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Cliffs just to the west of Watchet, on the Somerset coast, have been monitored photographically since September 1993. This monitoring has 
enabled the effects of erosion at the cliff base by waves to be compared with the effects of subaerial processes on the rates of cliff recession. The 
cliffs have Mercia Mudstone at their base and Lower Lias shales and limestones forming the upper part, the two formations being separated by a 
low-angled fault striking parallel to the coast. Where the Lower Lias dips steeply seawards, planar sliding is promoted in the weathered rock and 
soil of the upper cliff, especially during wet conditions. The Mercia Mudstone is faulted and jointed and is therefore relatively easily eroded by 
the action of waves, with consequent undercutting of the cliff. 
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INTRODUCTION 

A photographic monitoring technique, developed by the authors 
(Kalaugher, 1984; Kalaugher and Grainger, 1990; Grainger and 
Kalaugher, 1991) was chosen by Somerset County Council as an 
appropriate means of assessing changes to a 500 m length of Jiffs just 
to the west of Watchet, on the Somerset coast [ST 062433 to ST 
067434], (Figure 1) after concerns were raised over the rate of cliff-
top recession. The coastal road (B3191) at Cleve Hill, between 
Watchet and Blue Anchor, is everywhere less than 50 m from the cliff 
top along this 500 m length and at one point less than 5 m. Over a 
period of more than two years from September 1993 monitoring from 
the intertidal rock platform and the cliff top, at intervals of six-months 
or less, has enabled comparisons to be made of the effects on the rate  

of cliff recession of subaerial processes and erosion of the cliff base 
by wave action. 

The height of the cliffs and coastal slope increases from 
approximately 25 m at the eastern end of the length of coast studied to 
about 60 m at the western end. There has been no artificial protection 
from wave attack along this length except for a crude sea wall of 
railway sleepers near the eastern end (below location A, Figure 1). 
Here the slope has been covered almost down to beach level by a 
deposit of fill dumped from the cliff top sometime before 1993. At the 
base of the slope a concrete foundation supported a line of upended 
reinforced concrete railway sleepers which formed a retaining wall at 
the toe of the fill and provided some wave protection, until destroyed 
by waves in the winter of 1994-95. 

 

Figure 1. Map showing the positions of the photographic monitoring locations (B, C, D, E, F and G) and the main areas of cliff-top recession (X, Y and Z). 
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Beyond the eastern end of the study area, along to Watchet 
Harbour, concrete sea walls and armourstone at the cliff base provide 
coastal protection to vulnerable properties on the north side of West 
Street. At the western end of the study area, just before the road 
curves away from the coast, major modifications to the road 
alignment were necessary following a substantial landslide in 1954 
which destroyed half of the width of the road itself. Inspections by 
Somerset County Council detected further movements of the slope in 
1977 and consequently a series of survey pins was emplaced and slip 
indicators installed in boreholes so that the slope could be monitored. 
The winter of 1981-82 produced another period of increased 
movement, and more slip indicators were installed (Green, 1983). The 
monitoring and repeated surveying, abandoned a few years later after 
a prolonged period of stability, have now been replaced by the 
photographic monitoring described here. 

Between the cliff top and the road there are: a caravan park at the 
eastern end where the width of the ground is about 40 m; two grassed 
plots in the central section where the width decreases to 20 m and, at 
the western end, an area of rough vegetation which decreases in width 
to almost zero at the bend in the road before widening out onto a 
promontory. 

The only known surveying of the coastal slope was carried out by 
Somerset County Council below the bend in the road at the time of the 
site investigation, and provides the cross section of the slope used here 
to illustrate the general shape of the cliffs (Figure 2). 

GEOLOGY 

The length of cliffed coastline studied is situated near the eastern 
edge of the area covered by the British Geological Survey's 1:50,000 
Minehead Sheet (278). This part of the sheet was remapped during the 
revision of the adjacent Weston-Super-Mare Sheet (279) in the late 
1960s (Whittaker, 1972) and the remapping has recently been verified 
during the revision of the Minehead Sheet (Edwards, pers. comm.). 

The upper part of the cliff (Figure 2) consists of grey shales and 
mudstones, with occasional beds of argillaceous limestone, all within 
the Lower Lias Formation (Alsatites liasicus and Schlotheimia 
angulata zones) of Lower Jurassic age. The lower part of the cliff 

 

Figure 2. Typical section through the cliff at the western end of the 
study area (at Z in Figure 1) showing the geological structure 
schematically. 

consists of red-brown calcareous silty mudstone with minor amounts 
of gypsum nodules and veins, within the Mercia Mudstone Group of 
Triassic age. 

The boundary between these two formations is a fault which 
appears to dip southwards (into the cliffs) at about 40°. The fault 
strikes approximately parallel to the coast and its outcrop gradually 
descends the cliff from east to west over the length studied. Several 

other small faults are seen, in the Mercia Mudstone in particular. This 
lower formation is massively bedded and appears to dip southwards at 
angles which vary from 6° to 30°. The Penarth Group ("Rhaetic" 
beds) which lie stratigraphically between the Lower Lias and the 
Mercia Mudstone have here been cut out by the fault and do not crop 
out in the cliffs. 

The Lower Lias is seen to be deformed, dipping northwards 
(seawards) with angles of dip varying from a few degrees in the 
western part of the cliff to 50° - 60° in the central part. Near the top of 
the cliff in this central part weathered shales dip seawards at about 
30°. The Lower Lias at the cliff top has weathered to brown and 
yellow-brown silty clay soil near the ground surface, with a gradual 
transition downwards over 3 - 4 m to unweathered shale. 

A major north-west — south-east trending fault, the Watchet Fault 
(Whittaker, 1972), crops out at the base of the cliff 200 m west of the 
study area and its trend is clearly shown by the outcrop pattern on the 
foreshore. This is a reverse fault with a throw of 55 m in the cliff face; 
the fault also displays a horizontal dextral component with a lateral 
shift of 275 m when traced across the intertidal zone. The fault is 
linked across Somerset with the Watchet-Cothelstone-Hatch fault 
system which has a long structural history. 

MONITORING PROCEDURE 

A photographic record of the cliffs was made on 7 September 
1993. Sets of 35 mm colour transparencies were taken with a Nikon 
F3 single-lens reflex camera from four locations, B, C, D and E, at the 
cliff top and two, F and G, on rock exposures in the intertidal zone of 
the foreshore (Figure 1). Location F is sufficiently far from the cliff 
for the whole 500 m length of cliffs to be photographed in four 
overlapping frames, taken with a lens of 50 mm focal length. In 
addition, from this location alone, a mosaic of larger scale 
photographs was obtained using a 200 mm telephoto lens. The 
camera, in a specially designed bracket, was set up at each location on 
a surveying tripod at a measured height over a position marked by a 
nail. Hand-held photographs were also taken of the tripod at each 
location, in order to provide transparencies to aid relocation on 
subsequent visits. 

During the first monitoring visit the tripod was re-established at its 
previous height and position at each camera location. Using a 
monocular viewer with a x1 magnification of the current scene. Each 
transparency taken with a 50 mm lens in September 1993 was viewed 
in stereoscopic combination with the appropriate direct view. With the 
transparency representing a record of the previous state, a rapid 
comparison of detail was made with no reliance needing to be placed 
on memory. The method of monitoring exploits the fixed perspective 
of the transparency to enable both eyes to receive the identical 
perspective, suppressing the normal stereoscopic depth. Parts of the 
scene which have not changed in any way appear identical to both 
eyes and the images fuse strongly and without depth. Any parts of the 
scene which have moved a small amount, but can still be fused 
stereoscopically, exhibit anomalous depth (Kalaugher, 1985). Areas 
of gross movement will be beyond the limit of possible fusion but 
may display apparent movement when the images are viewed one at a 
time in rapid succession. Areas where material has been removed or 
added will flash on and off when the images are viewed in rapid 
succession. The gross movements and changes caused by removal or 
addition of material can also be detected by the rivalry between the 
images. 

All observed changes were noted but repeat photographs were 
taken to provide new monitoring transparencies only where significant 
changes were found. Each repeat photograph was taken with identical 
coverage by matching the viewfinder image with the field of view of 
the corresponding original transparency. These new transparencies 
and any of the first set not rephotographed were then used on the next 
monitoring visit, and the process repeated. The observations described 
below were made during five monitoring visits on the following dates: 
31 January, 14 March and 21 September 1994, and 3 March and 22 
September 1995. 
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Figure 3. Area of cliff top (at Y in Figure 1) affected by shallow 
landsliding between (a) 7 September 1993 and (b) 31 January 1994, as 
photographed and monitored from location F with a lens of 200 mm 
focal length. 

CHANGES OBSERVED IN THE CLIFFS 

The entire 500 m length of coastal slope and cliffs has been 
observed and monitored from the foreshore (locations F and G). In 
addition, those parts of the cliff top which appeared to be most 
actively eroding were monitored from positions on the cliff top 
(locations B, C, D and E). 

One such area, marked Z on the map (Figure 1), at the western 
end of the length studied was monitored from locations D and E. This 
is the area where a backscarp adjacent to the crash barrier had been 
formed by previous landsliding. Between 7 September 1993, when the 
site was first photographed, and 21 September 1994 the upper part of 
this landslide showed no movement. However, photographic 
monitoring on 3 March 1995, following the excessively wet winter of 
1994-95, indicated some reactivation. In the area adjacent to the 
backscarp about 200 mm of new downward and outward 
displacement was detected (no further movement of this slope 
occurred between March and September 1995). Changes as small as 
these could not have been recognised by a visual inspection relying on 
memory alone. The ability to make a direct comparison between the 
current view and the photographic record in the field does highlight 
the main advantage of the photographic method. 

In the central part of the length studied, at X in Figure 1, the cliff 
top showed evidence in 1993 of recent recession, with overhanging 
turf and soil. Monitoring locations were set up at B and C, either side 
of the most active part of the backscarp, and were used in conjunction 
with telephoto lens monitoring, with a x4 telescope, from location F 
on the foreshore. When first monitored on 31 January 1994, sliding 
had led to loss of about 10 - 20 tonnes of soil from the cliff top. A new 
tension crack had formed and by 14 March 1994 had developed into a 
scarp with displacements over a 2 m length of 150 mm vertically and 
200 mm horizontally. On 21 September 1994 it was observed that the 
scarp had opened to 400 mm in width and that the seaward side had 
subsided by a further 50 mm. A block of soil with a mass of a few  

 

Figure 4. Area of cliff base (below Z in Figure 1) undercut by wave 
action and affected by block falls between (a)7 September 1993 and (b) 
14 March 1994, as photographed and monitored from location F with a 
lens of 200 mm focal length. 

tonnes was now isolated and, by 3 March 1995, had slipped down the 
seaward-dipping shales in the upper cliff. When viewed from the 
foreshore these changes were seen to be within the soil in the top one to 
two metres of the cliff: the bedrock was not affected. Following 
prolonged rainfall, seepage from the upper cliff was seen to be aiding 
the soil erosion at the cliff top. 

In the next slight embayment in the upper cliff to the east of X, at Y 
(Figure 1), the upper slope was well-vegetated and appeared stable 
when photographed in September 1993, but by 31 January 1994 soil and 
vegetation had been removed by debris sliding and the roots of bushes 
on the cliff top had been undermined (Figure 3). These changes were 
not visible from the photographic stations at the cliff top, only from the 
foreshore. During the winter of 1994-95 a further large amount of soil 
and weathered rock slipped from the buttress in the upper cliff between 
areas X and Y. 

Although the magnitude of the changes is small when monitored 
six-monthly, the cumulative effect over several years is very significant 
given the proximity of the retreating cliff top to the road and houses. 
The photographic monitoring technique has allowed these minor 
changes to be recorded in a semi-quantitative manner and enabled 
engineering judgment of the risks to the road and properties to be more 
confidently applied. 

Monitoring in January 1994 showed that the only area of new rock 
debris from the lower cliff since September 1993 was at the extreme 
western end of the area monitored, where erosion by wave action had 
induced a small slide. By March 1994 a larger slide of rock and soil had 
occurred in the same area in the middle to lower cliff. No further 
significant changes were noted at the cliff base except below area X 
where erosion by wave action had undermined and caused the collapse 
of a small amount of mudstone between March and September 1995. 

Other significant changes monitored were non-geological and relate 
to erosion and subsidence of the fill material tipped from the cliff top at 
the eastern end. 
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GEOTECHNICAL APPRAISAL 

At the base of the cliffs there is some beach sand and gravel but 
not enough to provide protection from attack by waves at high tide. 
The base of the cliff, where erosion by wave action occurs, is within 
the Mercia Mudstone. Although this is a relatively massive rock it is 
not strong and undercutting has formed overhangs locally. 
Weaknesses caused by faults and joints are also exploited by the 
waves: large blocks of mudstone eventually become detached and fall 
from the overhangs to the beach where they are broken up and 
abraded by wave action (Figure 4). Slides and falls of finer debris 
from higher up the cliff or slope are rapidly removed by the sea. 

The overlying Lower Lias rocks are generally weaker, more 
fractured and more easily weathered. The shales are particularly weak 
parallel to their bedding direction. This has led to a less steep coastal 
slope in the Lower Lias, often with enough soil development to 
support vegetation, except where active landsliding has exposed the 
rock. 

Thus the landsliding is mainly within the middle and upper cliff or 
slope where the soil and partially weathered Lias rocks occur on 
seaward-dipping bedding planes (as at X). The large area of previous 
landsliding (at Z) occurs where the boundary fault between the two 
formations outcrops near the base of the cliff, and this landslide 
appears to be a deeper-seated translational slide within the Lias 
formation. 

The timing of landsliding which affects the cliff top is related 
more to excessive rainfall and/or groundwater seepage than to direct 
erosion by wave action at the cliff base. By March 1995 the very wet 
weather of the winter of 1994-95 had increased moisture contents and 
pore pressures, and accelerated the sliding of soil and weathered rock 
in the upper and middle cliffs. By September 1995 the dry summer 
had decreased moisture contents and pore pressures and no 
appreciable movements or changes of the slope had occurred since 
March. Any artificial additions to groundwater seepage towards the 
upper cliff, from soak-away drainage or leaking water supplies, could 
cause enhanced rates of cliff-top recession locally. The only 
practicable positive action at the cliff top to reduce losses would 
involve diversion of surface water, of groundwater seepage and of any 
artificial drainage which now finds its way to the cliff top. 
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