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Excavations associated with remedial measures to stabilise the sea-front area at Lyme Regis, in particular the footings for a new
sea wall and the removal of the surface layers from a large area in Langmoor and Lister Gardens, provided the opportunity to
examine parts of the Shales-with-Beef Member of the Early Jurassic Charmouth Mudstone Formation that are difficult to access at
outcrop. The excavations were monitored and the fossils of scientific interest were collected. The most impressive find was the
remains of a 7 m-long ichthyosaur (Temnodontosaurus) in the Saurian Bed in the Shales-with-Beef Member in the footings for the
new sea wall. This is now on display at Lyme Regis Museum. The new geological data, combined with that obtained from site
investigations carried out in advance of the engineering works, has enabled the stratigraphy and geological structure and the
landslide mechanism to be better understood. A 5 m-deep drainage cut-off trench above the landslides proved sandy Head
Deposits resting on deeply weathered Charmouth Mudstone with ‘flame’ structures at the junction of the two deposits. This
suggests that the sands were rapidly deposited on a softened and waterlogged clay surface, probably in a periglacial climate in the
late Pleistocene.
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INTRODUCTION
The early medieval village of Lyme Regis consisted of a
cluster of houses grouped around a church (1145) at the eastern
end of the present town and a small natural harbour 700 m to
the south west. The village and harbour were linked by a track
that ran along the foot of a low cliff of seaward-dipping
mudstones in the Shales-with-Beef Member of the Early Jurassic
Charmouth Mudstone Formation (Figure 1a). Until the mid 18th
Century the sea cliff was largely protected by a shingle beach
that was naturally maintained by the easterly longshore drift of
shingle from west of the outer harbour wall (The Cobb). The
closure of the gap between The Cobb and the land in 1756
(Fowles, 1991) followed by a succession of increases in the
height of the sea wall interrupted the supply of beach gravel
with the result that the sea cliff was unprotected for long
periods of time. The town became a popular tourist resort in
Regency times, and by the mid 19th Century had expanded to
include a sea wall (1860) surmounted by a marine parade, seafront cottages, a library and houses within the landslipped area
on the west side of the town (Fowles, 1990). The marine
parade was blocked from time to time by landslides in the
lower part of the Shales-with-Beef cliff (Arber, 1973). These
culminated in February 1962 after an unusually wet January
(Anon, 1971) in the collapse of >10,000 tonnes of mudstone
which overtopped the marine parade and resulted in the
destruction of several houses (Figures 1c and d). Remedial
works that were carried out from time to time included the regrading of the slope above the sea cliff, drainage works in the
areas prone to landslides, and the use of groynes, sea walls and
rock armour to protect the sea wall and the developments
along the sea front. None of these was lastingly successful.
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In 1995, West Dorset District Council (WDDC) initiated
engineering, hydrological and geological research to obtain the
data necessary to enable long-term engineering solutions to be
designed to minimise the risks associated with marine erosion
and landslides. The detailed site investigations of the most
threatened areas included the preparation of large-scale
geological maps of the onshore area, and sidescan-sonar,
bathymetric and seismic-reflection surveys in the offshore area
(Gallois and Davis, 2001) and an extensive drilling and
monitoring programme (Anon, 2002; Davis et al., 2002). The
general geology of Lyme Regis has been known since the time
of De la Beche (1826). Woodward and Ussher (1911), Lang
(1914, 1924, 1926), Lang et al. (1923), Hesselbo and Jenkyns
(1995) and Callomon and Cope (1995) have published
descriptions which, taken together, provide a detailed
stratigraphy of the Lias of the study area.
The highest part of the Blue Lias Formation and the lowest
part of the Charmouth Mudstone Formation, the Shales-withBeef Member (Figure 2), crop out on the foreshore and beneath
the adjacent land area. Higher parts of the Charmouth
Mudstone Formation, the Black Ven Marl Member, underlie
much of the town (Figure 3). Much of the outcrop of the latter
is overlain by extensive sheets of sandy Head Deposits up to
several metres thick that were derived by solifluction from the
Upper Greensand Formation in the highest part of the town.
Lyme Regis (a ‘gateway town’) is outwith the Dorset and East
Devon Coast World Heritage Site (WHS), but the foreshore
outcrops and any artificial exposures in the town are of
geological interest for comparison with the cliff and foreshore
sections exposed on either side of the town. The geological
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Figure 1. (a) Admiralty chart (1854) of Lyme Regis and the adjacent offshore area. Reproduced courtesy of Lyme Regis Museum.
(b) Prior to landscaping to form Langmoor and Lister Gardens, the Shales-with-Beef cropped out as a degraded sea cliff behind the 1860
sea wall. Mid tide, note the low beach level. View N, date unknown probably c. 1900. Reproduced courtesy of Doreen Smith. (c) Oblique
aerial view (Aerofilms, 1938) looking north across the harbour to the old sea wall and adjacent gardens. Reproduced courtesy of Lyme
Regis Museum. (d) Once the debris of the 1962 landslide (e) had been removed and the overlying slope had been graded to a shallower
angle, summer visitors were undeterred by what remained of the debris. View W along Marine Parade, July 1963. Copyright West Dorset
District Council. (e) A landslide in the seaward dipping Shales-with-Beef on February 14th 1962 destroyed several houses and covered the
Marine Parade promenade and sea wall. Photographed the day after the event by Maureen Keats, then Curator, Dorset County Museum.
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importance of the cliff and foreshore exposures, including those
in the town, is reflected in their designations in the Fault Corner
Geological Conservation Review (GCR) sites for Lower Jurassic
Stratigraphy (Simms et al., 2004), Fossil Fishes (Dineley and
Metcalf, 1999), Fossil Reptiles (Benton and Spencer, 1995) and
Coastal Geomorphology (May and Hansom, 2003).
In 2005, work began on remedial engineering works to
protect the sea-front from marine erosion and to stabilise the
landslides. The author and Mr Paddy Howe of Lyme Regis
Museum were commissioned by WDDC to monitor the geology
of the excavations made for the works in order to enable the
stratigraphy and geological structure of the beach and adjacent
areas to be better understood. In addition, any lithological or
paleontological specimens of scientific interest were to be
collected and curated. The principal excavations were the
footings for a new sea wall and a jetty opposite Lister Gardens,
earthworks in Langmoor and Lister Gardens as part of the
stabilisation works, and a deep drainage trench in Holmbush
Carpark (Figure 3). Offshore, the 1970s rock-armour extension
to the outer wall of The Cobb was removed and replaced. This
did not expose any in situ rock, but it revealed the foundations
of the medieval extension to The Cobb (Saderbaum-Beach,
2005).
The recording of the beach and onshore excavations was
carried out between April 2005 and January 2006. Mr Howe
maintained a near-continuous watching brief of the excavations
for the new sea wall which were within the intertidal area and
therefore tide and weather dependent.
The 3 m-wide
foundation for the 250 m-long sea wall in the upper part of the
intertidal area was constructed in 5 m-long stages within the
available daytime tidal windows. This comprised the removal
of up to 2 m of loose beach deposits; excavation and removal
of up to 1.5 m of relatively unweathered firm to stiff mudstone
close above the base of the Shales-with-Beef (Figure 2);
insertion of a reinforcing cage; a concrete pour (Figure 4a);
emplacement of a temporary waterproof membrane; and the
temporary reinstatement of the beach deposits. A separate
excavation for a new jetty, 3.0 m wide and 30 m long and
normal to the new sea wall below Lister Gardens, ran from the
wall to low-tide mark.
The excavations could not be entered for logistical and
Health & Safety reasons so the mudstone spoil was dumped on
the lower part of the foreshore where it could be examined
whilst the works proceeded, and at the following low tide after
it had been washed clean by the sea. Much of the mudstone
was relatively mechanically unweathered and well bedded with
the result that the excavator produced many joint-bounded
blocks 0.2 to 0.8 m across and 0.1 m to 0.3 m thick (Figure 4b).

GEOLOGICAL

RESULTS

New sea wall and jetty

Figure 2. Generalised Vertical Section for the Shales-with-Beef
Member of the Charmouth Mudstone Formation at Lyme Regis.
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The strata proved in the trenches were in the lower part of
the Shales-with-Beef Member in Beds 50 to 52 of Lang (1914),
Beds SB 1 to SB 5 of Gallois (2008). The lithologies at this
stratigraphical level consist when fresh of grey, weakly
calcareous mudstones interbedded with brownish grey,
laminated organic-rich mudstones. In Victorian and earlier
times outcrops of these beds in the cliffs and foreshores on
either side of Lyme Regis yielded large numbers of vertebrate
remains.
The lower beds contain abundant fish debris
including scales, teeth, bones and whole skeletons, and were
named the Fish Bed Shales. On Lyme beach, the mudstones
contain two thin (0.1 to 0.3 m thick) beds of calcareous siltstone
that form hard ribs on the lower foreshore. Farther east, in the
foreshore exposures below Black Ven, Wright (1860) named the
lower bed Split Ledge or Fish Bed. Both beds are lithologically
similar and both contain common fish remains, but the older
bed is prominently laminated and the younger bed bioturbated.
Both beds can be correlated with similar siltstones exposed in
Church Cliffs and below Devonshire Head, on the east and west
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Figure 3. Geological sketch map of the Phase II area showing the positions of excavations referred to in the text.

sides of the town respectively (Gallois, 2008). The lithological
similarity of the beds has led them to be confused with one
another by some authors. They are therefore referred to here
as the Lower and Upper Fish Beds. The beds between the
Lower Fish Bed and Table Ledge contain relatively common
marine reptile remains and were referred to by Wright (1860) as
the Saurian Bed (Figure 2).
The geological structure beneath this part of Lyme beach is
simple, with a low (1° to 2°) undulating dip to the S and SE,
roughly along the line of the excavation for the new sea wall
(Figure 5). As a result, the oldest strata recorded were in the
most north-easterly part of the trench where the Lower Fish Bed
and up to 1 m of the underlying mudstones were exposed. The
youngest beds recorded were in the SW where the Upper Fish
Bed and up to 2 m of the overlying mudstones were exposed.
The undulating nature of the dip is such that the two fish beds
were exposed at several locations along the trench.
The Shales-with-Beef lithologies exposed in the trench
beneath a veneer of softened mudstones, were mechanically
relatively unweathered. Their natural grey colour and some
pyritic films were preserved, indicating that there had been little
oxidation.
Most of the aragonitic fossils (including the
ammonites) were poorly preserved due to partial leaching of
the calcium carbonate. Mr Howe (in Gallois and Howe, 2006)
reported that “the most common fossils were small fish scales
and vertebrae, a few larger tail and fin fragments suggestive of
Pholidophorus, but no fragment large enough to be definitely
assigned to a particular genus.” Bivalves, in the form of calcitic
shells and mudstone impressions, were common throughout

the exposed succession. A total of 80 fish and bivalve
specimens were collected for curation. They include species of
the bivalves Inoceramus, Ostrea and Oxytoma. Ammonites
preserved as whole or broken crushed shells and oxidised
pyritic films were abundant on some bedding surfaces, but rare
at other levels. Most were Arnioceras that were too poorly
preserved to be specifically determinable. The correlative beds
in the cliffs adjacent to the town fall within the early Sinemurian
zone of Arnioceras semicostatum (Page, 2002). The most
significant palaeontological finds were parts of two marine
reptiles. The first consisted of two isolated bones (a vertebra
and a supraoccipital) of a 1-2 m long ichthyosaur (Howe in
Gallois and Howe, 2006). The second was a large jaw fragment
of an ichthyosaur, complete with 20 teeth up to 60 mm long,
that came from the mudstones between the Lower and Upper
Fish Beds (the Saurian Shales of Figure 2). This was washed
out from the spoil at the northern end of the new jetty one to
two days after that section of the foundation had been
completed. The position of the jaw fragment suggested that the
remainder of the skeleton might be preserved in the area
adjacent to the jetty. Funds were provided by WDDC to
remove the beach deposits over an area of about 5 x 20 m in
stages (Figure 7a) so that the top layers of the Shales-with-Beef
could be removed by hand by Mr Howe and Mr Peter Langham,
a specialist in marine vertebrate conservation and identification,
to reveal the vertebrate remains (Figure 7b). The excavation
revealed a relatively complete skeleton of a large (up to 7 mlong) ichthyosaur lying belly-up. The remains were collected
piece by piece over a period of 13 days, the excavation being
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Figure 4. (a) Laying the concrete foundation for the south western part of the new sea wall, May, 2005. To the right, the old sea wall; in
the foreground sandy and gravelly beach-deposits spoil prior to being reinstated. (b) Mr Howe recording the fossil contents of blocks of
Shales-with-Beef debris deposited in the intertidal area. (c) Pale weathering calcareous mudstones (in Bed Group SB 8), Langmoor
Gardens, October 2005. Arrow marks the horizon of the water-filled nodules. The failure surface was in the lowest part of the fissile
mudstone of Bed Group SB 11. (d) Water-filled septarian nodule at the level of the Alcinöe Bed of Lang et al. (1923) which has nucleated
around ammonites (arrowed), Langmoor Gardens, October 2005.

filled with loose sand at the end of each session to avoid the
remains being damaged by the incoming tide or removed by
visitors.
The fragments were cleaned and preserved by Mr Langham
prior to being assembled for display in Lyme Regis Museum.
They probably represent 60% of the total skeleton (Figure 7c).
In the absence of the skull and a complete example of the
diagnostic front paddle, Mr Howe tentatively identified the
specimen as a Temnodontosaurus, partly on morphology but
mostly on the basis of its size. This was one of the largest
known ichthyosaurs, and one of the largest marine reptiles of
all time. It was presumed from its absence that the skull, the
sturdiest and most bulky part of the skeleton, had been broken
into small pieces by the excavator bucket.
Mr Howe reported that in addition to the bones, the remains
include patches of carbonised skin up to 0.15 m across and
stomach contents composed mostly of hooklets of an extinct
form of squid. He noted (Howe in Gallois and Howe, 2006)
that “At least seven Temnodontosaurus have been recovered in
various states of completeness from the Lias of the Lyme RegisCharmouth area. None of those found to date [including the
Hawkins’ specimen shown for comparison in Figure 7c] except
for the present specimen, have the tail preserved in a sufficiently
undistorted state to show the reversed heterocercal tail that
characterised the ichthyosaurs.”
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Langmoor and Lister Gardens
Prior to the construction of the sea wall in 1860, the area
now occupied by Langmoor and Lister Gardens was fronted by
an actively eroding sea cliff which exposed the lower part
(probably Bed Groups SB 1 to SB 9) of the Shales-with-Beef.
A similar cliff capped by the Devonshire Head Limestone is
present immediately SW of the town at Devonshire Head. The
undulating ground above this, in what is now the gardens, was
underlain by landslide deposits derived from the upper part of
the Shales-with-Beef (Figure 6). These deposits were added to
by a series of new landslides in the 20th Century. Continuously
cored site-investigation boreholes and rock-bitted boreholes, all
of which were gamma-ray logged by West Dorset District
Council (WDDC) engineering geologists, were drilled prior to
the engineering works. These showed that the principal failure
surface was mostly at c. 7 m below ground level (bgl) beneath
Lister Gardens and 4 to 5 m bgl beneath Langmoor Gardens
(Anon, 2002; Davis et al., 2002). At each locality, the failure
surface was in seaward dipping fissile mudstones the base of
Bed Group SB 11. This was confirmed when the excavations
were made for the remedial stabilisation works. A failure
surface was also observed below the sea wall in Bed Group
SB 1 a little above Grey Ledge (figure 2, Sellwood et al., 2000).
The excavations in the topographically higher parts of the
gardens were in landslide debris. Several of those in the middle
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Figure 5. Geological structure of the Lyme Regis onshore and adjacent offshore areas based on geological and seismic-reflection surveys
and cored boreholes made as part of the Phase II preliminary studies (after Gallois and Davis, 2001).

Figure 6. Geological sketch section between Holmbush Car Park and Lyme Regis beach. See Figure 3 for line of section.
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Figure 7. (a) Removal of the Beach Deposits to expose the ichthyosaur skeleton, November 2005. (b) Extraction of the ichthyosaur remains
bone by bone, Lyme Regis beach, November 2005. (c) Fragments (shown in red) of the 7-m long ichthyosaur Temnodontosaurus recovered
from the excavation made on Lyme Regis beach superimposed on a drawing (Hawkins, 1840) of an almost complete specimen found at
Lyme Regis in 1835. Inserts show part of the vertebrae of the new specimen prior to cleaning and assembly, and part of its left hind paddle.
(d) View NE across Lyme Regis beach prior to the construction of the new sea wall and replenishment of the beach, November 2005. Note
the patchy distribution of beach deposits, the exposed damaged groynes, and the temporary emplacement of rock armour to protect the
parking area for the excavating equipment. (e) The same view in June 2014. The beach huts (middle, left) are standing on the old sea
wall. The new sea wall is concealed beneath an artificially emplaced protective beach made up of 75,000 tonnes of flint/chert gravel
dredged from south of the Isle of Wight and 35,000 tonnes of Tertiary sand imported from Esquay-sur-Seulles, Normandy.
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and lower parts proved in situ mudstones overlain by
landslide debris. The most extensive of these, in Langmoor
Gardens, exposed a succession up to 2.5 m thick of calcareous
mudstones overlain by landslide debris (Figure 4c).
Comparison of the sections with the gamma-ray logs of adjacent
site-investigation boreholes confirmed their stratigraphical
position in Bed groups SB 8 to SB 10. The mudstones
contained a bed with widely spaced (1 to 2 m apart) septarian
nodules, flattened spheres and ovoids mostly 0.1 to 0.3 m
across at a closely similar stratigraphical horizon to the Alcinöe
Bed of the Shales-with-Beef type section below the Spittles [SY
3468 9268]. All the nodules appeared to have nucleated around
small, partially phosphatised ammonites (Figure 4d). Mr Howe
noted that although the outer parts of the nodules appeared to
be composed of dense impervious micrite, when broken open
they all (over 30 in total) contained water hosted in the voids
between the crystalline infill of septarian cracks in the cores of
the nodules. There are few published examples of similar
apparently watertight Jurassic septarian nodules that contained
water. Hudson et al. (2001) recorded the passage of at least
four generations of pore fluids in similar, apparently watertight,
septarian concretions in the Oxford Clay Formation of the
Peterborough area. The most recently preserved water had an
isotopic composition close to that of modern rainwater. The
water in the Lyme nodules was not salty and could not,
therefore, be Jurassic seawater. It is most likely Pleistocene or
younger in age having penetrated the nodules by molecular
diffusion and/or osmosis.

Holmbush drainage trench
A 1.5 m-wide and 4 to 5 m-deep drainage trench was
excavated over a distance of 100 m on the E and SE sides of
Holmbush car park (Figure 3). The excavation was designed to
intercept groundwater moving in permeable sandy Head
Deposits before it could enter the Lister Gardens landslide.
Over much of the northern part of its length the base of the
trench was in weak, partially oxidised grey mudstone (Black
Ven Marl Member) that had been softened by surface
weathering when exposed at some time in the past, and by the
action of modern groundwater. It was not possible, for Health
& Safety reasons, to examine the junction of the solid and Head
Deposits in situ, but large quantities of fresh spoil from the
deeper parts of the trench were made available. These showed
that the Head Deposits, up to 4+ m thick, were soft, yellow and
faintly greenish grey, mostly fine-grained glauconitic sands with
high moisture contents in their lowest part. Most of the sand
was probably derived by solifluction and sheetwash from the
decalcified and oxidised surface layers of the Foxmould
Member in the lower part of the Upper Greensand Formation.
The upper layers of the Head Deposits also contained chert
clasts derived from stratigraphically higher parts of the Upper
Greensand (Whitecliff Chert and Bindon Sandstone Members)
and flints derived from the Clay-with-Flints. The glauconitic
sands were readily identifiable as Head Deposits rather than as
in situ Upper Greensand by the absence of a bioturbated
unconformity at the junction of the two deposits. All the
exposures of the basal Cretaceous unconformity recorded to
date in west Dorset and east Devon are marked by a burrowed
surface overlain by up to 0.1 m of sandy clay crowded with
small ironstone and quartzite pebbles. Loose blocks of this
basal Cretaceous pebble bed are common in the landslide
debris below Ware Cliffs [SY 335 916], 400 m SW of Holmbush
car park.
The junction of the Black Ven Marl Member and the
overlying sand showed small-scale irregularities and flame
structures. Such structures are relatively common in ancient
sediments deposited in subaqueous environments when a
sediment load (commonly sand) is rapidly deposited on mud
that was still fluid. The only other situation in which flame
structures have been commonly recorded is that of rapid freezethaw environments in periglacial climates. In Britain, chalk that
has been completely reworked by the mechanical action of

freeze-thaw processes can become temporarily fluidised to
form involutions and flame structures when permafrost within
it thaws rapidly. The same process appears to have occurred
in the deeply weathered top layer of the Lias in the Holmbush
trench, probably in the late Pleistocene. The moisture content
in the surface layers of the already softened mudstone would
have exceeded the liquid limit during a rapid thaw of the upper
part of the permafrost layer at a time when the same thaw was
producing large volumes of sand-laden runoff.

SUMMARY

AND CONCLUSIONS

Taken together, the site investigations and the excavations
themselves provided new geological information about the
stratigraphy and structure of the early Jurassic rocks at Lyme
Regis. These data are directly applicable to the understanding
of the geology exposed in the scientifically important
successions that crop out in the cliffs and intertidal areas
adjacent to the town. The remedial works have enabled the
sea-front and gardens to be redeveloped after a period of many
years when it would have been unsafe to do so, and have
provided an attractive beach area which has been stable for
over seven years notwithstanding several major storms.
Summer visitors to the town are estimated to have increased by
10% from pre-2005 levels.
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