weak superficial deposits and weathered sandstones and
mudstones in the upper part of the cliff. Such collapses were
thought to trigger secondary joint–bounded failures in the cliff’s
middle and lower parts. However, although some collapses may
originate and propagate in this way, field observations suggest
that many are initiated in the middle parts of the cliff, and that
other processes are involved.
The cliff section can be divided into three sub-sections on a
geological basis (Fig. 2). Immediately to the east of the River
Sid, in the sub-section illustrated by Figure 3, sandstones are
overlain by the interbedded sandstones and mudstones of the
Pennington Point Formation. Wave action, particularly during
periods of low beach level, results in the erosion of thin lag
deposits within the basal sandstone (Figure 5) and of
mudstones within the succeeding mixed sequence (Figure 6).
Erosion thus creates a series of sub-horizontal slots, penetrating
deep into the sandstones. In addition, the sea readily erodes
broken rock within and adjacent to fault planes and joints,
initially forming small cavities (Figure 7). These rapidly develop
into caves as both seawater and air are forced into them under
pressure. This in turn creates instability within overlying rocks
resulting in block and toppling failures.
Further to the east, within a second sub-section (Figure 2),
the sandstones disappear from the upper part of the cliff and
there is less faulting. However, there is still a sequence of
sandstones and mudstones within the Pennington Point
Member of the Otter Sandstone Formation in the lower part of
the cliff, overlain by interbedded siltstones and mudstones
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Figure 5. Slot formed at beach level by the erosion of a thin lag
deposit within the Otter Sandstone Formation close to Pennington
Point; photographed in October 2016.The sandstone, above the slot,
is about 3 m thick.

Figure 7. Fault within the Pennington Point Member of the Otter
Sandstone Formation, showing the development of a small cavity;
photographed in August 2015. The base of the tunnel is about 7 m
above beach level.

Figure 6. Slot formed by the erosion of a thin mudstone (about
40 cm thick) towards the base of the Pennington Point Member of
the Otter Sandstone Formation; photographed in October 2016.

within the Sidmouth Mudstone Formation. Seepages are visible
at the base of the more permeable sandstone and siltstone
horizons from which groundwater is discharged in small
volumes during much of the year (Fig. 8). This is indicative of
locally perched groundwater within the more permeable strata.
The head developed within this perched groundwater leads to
increasing pore pressures, particularly within the mudstones
beneath the more permeable beds. The mudstones absorb
water which is taken up within the crystal lattice of the clay
minerals (Turk and Dearman, 1986). Recent work (e.g., Picarelli
and Di Maio, 2010) suggests that mechanical deterioration can
also take place by strain softening, caused by stress changes
and associated shear and/or volumetric plastic strains. This
causes destructuring of clay minerals, increased water content
and possibly modification to the arrangement of clay particles.
The result of these processes is expansion, loss of strength
within the mudstones, the gradual spalling of small mudstone
fragments and the development of overhangs beneath the
sandstones and siltstones (Fig. 9). Over time, significant
overhangs develop (Fig. 10) until the overhanging sandstone or
siltstone is unable to support the weight of overlying beds and
fails, resulting in wedge and toppling failures, extending all the
way to the top of the cliffs. This process results in the
continuous gradual retreat of the cliff, rather than in large
spectacular failures. This section of the cliffs also includes the

last remnants of the nineteenth century railway tunnel, which is
partially flooded (Fig. 11). This runs parallel to the cliff face and
when the seaward face is eventually eaten away by the
processes associated with perched groundwater, a substantial
rock fall occurs.
Moving further eastwards, to a third sub-section on
Salcombe Hill Cliff (Fig. 2), the Otter Sandstone Formation has
now disappeared below beach level and the cliffs are formed
by the Sidmouth Mudstone Formation. This consists of a series
of small scale rhythms, mostly 0.5 to 1.5 m in thickness,
comprising mudstones overlain by muddy siltstones (Gallois,
2013). These are also well exposed to the west of Sidmouth
beneath Peak Hill. Perched groundwater in some of the
siltstones, leads to the spalling of the underlying mudstone, the
development of overhangs and cliff failure as described above
(Fig. 12). Chandler and Forster (2001), using data specifically
from coastal slopes around Sidmouth, underlain by the Mercia
Mudstone Formation, refer to back-analysis of the stability of
these strata. Laboratory tests revealed measured peak values for
the strength parameters, c’ and Ø’, from joint surfaces, to be less
than the values recorded for intact material. This supports the
observation that the landslide mechanism could, at least in part,
be controlled by softening of the mudstones resulting from the
presence of excess pore water concentrated on discontinuities.
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Figure 8. Seepages from sandstone horizons within the upper part
of the Pennington Point Member of the Otter Sandstone Formation,
about 100 m east of the River Sid outfall; photographed in
February 2016.The main line of seepage is about 11 m above the
beach.

Figure 11. The remains of the railway tunnel visible on the
Salcombe Hill cliffs. Seepages above the tunnel have resulted in
much of it falling away. The black line in the upper part of the
image marks the distinctive lithological change at the top of the
Pennington Point Member. Photographed in August 2016.The base
of the tunnel is about 7 m about beach level.
Figure 9. Seepages at the base of a sandstone within the
Pennington Point Member, showing an overhang beginning to
develop; photographed in August 2015. Seepages occur where
discontinuities (indicated by dotted lines), with an apparent dip
westwards of about 45°, intersect the base of the sandstone unit,
which is about 1 m thick.

Figure 12. Seepage from siltstone within the Sidmouth Mudstone
Formation, below Peak Hill to the west of Sidmouth. Boundaries of
mudstone/siltstone rhythms, which are about 1.2 m in thickness, are
shown by white lines. Photographed in June 2007.
Figure 10. Development of a significant overhang at the base of a
sandstone within the Pennington Point Member; photographed in
October 2015. Note seepage at intersection of the base of the
sandstone unit and an inclined discontinuity, with a similar
orientation to those in Figure 9. The sandstone is about 1 m thick.
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DISCUSSION

AND CONCLUSIONS

The mechanism of cliff failure is significantly influenced by
the lithology of the mid-Triassic rocks. Sandstones of the Otter
Sandstone Formation are broken into blocks through the
erosion of horizontal slots and the breaking up of the
sandstones
along
high-angle
faults
and
other
joints/discontinuities. Failure is through blocks sliding down
the cliff face and/or toppling as the slots erode back into the
cliff. Within the Pennington Point Member, the thicker
sandstones fail in a similar way. However once thicker
mudstone horizons are present, particularly towards the top of
the Member, locally perched groundwater at the base of
sandstones leads to an increase in pore pressure within
underlying mudstones and the gradual spalling of mudstone
fragments, resulting in a rain of small fragments at the cliff base.
Overhangs develop until the overlying sandstone is not strong
enough to support overlying rocks which consequently slide or
topple to beach level. A similar process occurs within the
Sidmouth Mudstone Formation, where perched groundwater
occurs within siltstone horizons.
It is suggested that perched groundwater, visible as seepages
from more permeable sediments in the cliff section, forms part
of a mechanism driving the gradual erosion of the cliffs,
perhaps at the rate of 0.025 m per year suggested by
Hutchinson (1886) or the comparable 0.02 m per year
calculated by Gallois (2011). Superimposed on this underlying
continuous erosion more substantial failures occur from time to
time, particularly within the mudstone/siltstone successions on
both sides of Sidmouth. These are related to major joints which
run parallel or sub-parallel to the cliff face and slope towards
the sea at a steep angle. Gradual erosion of the cliff eventually
reaches one of these major joints and, initiated by an initial
overhang failure, rock slides off the joint face, sometimes from
the full height of the cliff.
The field evidence suggests that perched groundwater is a
significant, but largely unrecognised, factor in the erosion of the
cliffs to the east and west of Sidmouth, triggering failures within
the Pennington Point Member of the Otter Sandstone Formation
and in the Sidmouth Mudstone Formation. Schemes for coastal
protection at Sidmouth have assumed that the main culprit
responsible for cliff retreat is marine erosion at its foot and that
this could be alleviated using rock armour. The implication of
the present work is that although this may be appropriate at
and immediately east of Pennington Point it will not be entirely
effective further to the east where processes other than marine
erosion are continually active.
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