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Introduction
The principal river valleys on the east Devon coast, those of the Otter and Axe, are occupied by
misfit rivers: small rivers in wide valleys for which the present-day flows are insufficiently
large to have formed the valleys. Much of the erosion that gave rise to the present topography
in the lower reaches of the Otter and Axe probably occurred at a time of low sea level in
periglacial climates in the later part of the Pleistocene. The principal erosional phases occurred
when there were seasonally high-volume river flows derived from melting snow and thawing of
the near-surface layers of a permafrost blanket that was up to 100m thick. A relatively rapid
change from a periglacial to a temperate climate occurred over a period of as little as 50 years
c. 11,700 Before Present (BP, 10,000 Carbon 14 years) ago with the result that permafrost
conditions disappeared from southern England (Williams, 1965).One result of this will have
been a marked reduction in the maximum river flows.
With time, an amelioration of the climate caused sea level to rise to that of the present day in
c. 6000 BP and this converted the lower reaches of the River Otter into an estuary. The initial
formation of the cliffs in the lower reaches of the estuary probably dates from that time as the
result of marine wave action. The river flows would have been much reduced compared to
those of the Pleistocene and would not have been the principal cause of erosion of the cliffs in
the estuary. The gradual closure of the mouth of the estuary in medieval times due to the
development of the present-day shingle as the result of W to E longshore drift of the Budleigh
Salterton pebbles allowed the estuary to silt up and the cliffs to become abandoned.
The cliffs on the west side of the valley run slightly west of north for a distance of c. 1400m
from close to the southern end of Granary Lane, Budleigh Salterton [SY1075 8225] to north of
South Farm Road [SY 0713 8362]. On their eastern side, the cliffs abut onto drained marshes
and are protected from river and marine erosion. Over much of its southern part of Granary
Lane, the gardens of properties are adjacent to the cliff top (Figures 1 and 2). The gardens rest
on a relatively level surface which is mostly underlain by river gravels of Terrace 2 of the proto
River Otter (Edwards and Gallois, 2004). These have been dated by optically stimulated
luminescence (OSL) as c. 75k to 100k years old (Toms et al., 2008). The cliffs themselves are
cut into the Cretaceous Otter Sandstone Formation which also has extensive outcrops in the
cliffs between the west side of Budleigh Salterton and Sidmouth.
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Figure 1. Google Maps air photograph (copyright Google) showing the approximate
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position of the cliff top adjacent to the gardens of the properties in Granary Lane.
Current condition of the cliffs
The cliffs form a relatively straight line in which there are several shallow and two larger
embayments (Figure 1). When viewed from the footpath that provides access to the lower part
of the cliffs these are the most prominent landmarks. The whole of the cliff line is heavily
vegetated by plants ranging from grasses to fully mature trees (Figure 4). These obscure most
of the cliff faces in the areas between the embayments and wholly obscure them within the
embayments. The cliff profiles can be divided into four generalised zones, which are present in
all the cliffs adjacent to the Granary Road properties (Figure 3). The thicknesses of the zones
are laterally highly variable over distances as little as a few metres.
Zone 1 The highest part of the cliffs is inaccessible from the footpath except near the southern
end of the cliff where a gully gives access to a former gravel pit, and in bays 2 and 4 where
there are paths down the cliff. The sediments in the highest part of the cliff are visible from the
footpath in a few places. The gravel pit exposes up to 2.5m of coarse river gravel composed
largely of Budleigh Salterton Pebble Bed clasts in a sand matrix. This rests with a sharp base on
relatively unweathered Otter Sandstone. It is probably typical of the terrace gravels along the
whole length of the cliffs, but this appears to be the only visible in situ exposure. The bulk of
the Zone 1 material comprises loose fine- and medium-grained sand derived from the
weathering of the Otter Sandstone and from patches of Head deposits which were themselves
largely derived from the sandstones, together with pebbles derived from the terrace deposits.
The extent to which this material has moved down the cliff varies laterally over short distances
which are largely dependent on the degree to which the cliff has been weakened by the
vegetation. There is commonly a marked break in slope at the base of the Zone 1 deposits such
that much of the highest part of the cliff rests at angles of <60°.
Zone 2 Immediately above the relatively unweathered lower sandstone cliff, there are in situ
sandstones that formed part of the original cliff. These are now highly fractured and in part
decalcified due to the action of plants and groundwater with the result that they are locally
friable and loose and mostly held together by plant roots.
Zone 3 The lower and middle parts of the cliff comprise sub-vertical to vertical sandstone faces
in the Otter Sandstone. These are calcareously cemented, fine-grained sandstones locally with
lenses of coarser grade sand, lenticular pebble beds, and more strongly cemented caliche beds
that formed around former plant horizons. The principal cause of weathering in this part of the
cliff is large trees whose roots and rootlets have penetrated joints and bedding planes in the
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sandstones (Figure 4). In many examples, an area of up to two metres across adjacent to the
boles of mature trees has been decalcified to a loose sand.

Figure 2. The cliffs consist of alternating sections in which sandstone outcrops in the lower part
of the cliff are visible behind overhanging trees and bushes, and embayments in which
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vegetation completely obscures the cliff. In the latter areas unconsolidated slipped material
probably forms a veneer over most of the cliff. A. The most southerly part of the cliff: view
NW from the entrance to the footpath. B. Between Bays 1 and 2. C. Oblique view of Bay 1. D.
Bay 2. E. Northern edge of Bay 3. F. Bay 4. G. Between Bays 4 and 5. H. Southern edge of
Bay 5.
Away from such areas, tree roots have split the sandstone and allowed water to access and
decalcify adjacent areas. The mature trees grow out from the cliffs at angles that vary from the
almost horizontal to the almost vertical (Figure 2 and 4). In the vertical cliffs faces, where the
sandstones are largely unweathered, a surface veneer mostly up to 10 mm thick has been
decalcified to loose sand. This can be brushed off to reveal strong sandstone.
Zone 4 The lowest part of the cliff, for up to three metres above the footpath is a debris apron of
weathered material composed of sand, sandstone and pebbles, mostly 1.0 to 1.5m thick, that
has fallen from the cliff.

Figure 3. Generalised section showing the principal weathering zones that affect all of the
cliffs.
The following examples illustrate the rapid lateral and vertical variations in these zones: the
thicknesses are measured from the top of the footpath.
Section 10m north of the former gravel pit. Highest part inaccessible
Zone 1. Slipped sandy soil and subsoil with a few pebbles

70cm

Zone 2. Probably hidden beneath a veneer of Zone 1 material
Zone 3. Fine-grained, cross-bedded sandstone with lenses of pebbly
sandstone and harder caliche beds

280cm

Zone 4. Talus slope

180cm
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Figure 4. Examples of the weathering action of vegetation on the sandstone cliffs in Zones 2
and 3. A. Between Bays 6 and 7. B. Southern edge of Bay 7. C. 10m north of the former gravel
pit. Area of loose sand up to 2m across around the bole of mature tree. D. Between Bays 1 and
2. Decalcified sandstones adjacent to the roots of mature trees. The burrows are in decalcified
sandstone. E. Northern edge of Bay 4.As C and D. With time, these trees will fall and cause the
6

local collapse of parts of the middle and upper cliff. F. Between Bays 4 and 5.Heavily
vegetated Zone 1 deposits drape the upper and middle parts of the cliff and have given rise to a
thick talus zone at the foot of the cliff. G. Between Bays 5 and 6. Tree roots up to 15cm
diameter penetrate joints and bedding planes in the Zone 2 sandstones. The overgrown
sandstone block (bottom right) has become detached form the cliff face by tree roots. H.
Between Bays 6 and 7. A tree fall has exposed a partially weathered sandstone cliff in the upper
part of Zone 3 and the lower part of Zone 2.

Figure 5. A. Northern edge of Bay 5. Sandstones with strongly cemented caliche beds and casts
of vertical roots. B. Budleigh Salterton esplanade. Sandstones with similar caliche beds and
root traces. The cliff is weathering from the top down. The caliche/root horizons are more
resistant to weathering and maintain a vertical face. The lower part of the cliff is covered by a
debris apron up to several metres thick. C. Cliff in Other Sandstone at the mouth of the river at
Otterton Point. The principal erosional agents are wave action at the foot of the cliff and joint
and bedding-bounded rock falls in the higher parts of the cliff. These combine to produce
vertical and near vertical cliffs between Otterton Point and Ladram Bay. D. Cliff in the same
sandstone at the mouth of the river where it is partially protected from wave action by the
shingle bar. The cliff is weathering from the top down due largely to the action of plants. The
lower part of the cliff is kept free of vegetation largely due to marine action. When traced
inland the whole of the cliff becomes vegetated.
Section on south side of Bay 1
Zone 1. Inaccessible. Possible in situ pebble beds resting on slipped soil,
subsoil and Head deposits; sands with scattered pebbles, heavily vegetated

c. 3m

Zone 2. Weathered sandstones broken up by tree roots

260cm
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Zone 3. Relatively unweathered sandstones with lenticular cemented
pebble beds forming harder ribs

200cm

Zone 4. Talus slope

150cm

Section between Bays 1 and 2
Zone 1. Inaccessible. Slipped soil and subsoil

>2m

Zone 2. Probably hidden beneath a veneer of Zone 1 material
Zone 3. Relatively unweathered sandstones with caliche beds

4.7m

Zone 4.Talus

60cm

Summary and conclusions
The cliffs on the west side of the lower reaches of the River Otter were originally formed by
meltwater torrents in a periglacial climate in the late Pleistocene and subsequently modified by
wave action at a time when the estuary mouth was open and subject to the action of storm
waves. The subsequent reduction and finally cessation of wave activity when the estuary
became almost wholly blocked by shingle in medieval times left the cliffs abandoned. Erosion
ceased when the estuary silted up and the cliff became protected by a salt marsh. During the
past few hundred years the cliff has become progressively more vegetated with the result that
the principal cause of erosion at the present time is the activity of plant roots. These range from
fine root systems such as those of grasses which penetrate microcracks to those of mature trees
that penetrate joints and bedding planes. In additional to mechanical fracturing that they cause,
both of which open up groundwater pathways that cause the sandstones to become decalcified
to loose sand. Plant roots penetrate much or all of the cliff s over much of their length with the
result that weathered material locally descends from the clifftop to within 1m to 2m of the foot
of the cliff. If left in their present state, the cliffs will in time mostly degrade from vegetated
slopes at similar angles (< 50°) to those adjacent to the river inland.
The degree to which the proposed Lower Otter Restoration Project will affect the cliffs will
depend on two factors, the height of the improved public footpath and the maximum predicted
height of flood and/or tidal waters once the restoration is in place. The height of the current
path varies by >1m over parts of its length. Given that one of the stated intentions of the project
is to improve public access, this will presumably involve building a new path that will be
sufficiently high for it not to be overtopped except by unusually high water levels. It is also
anticipate that the proposed scheme with reduce the water level of future floods. If the height of
the new path is such that it is never overtopped then the project will obviously have no effect
on the cliffs.
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If the footpath is overtopped at times of river flooding or during unusually high tides, then
provided the path is sufficiently well engineered to withstand erosion, it will protect the area
between it and the cliff from strong waves or currents. If the path is overtopped for short
periods of time by < 1m the principal effect will be for the debris apron of unconsolidated
material to become waterlogged. In those areas where the debris cone is higher than the path,
the waterlogged material will move towards the and/or across it. In those areas where the
ground between the path and the cliff is lower than the path it will move laterally to lower
ground. With repeated flooding the finer grained ground materials will be redistributed and the
ground between the path and the cliff will tend to stabilize at a level similar to that of the top of
the path. The removal of the debris apron from the foot of the cliff will reveal sandstones that
are likely to be less weathered than the overlying sandstones having been largely protected
from weathering by the debris apron. The water will not have any significant effect on erosion
at the foot of the cliffs. If the path is overtopped for short periods of time by >1m this too is
unlikely to erode the foot of the cliffs as the water will be too confined within the river banks to
generate significant waves.
15th September 2016.
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