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Figure 4. Analysis of ground-forming materials: Geology, cliff retreat and sediment yield.

actually reaching the beach are possible due to storage within
landslide systems. In fact, only 50% of the gravel released by
rapid retreat at Black Ven since 1957 has yet reached the
beach. A further 15 to 20 years of rapid supply are probably
required for equilibrium to be established. Nevertheless, re-
sults over the full 87 year study period showed that an ap-

proximate balance should exist between material inputs from
the backscar and outputs from landslides to the beach when
the full erosion cycle is covered (parallel retreat model).
Overall material yields are substantial, amounting to over
300,000 m3a~! (Table 2). Clay is the dominant sediment (78%)
with significant quantities of sand (17%), but only very small

Table 1. Geological succession of the west Dorset coast.
Maximum
Thickness at
Period Series Formation Lithology Coast (m)
Quarternary Superficial Angular chert and flint in a sandy clay ma- 5
Deposits trix. Perturbated and fissured
Cretaceous Upper Chert Beds Yellow-grey chert bands in coarse sandy 10
Greensand clay matrix
Foxmould Fine, yellow silty sand 35
Gault Gault Clay Soft, silty clay 13
UNCONFORMITY
Jurassic Middle Jurassic Clays, shales and limestones 74
Upper Lias Yellow sandstones 64
Middle Lias Soft clays, marls and hard sandstones 130
Lower Lias Soft clays, marls and thin limestones 150
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Table 2. Long term sediment yield.

Stonebarrow-

Golden Cap

Doghouse Hill-

Lyme-R. Char Golden Cap and Seatown West Bay Total
Material m'a ! G m'a ! G m'a ! % m'a ! % m'a ! %
Gravel 3,890 1.21 2,290 0.71 140 0.04 40 0.01 6,360 1.97
Limestone 7,800 2.42 840 0.26 120 0.04 740 0.23 9,500 2.95
Sand 17,600 5.47 14,650 4.55 5,820 1.81 17,040 5.30 55,110 17.13
Clay 134,710 41.86 76,510 23.79 17,130 5.33 22,420 6.97 250,770 77.95
Total 164,000 50.96 94,290 29.31 23,210 7.22 40,240 12.51 321,740 100

proportions of limestone (3%) and chert and flint gravel (2%).
Yields are strongly concentrated in the rapidly retreating
western parts (Figure 4). Especially important are the high,
eroding cliffs of Black Ven (Plate 2) that account for 50% of
the total yields. Particle size and abrasion resistance of the
different material types determine their fates once supplied
to the shore. The sandy and clayey strata are poorly consol-
idated and easily disintegrate into their constituent particles
which are transported offshore by wave action. Only chert,
flint and occasionally limestones are sufficiently coarse and
durable to form pebbles and boulders that contribute to the
beach. Long term gravel supply is estimated as 6.4 X 10?
m“a ', although, a slight adjustment for storage within land-
slide systems was necessary to determine yields to the shore
over the period 1901-1987, giving a rate of 4.9 X 10* m?a '.
Gravel yields are concentrated almost exclusively in western
parts and are negligible eastwards of Golden Cap where grav-
¢l bearing deposits are thin. The landslide complexes of Black
Ven (61%) and Stonebarrow (287%) form the major sites of
input reflecting the distributions of the thickest gravel bear-
ing deposits and the zones of most rapid retreat. Sediment
inputs should increase in the near future when the large vol-
ume of material currently engaged in throughput within the
Black Ven landslide system reaches the fronting beach.

The landslides along the west Dorset coast can therefore
be considered in terms of a flow of materials from backscar
to the shore. Most material is rapidly lost offshore, but debris
remaining on the foreshore affords protection against marine
erosion to the cliff toe. thus instigating negative feedback and
self-regulation of retreat. Only at the toes of very active land-
slide systems is the debris supply sufficiently rapid to tem-
porarily exceed removal so that material accumulates on the

Table 3. The west Dorset shingle beaches.

foreshore as mudslide lobes which form new littoral transport
boundaries. At most points on the coast, marine erosion ex-
ceeds sediment input, fines are lost offshore and shingle
beaches develop. The complete nearshore sediment circula-
tion system is therefore characterised by complex interac-
tions between the coastal landslides and littoral transport of
the materials that they deliver.

Beach Storage

The quantities and nature of the shingle stored on the
beaches represent the net result of the various fluxes and
flows within the study area. The beaches therefore were in-
vestigated by series of measured beach profiles and an inten-
sive pebble sampling programme that involved analysis of
12,000 beach pebbles across 14 transects (Bray, 1990). Re-
sults are summarised in Table 3 and compared with corre-
sponding details of the cliff gravel samples and also with data
from Chesil Beach obtained from the literature (CARR and
BLACKLEY, 1974; CARR, 1983). The volumetric comparisons
suggest that coastal landsliding could easily be the source of
all shingle on the three pocket beaches. In fact, a much larger
accumulation of beach shingle would be expected, if cliff input
had been maintained at current rates since sea-level ap-
proached its present position 4,000-5,000 years ago. Since
cliff erosion appears long established on this coast, the mis-
match between cliff input and beach volume clearly suggests
that major losses (output) must occur, and Chesil Beach is
the only substantial shingle deposit in the area that could
receive this alongshore transfer. It is also shown that pebble
lithology and longshore size grading were similar on all West
Dorset beaches including Chesil Beach. Slight variations are

¢ Chert

Roundness and Sphericity and Flint Volume tm*)

Beach Size Grading Sorting

ClLiff gravel input none, mixed sizes very poor
throughout

Charmouth castward (well de- very poor in west, but
fined) improving castward

Seatown castward (slight) improving castward

Eype castward (well de- improving ecastward
fined)

Chesil castward (exception-

good throughout, but
al) improving castward

unabraded and very angular 99.5 “32 million
improving castward, very angu- 94.4 277,000
lar in west
slight castward improvement 98.5 167,000
slight castward improvement 96.1 164,000
not studied 98.5 “16-63 million

Long term supply extrapolated over past 5,000 years
“Imprecision caused by variable thickness and composition at depth
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attributable to short-lived limestone pebbles supplied directly
from the eroding cliffs. The beach pebbles are of similar li-
thology and size range to gravel supplied to the coast by land-
slides. Clast roundness and sphericity are greater at sea level
due to marine sorting and attrition. Roundness and spheric-
ity both increase to the east, perhaps indicating progressive
abrasion of the angular cliff gravels as they are transported
in that direction. Results therefore suggest that the west Dor-
set beaches, including Chesil, were previously connected and
shared a common shingle source.

Beach Shingle Transport

Littoral drift was measured directly by a series of experi-
ments employing aluminium tracer pebbles (Bray, 1990), us-
ing the technique described by WRIGHT et al. (1978). Tracers
were efficiently recovered to a maximum depth of 0.45 m be-
neath the beach surface using metal detectors. Recovery
rates of between 60% and 100% were achieved per sampling
occasion. Tests were conducted simultaneously on 100% shin-
gle (St Gabriel’s) and mixed sand and shingle (Charmouth)
portions of Charmouth Beach during high (storm) and low
wave energy conditions. Tracer recoveries were undertaken
on 40 sampling dates covering a year so as to encompass a
wide and representative range of conditions. The data were
analysed using multivariate techniques to relate tracer trans-
port (dependent variable) with size, shape and position vari-
ables. Results indicate that shingle transport is most rapid
on the upper beach near the high water mark and larger trac-
er pebbles are the most rapidly transported. The observed
increase in pebble size from Charmouth to Golden Cap could
therefore have developed by preferential transport of larger
pebbles during eastward littoral drift. Similar results are re-
ported from Chesil Beach and have been used to explain its
unique size grading (CARR, 1971, 1974).

Longshore transport volumes were calculated from the ve-
locity, thickness and width of the moving shingle layer as
defined by the tracers. The volumes varied from 2 m*day '
to 22 m’day ' during frequent periods of low wave energy
westward drift, increasing to a maximum of 168 m*day ! dur-
ing less frequent periods of high wave energy eastward drift.
Results were used to calibrate sediment transport equations
(e.g., NicHOLLS and WRIGHT, 1991), so as to facilitate shingle
transport predictions at the two sites. Integration of results
with a representative wave climate originally developed for
West Bay over a 10 year period (HyDrAULICS RESEARCH,
1985) indicate a net eastward drift of 3.5 X 10" m*a ' at St
Gabriel’'s. At Charmouth, net eastward drift is estimated at
4.7 X 10* m"a ', but 40% of the material is composed of sand
and grit so shingle drift is 2.8 X 10* m*a '. Drift of the entire
beach sediment size spectrum decreases towards the east due
to the progressive offshore loss of fines. It should be noted
that the long term validity of these rates might be questioned
because of growing evidence that wind and wave regimes can
shift over decadal timescales (BAcoN and CARTER, 1991;
BraMpPTON, 1993). Virtually no beach monitoring has been
undertaken in this area, so it is not possible to independently
check the values against long term volumetric changes.

Onshore-Offshore Transport

Investigations of the offshore and nearshore zones were un-
dertaken to identify any submerged gravel deposits that
might offer evidence of onshore feed or offshore loss (Bray,
1986). Intertidal and nearshore diver inspections revealed
relatively little gravel seaward of the well defined beach toe,
but several zones of large interlocking limestone and sand-
stone boulders (boulder aprons) were located. These had
trapped small quantities of gravel and appeared to act as
transport barriers, effectively isolating the beaches from the
offshore zone. An offshore hydrographic and sediment sam-
pling survey also failed to locate any significant gravel de-
posits, but again identified boulder aprons and revealed that
they extend to a point some 3-4 km seaward of Golden Cap.
These are interpreted as the residue of ancient mudslides
that operated on an earlier retreating coast. Similar deposits
are still being formed by erosion of the present coast. Other
surveys of the wider offshore area of Lyme Bay and off Chesil
also failed to locate gravel banks (DARTON et al., 1980; DoB-
BIE and PARTNERS, 1981; BrITISH GEOLOGICAL SURVEY,
1983), so it is concluded that most of this material must have
remained at the shoreline as the coast retreated.

Gravel that does become trapped within the boulder aprons
is immobilised and lost from the beach system as the coast
retreats (entrapment). The quantities involved have been es-
timated by integration of measurements of the extent of the
boulder aprons and their gravel trapping capacity with long
term coastal retreat rates. Results reveal entrapment losses
to be very slow.

Outputs by Attrition

Impacts between pebbles during transport by wave action
result in fractures and the grinding off of small surface ir-
regularities (attrition). Losses occur as pebbles are reduced
in size and fines are transported seaward. Laboratory simu-
lations suggest that rates of loss vary directly as a proportion
of gross transport and inversely, according to the amount of
attrition a pebble has already undergone (KUENEN, 1964 ).
These parameters were estimated in the field using the trac-
er data (gross transport estimate) and pebble sampling data
(rates of rounding estimate) to develop a site-specific calibra-
tion of the laboratory studies (BRAY, 1990). Results suggest
that freshly supplied angular cliff gravel suffers an approxi-
mate 10% loss within its first year on the beach, whilst well
rounded pebbles are abraded very slowly. Although relatively
small, both attrition and entrapment outputs are important
because they both result in losses from otherwise closed sys-
tems.

Outputs by Beach Mining

Seatown Beach has been the main focus of the mining ac-
tivity, with substantial undocumented losses having occurred
during World War 1I for airfield construction. Eyewitness re-
ports state that the beach was stripped to bedrock so that at
least 170,000 m* must have been removed, depending on the
past beach volume. Operations resumed in 1950 and involved
removal of a further 34,000 m® of the largest, best rounded
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Figure 5. Shingle flow model of the Charmouth Beach sub-cell. Inputs

Distance (to scale) km

from cliff sources in the west are transported eastwards towards the one-way

valve of the Golden Cap headland. Beach volume fluctuates according to whether transport is “open” (output and beach depletion), or “closed” (storage
and accretion). The recorded improvement in beach volumes eastward reflects the closed condition that has prevailed since 1962.

pebbles for use as grinding media for the ceramics industry.
Mining ceased in 1987 following a Public Planning Inquiry
(BRUNDELL, 1985). Unlicensed removal of some 8,000 m? of
shingle is estimated from Eype Beach between 1954 and
1974.

BEACH SEDIMENT BUDGET ANALYSIS
A Flow Model for Charmouth Beach

The Charmouth Beach system is examined in detail, be-
cause it is the most dynamic and receives by far the greatest
inputs from cliff erosion (Figure 4). In compiling the budget,
it is necessary to integrate various elements, including the
differing magnitudes and frequencies of their component pro-
cesses. This is accomplished by modelling the flow of gravel
through the system over the study period 1901-1987 (Figure
5). Inputs are primarily from cliff erosion in western parts.
Net littoral transport is to the east, and consequently the
western part of the beach is subject to slight depletion despite
its proximity to supply. Accretion (an output in terms of flow)
is concentrated on the eastern part of the beach, explaining
the eastward increase in beach volume (Figure 5). Output of
gravel from the beach by offshore transport is assumed to be
negligible, as suggested by the tracer experiments and sea
floor sampling. Other gravel outputs from the beach by at-
trition and entrapment are comparatively small.

If Charmouth Beach were a fully closed system, substantial
accretion should have occurred since 1901. This is not sup-
ported by the comparisons with old maps, field reports and
the contemporary beach volume. The imbalance can be ex-
plained by intermittent pulses of eastward littoral drift (out-
put) beneath Golden Cap. Major mudslides at the headland
currently act as a total barrier to transport. However, obser-
vations along this coast have shown that mudslides evolve by
active phases of surging (e.g., Plate 2), separated by long
phases of low movement and active marine erosion. The bar-
riers formed are liable to retreat. Old photographs show that
landslide debris blocking the foreshore beneath Golden Cap
was eroded sufficiently between 1934 and 1949 to allow a
continuous beach to exist from Charmouth to Seatown
(“open” transport condition). Thereafter, minor mudslide
surges intermittently cut the beach until a major phase of
surging activity finally severed all connections in 1962
(BRUNSDEN, 1985). During “open” transport, the Golden Cap
headland operates as a one-way valve and delivers pulses of
shingle to Seatown Beach. All shingle drift is eastward at
rates equivalent to the gross transport in this direction esti-
mated by the tracer experiments. An analysis of shoreline
orientation and dominant wave approach directions based on
the West Bay data indicates that westward counter-drift
should be minimal. Charmouth Beach therefore alternates
between being an open and a closed system, and its beach
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Table 4. Beach gravel budgets 1901-1987.

Whole Area (long term

Charmouth Scatown Eype assuming no human
Budget Element Beach Beach Beach intervention)
Inputs Coastal Erosion 4.87 0.03 negligible 6.36
(m*a ' x 10%) Fluvial (River Char) 0.24 — — 0.24
Littoral Drift — 2.15 small from East Devon 6.70
Onshore Transport — — — —
TOTAL 5.11 2.18 — 13.30
Outputs Attrition 1.26 0.08 0.08 1.43
(m*a ' X 10% Littoral Drift *2.15 — — to Chesil 11.58
Entrapment 0.19 0.05 0.05 0.29
Beach Mining — 2.37 0.09 —
Offshore Transport — — small
TOTAL 3.60 2.50 2.22 13.30
Beach Store
(m* X 10%) (1987) 277.00 167.00 164.00 500.00-800.00
Balance
fm*a ' x 10% 1.51 -0.32 -0.23 0

*Pulsed input beneath the Golden Cap headland

volume fluctuates accordingly. The model indicates signifi-
cant beach accretion due to its “closed” state since 1962. At-
tention is drawn to the importance of establishing such an
understanding, because the likely impacts of future human
interventions should differ significantly according to the pre-
vailing system state.

The model also demonstrates that the spatial distribution
of cliff inputs and beach accretion zones are themselves im-
portant regulators of the coastal system. Beaches afford pro-
tection to the cliff toes. If retreat accelerates, gravel supply
increases; so in theory, beaches should accrete and marine
erosion should reduce. This idealised negative feedback
mechanism cannot operate efficiently on Charmouth Beach,
because eastward littoral drift prevents shingle accretion on
the foreshore beneath the major landslide supply areas. The
western part of the beach system is therefore characterised
by high sediment throughput and relatively low volumes of
shingle storage. Clay and sand are supplied in large quanti-
ties but are easily eroded and transported offshore. Lime-
stone boulders, chert and flint gravel provide only temporary
protection because of the low durability of the former and the
potential for longshore transport of the latter. The active
phase of landsliding initiated at Black Ven in the late 1950's
is therefore likely to continue, because natural basal protec-
tion cannot keep pace without additional landslide through-
put. It must be considered as an inherently eroding site that
functions as a valuable regional sediment source.

Gravel Budgets for Seatown and Eype Beaches

Gravel budgets have been compiled for Charmouth, Sea-
town and Eype beaches (Table 4). Intermittent littoral drift
outputs from Charmouth Beach are revealed as the main in-
puts to neighbouring Seatown Beach, so that it too fluctuates
between closed and open system states according to condi-
tions at the Golden Cap headland. In spite of these contri-
butions, a net shingle loss has prevailed duke to substantial
mining outputs. Transport connections around Golden Cap
are unlikely to be restored until at least 2020, when landslide

activity should have diminished, allowing mudslide barriers
to be eroded. The scientific evidence of net loss and closed
system status (since 1962) was critical in proving damage and
led to revoking of the long-standing planning permission for
shingle mining (BRUNDELL, 1985).

In the longer term, Eype Beach is part of the larger littoral
transport system receiving shingle from Seatown and then
passing it on to Chesil. However, it has been separated from
Chesil Beach by construction of the West Bay jetties (Plate
3), and from Seatown Beach by depletion of connecting beach-
es. It is now an entirely closed pocket beach that is isolated
from all new shingle sources and is suffering net loss (Table
4). Present trends for increasing cliff erosion are therefore
likely to continue, but gravel inputs cannot increase accord-
ingly because no suitable material is present in these cliffs.

Long-Term Coastline Evolution

The three pocket beaches have been studied by sediment
budget analysis for an 87 year period, long enough to signif-
icantly reduce variability arising from spatial and temporal
changes in their budget elements. Budgets must be consid-
ered over longer periods to understand the implications of
this research for Chesil Beach. Retreat of the West Dorset
coast has undoubtedly been long established. as indicated by
the submerged boulder aprons that extend 3 to 4 km seaward
of the present coast. Although difficult to date. it is suggested
that they represent the amount of cliff recession since seu
level approached its present elevation in this region approx-
imatelv 5,000 vears ago (HEYWORTH and Kinsoxn, 1982 1f
this is correct, coast retreat based on the position of offshore
boulder arcs has averaged 0.6 ma ' to 0.8 ma ' over the last
5,000 years. Since this long term mean rate is comparable
with the present day values teg.. 1901-1987 retreat from
Stonebarrow to Black Ven was between 0.4 ma ' and .¢
ma '), current shingle budgets might be projected back over
this period (Table 4).

Harbour structures at Lyme Regis and West Bay are recent
developments on this timescale, so shingle inputs would alse
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have been possible from the eroding East Devon coast to the
west of Lyme Regis (Bray, 1990). Without the jetties at West
Bay, Chesil Beach itself would have extended uninterrupted
at least as far westwards as the Doghouse Hill headland. The
combined cliff yields from the East Devon and West Dorset
coasts are considerable (Table 4). Assuming that yields are
typical of the land now eroded and that losses by attrition
and entrapment have remained constant through time, 58
million m* of gravel could have been produced as these coasts
retreated. Present day shingle storage between Lyme Regis
and West Bay is estimated at less than 1 million m?, so again
there is a disparity between input and storage.

It seems likely that surplus gravel could have drifted east-
wards along ancient pocket beaches to accumulate on Chesil,
which operated as the main sediment sink. There are no al-
ternatives either at the shoreline or offshore in Lyme Bay.
Chesil Beach is the closest shingle deposit of any size, with
its volume estimated at 16 to 63 million m? (CArRrR and
BLACKLEY, 1974); and allowing for differences in exposure to
marine attrition, the characteristics of its pebbles are iden-
tical to those produced by the eroding cliffs. Whilst the cliff
erosion inputs are clearly significant by comparison with the
present volume of Chesil Beach, they were unlikely to have
been the formative source. Chesil had already formed by
7,000 years BP (CARR and BLACKLEY, 1973, 1974) before sig-
nificant cliff retreat. Subsequent input from cliff sources
would therefore have nourished and enlarged the beach in
spite of continuous attrition losses. The original source ma-
terial was probably fluvial, periglacial and perhaps ancient
beach deposits on the floor of Lyme Bay, which gradually
decreased in importance as the rate of sea level rise slowed
in the late-Holocene. The closed system status of Chesil
Beach is therefore a more recent phenomenon than suspected
hitherto. It dates from alterations to the West Bay piers in
the mid 1860’s that effectively isolated Chesil from its re-
maining shingle source. Mining of Seatown Beach has further
depleted the supply pathway, making transport impossible
around the Doghouse Hill headland (a relict beach isolated
on the headland indicates the former connection). Renewed
material inputs to Chesil are unlikely in the foreseeable fu-
ture and will only be possible following restoration of the full
transport pathway.

MANAGEMENT APPLICATIONS OF THE
BUDGET ANALYSIS

In treating the coast as an integrated system, the research
has indicated the adverse impacts of some past activities and
provides a basis for anticipating the likely effects of future
interventions. Pocket beaches such as Seatown have been
identified as closed systems over planning timescales, so a
strong basis is established for identifying and controlling
damaging practices such as beach mining. This has assisted
Dorset County Council in their minerals planning process.

It is interesting to note that all the West Dorset beaches
behave naturally as open systems over long timescales. Al-
though headlands act as barriers to drift, they periodically
allow pulses of shingle to pass, so their long term effects are
not significant. In this context, the most problematic inter-

ventions have been the harbour structures at Lyme Regis and
West Bay that intercept littoral drift and isolate beaches from
their natural sources of supply. Well maintained structures
form permanent transport boundaries. Downdrift beaches
thus affected suffer net loss and become sensitive to further
interference and the cumulative effects of rising sea-level and
storm activity. Crest lowering and landward migration have
been recorded for Chesil Beach (CARR and SEAWARD, 1990,
1991), and numerous flooding events have occurred over the
past 30 years at Chiswell and West Bay (JOLLIFFE, 1979).
The shortage of beach shingle is clearly identified as a major
problem, but the changes to the transport pathways for fresh
shingle are such that the natural system is not easily re-
established. Shingle bypassing systems might have reduced
early problems, but at West Bay, serious beach loss has oc-
curred on both sides of the artificial barrier (BRUNSDEN,
1992). An alternative option at Chiswell has been to adopt
various engineering measures to reduce flood hazards (Hook
and KEMBLE, 1991), but this further interferes with natural
processes and could reinforce commitments to intervene more
widely (BRUNSDEN, 1992). Recycling is not an option, because
Chesil is a sink and has already accumulated all available
coarse sediment within its cell. Replenishment with exter-
nally derived material could compromise the integrity of this
unique landform. To do nothing could threaten human assets,
but might allow the beach to achieve a new quasi-stable equi-
librium. All options have associated risks, because those few
gravel barriers previously studied show a propensity for nat-
ural migration, with possible catastrophic breakdown under
extreme stress (ORFORD et al., 1991, 1995).

Research should aid management in avoiding future ac-
tions that interfere with key natural processes so that the
difficult problems outlined above do not develop. The present
study has identified the importance of cliff erosion in yielding
much of the region’s beach-forming sediment. Coastal plan-
ners might therefore formulate setback zones (Kay, 1990;
NaTioNAL REsEarcH CounciL, 1990) to ensure that the
main source areas (e.g., Black Ven), remain free to erode.
However, such policies should also ensure that pathways
linking sediment sources, mobile stores and sinks remain free
to operate. Shingle bypassing should therefore be included as
an essential part of the operation of any new structures that
might form artificial boundaries. Using the budget and flow
models presented here, future changes can be assessed. For
example, an empirical model study of the effects of sea-level
rise on the West Dorset cliffs indicates that, in places, erosion
might double by 2050 (BrAay and HOOKE, 1995). Resultant
increased sediment yields can then be estimated, and traced
through the coastal process system to indicate the locations
and timings of their potentially beneficial downdrift effects.
An integrated management strategy might be developed to
include different approaches operating over different time-
scales. Restoration of a stable natural process system is iden-
tified as the major objective; but due to past damage and
natural lags in restoring processes, it is only possible in the
long term. Meanwhile, it might be justifiable to employ en-
gineering interventions to reduce hazards in the short-term
provided that natural systems are not damaged irrevocably
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in the process. The long term objective should be to allow
time for a stable natural system to be restored.

CONCLUSIONS

An improved understanding of coastal processes, landforms
and landscapes is needed to manage littoral sediment in a
sustainable manner and to minimise needs for structural in-
terventions. In working towards these objectives, a geomor-
phological systems approach has been applied successfully to
investigate a complex and dynamic coastal system at a va-
riety of scales. At the strategic level, it is sufficient to identify
independent cells and partially dependent sub-cells for shore-
line management units. At regional and local levels of oper-
ational responsibility, it is important to apply a more rigorous
approach to quantify a littoral sediment budget. Analysis of
the processes, rates and timescales of material flow can then
be integrated with details of the resulting landforms to iden-
tify the long term trends toward which the landscape is evolv-
ing. Only when such an understanding has been achieved can
past modifications and future impacts be fully assessed.

In West Dorset, complex links have been demonstrated be-
tween eroding cliff sediment sources and the beaches they
supply, including Chesil Beach. Future research should re-
cognise that Chesil Beach has been sustained by and has
evolved as part of a larger process system. Boundaries to sed-
iment transport systems are not always clearly defined and
can evolve naturally in a complex manner, as at Golden Cap.
Others can be produced artificially, i.e., the West Bay jetties.
Failure to recognise these features has resulted in human
interventions having serious unintended side-effects that
have modified the natural littoral sediment system and iso-
lated Chesil Beach as a separate unit. As a closed system,
the beach is now more sensitive to direct interventions. Al-
though it has been possible to control damaging beach min-
ing, shortages of shingle remain a major problem. Current
trends for increasing cliff erosion are unlikely to replenish
the depleted beaches in the short term due to lags in the
process system. Meanwhile, pressure is likely to intensify for
further short term engineering solutions. Restoration of the
full natural system therefore needs to be viewed as a long
term objective that is additional to any short term remedial
actions.

The Dorset coast demonstrates the problems that can re-
sult from the differences between geomorphological and plan-
ning timescales. It should be appreciated that management
based on natural process systems demands forward planning
over longer intervals than hitherto contemplated. Coastal
managers should realise that this type of approach is not sim-
ply a research tool but has practical management value and
is widely applicable elsewhere. Many coastal environments
have been modified by human activities or face imminent in-
terventions, and it is valuable to apply similar methods to
understand the spatial and temporal dimensions of such
modifications when planning future management strategies.

ACKNOWLEDGEMENTS

This paper has been developed from work undertaken dur-
ing a research studentship supervised by Professor D.K.C.

Jones at the London School of Economics and funded jointly
by Dorset County Council (DCC) and West Dorset District
Council. Special thanks are due to staff within the Planning
Department (DCC) for extensive logistic support. Professor
D. Brunsden, Kings College, London is thanked for his en-
couragement and specialist advice.

LITERATURE CITED

Bacon, S. and CARTER, D.J.T., 1991. Wave climate changes in the
North Atlantic and North Sea. International Journal of Climatol-
ogy, 11, 545-558.

Birp, E., 1989. The beaches of Lyme Bay. Proceedings of the Dorset
Natural History and Archaeological Society, 111, 91-97.

BowgN, A.J. and Inman, D.L., 1966. Budget of Littoral Sands in the
Vicinity of Point Arguello, California. C.E.R.C. Technical Memo-
randum No. 19, 41p.

Bramprron, A, 1992. Beaches—the natural way to coastal defence.
In: Coastal Zone Planning and Management, Chapter 19. London:
Thomas Telford, pp. 221-229.

BramprroN, A., 1993. Design implications from the South Coast
shingle study. In: Proceedings of MAFF Conference of River and
Coastal Engineers. London: Ministry of Agriculture Fisheries and
Food, pp. 3.1.1-3.1.13.

Bray, M.J., 1986. A Geomorphological investigation of the South-
west Dorset Coast. Volume 1: Patterns of sediment supply. De-
partment of Geography, London School of Economics. Report to
Dorset County Council and West Dorset District Council, 144p.

Bray, M.J., 1990. Geomorphological investigation of the South-west
Dorset Coast. Volume 2: Sediment transport. Department of Ge-
ography, London School of Economics. Report to Dorset County
Council and West Dorset District Council, T98p.

Bray, M.J., 1992a. Chesil Beach. In: ALLISON, R.J..ted.), The Coast-
al Landforms of West Dorset. London: Geologists' Association, pp.
106-118.

Bray, M.J., 1992b. Coastal sediment supply and transport. In: A~
LISON, R.J., (ed.), The Coastal Landforms of West Dorset. London:
Geologists’ Association, pp. 94-105.

Bray, M.J.;: Carter. D.J., and Hooke, J. M., 1992, Sea-Level rise
and global warming: Scenarios, physical impacts and policies. De-
partment of Geography, University of Portsmouth, Report to SCO-
PAC, 205p.

Bray, M.J.; Carrer, D.J., and Hooke, J. M., 1995, Littoral cell det-
inition and budgets for central southern England. -Journal of
Coastal Research, 11, 381-400.

Bray, M.J. and Hookg, J.M., 1995. Coastal cliff erosion with accel-
erating sea-level rise. Journal of Coastal Research 1in press).

BritisH GEOLOGICAL SURVEY, 1983. Sea Bed Sediments and Qua-
ternary Geology. Portland and Lvme Bav, 1:250.000 Series Map.
Southampton: Ordnance Survey.

BrunbeLL, M.J., 1985. Inspectors Report on a Public Inquiry Into
an Appeal Against the Refusal of Dorset County Council to Permit
the Continued Winning and Working of Pebbles and Graded Shingle
at Seatown Beach, Seatown, Chideock. London: Department of En-
vironment.

BrUNSDEN, D., 1985. The supply of beach material to Seatown
Beach, Dorset. Report to Dorset Countv Council, Dorchester, UK,
8p.

BrUNSsDEN, D., 1992. Coastal and landslide problems in west Dorset.
In: Coastal Instability and Development Planning, Papers and Pro-
ceedings of the SCOPAC Conference, Portsmouth 24 October 1991,
pp. 29-44.

BrunsbeN, D. and Goubik, A., 1981. Classic Coastal Landforms of
Dorset, Landform Guides No. 1. Sheffield: The Geographical As-
sociation, 39p.

BruUNsDEN, D. and Jonks, D.K.C., 1976. The evolution of landslide
slopes in Dorset. Philosophical Transactions Royal Society London,
A283, 605-631.

BrunsDeN, D. and Jones, D.K.C., 1980. Relative time scales and

Journal of Coastal Research, Vol. 13, No. 4, 1997



1046

Bray

formative events in coastal landslide systems. Zeitschrift fiir Geo-
morphologie, Supp. Band, 34, 1-19.

BRUNSDEN, D. and THORNES, J.B., 1979. Landscape sensitivity and
change. Transactions of the Institute British Geographers, 4, 463
484.

CARR, A.P., 1969. Size grading along a pebble beach: Chesil Beach,
England. Journal of Sedimentary Petrology, 39, 297-311.

CARR, A.P., 1971. Experiments on longshore transport and sorting
of pebbles: Chesil Beach, England. Journal of Sedimentary Petrol-
ogy, 41, 1084-1104.

CARR, A.P., 1974. Differential movement of coarse sediment parti-
cles. Proceedings of the 14th Conference on Coastal Engineering,
ASCE, Copenhagen, pp. 851-870.

CARR, A.P., 1983. Chesil Beach: Environmental, economic and socio-
logical pressures. Geographical Journal, 149, 53-62.

CARR, A.P. and BrackLEY, M.W.L., 1973. Investigations bearing on
the age and development of Chesil Beach, Dorset, and the asso-
ciated area. Transactions, Institute British Geographers, 58, 99—
111.

CARR, A.P. and BrackLEY, M.W.L., 1974. Ideas on the origin and
development of Chesil Beach, Dorset. Proceedings of the Dorset
Natural History and Archaeological Society, 95, 9-117.

CARR, A.P. and SeawArD, D.R., 1990. Chesil Beach: Changes in
crest height, 1965-1990. Proceedings of the Dorset Natural History
and Archaeological Society, 112, 109-112.

CARR, A.P. and SEAWARD, D.R., 1991. Chesil Beach: Landward re-
cession, 1965-1991. Proceedings of the Dorset Natural History and
Archaeological Society, 113, 157-160.

CravToN, K.M., 1980. Beach sediment budgets and coastal modifi-
cation. Progress in Physical Geography, 4, 471-486.

DARTON, D.M.; DINGWALL, R.G., and McCaNN, D.M., 1980. Geolog-
ical and Geophysical Investigations in Lyme Bay, Report No. 79/10,
Institute of Geological Sciences, UK, 24p.

DoBBIE and PARTNERS, 1981. Chesil Sea Defence Scheme: Investi-
gation of Offshore Gravel Deposits. Consultant’s report to Wessex
Water Authority and Weymouth and Portland Borough Council,
5p.

DRAPER, L. and Bownass, T.M., 1983. Wave devastation behind
Chesil Beach. Weather, 38, 346-352.

HarDCASTLE, P.J. and King, A.C., 1972. Chesil Beach sea wave re-
cords. Civil Engineering and Public Works Review, 67, 299-300.
HEywoRTH, A. and Kipson, C., 1982. Sea-level changes in south-
west England and Wales. Proceedings of the Geologists’ Associa-

tion, 93, 91-111.

Hooxk, B.J. and KEMBLE, J.R., 1991. Chesil sea defence scheme. Pa-
per 1: Concept, design and construction. Proceedings of the Insti-
tution of Civil Engineers, Part 1, 90, 783-798.

HyprauLics RESEARCH, 1985. West Bay Harbour. A numerical
study of beach changes east of the Harbour entrance. Wallingford,
UK: Hydraulics Research Ltd, Report EX 1301 to West Dorset Dis-
trict Council, 33p.

HyprAULICS RESEARCH, 1991. West Bay Harbour: Analysis of Recent
Beach Changes East of the Harbour. Wallingford, UK: Hydraulics
Research Ltd, Report; EX 2272 to West Dorset District Council,
16p. plus 13 tables, figures and plates.

JOLLIFFE, L.P., 1979. West Bay and the Chesil Bank, Dorset. Coastal
regimen conditions, resource use and the possible environmental
impact of mining activities on coastal erosion and flooding. De-
partment of Geography, Bedford College, University of London.
Report to West Dorset District Council, Dorset County Council, 87p.

JacoBseN, E.E. and ScuHwaRrTz, M.L., 1981. The use of geomorphic
indicators to determine the direction of net shore-drift. Shore and
Beach, 49, 38—43.

Kay, R., 1990. Development controls on eroding coastlines: Reducing
the future impact of greenhouse-induced sea level rise. Land Use
Policy, 7(2), 169-172.

KuEeNEN, P.H., 1964. Experimental abrasion: 6. Surf action. Sedi-
mentology, 3, 29-43.

Moryka, J.M. and BrampTON, A.H., 1993. Coastal Management:
Mapping of Littoral Cells. Report SR 328. Wallingford: Hydraulics
Research Ltd, 102p.

NatioNAL REsSeAarcH CounciL, 1990. Managing Coastal Erosion.
Washington DC: National Academy Press. 163p.

NicuorLs, R.J. and WRIGHT, P., 1991. Longshore transport of peb-
bles: Experimental estimates of K. Proceedings of the Coastal Sed-
iments of '91, ASCE, Seattle, pp. 920-933.

NorpstrOM, K.F., 1994. Beaches and dunes of human-altered
coasts. Progress in Physical Geography, 18, 497-516.

ORFORD, J.D.; CARTER, R.W.G., and FORBES, D.L., 1991. Gravel bar-
rier migration and sea-level rise: Some observations from Story
Head, Nova Scotia, Canada. Journal of Coastal Research, 7(2),
477-488.

ORFORD, J.D.; CARTER, R.W.G.; JENNINGS, S.C., and HINTON, A.C.,
1995. Processes and timescales by which a coastal gravel-domi-
nated barrier responds geomorphologically to sea-level rise: Story
Head barrier, Nova Scotia. Earth Surface Processes and Land-
forms, 20, 21-37.

PriLkey, O.H. and HowARrD, J.D., (conveners) 1981. Saving the Amer-
ican Beach: A Position Paper by Concerned Coastal Geologists.
Skidaway Institute of Oceanography Conference on America’s
Eroding Shoreline, Savannah, Georgia, 12p. (reprinted in Geo-
times, 26 (12), 18-22).

TAGGART, B.E. and ScHWARTZ, M.L., 1988. Net shore-drift direction
determination: A systematic approach. Journal Shoreline Manage-
ment, 3, 285-309.

WiLsoN, N.V.; WELcH, F.B.A.; RoBBIE, J.A. and GREEN, G.W., 1958.
The Geology of the Country Around Bridport and Yeovil. Memoir
of the British Geological Survey, Sheets 327 and 312. London,
HMSO, 239p.

WRIGHT, P.; Cross, J.S., and WEBBER, N.B., 1978. Aluminium peb-
bles: A new type of tracer for flint and chert pebble beaches. Ma-
rine Geology, 27, M9-M17.

Journal of Coastal Research, Vol. 13, No. 4, 1997
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Plate 1. The Chesil Beach shingle barrier. Extending some 28 km westwards to West Bay in the distance, it affords protection to the Fleet Lagoon and
a low-lying developed hinterland (foreground).
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Plate 2. The cliff landslide complex of Black Ven. Major failures involving massive mudslide surges deliver lobes of sediment to the shore. Their erosion
produces characteristic residual boulder aprons. Note that the lobes cut the beach and intercept littoral drift.
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Plate 3. The shingle transport barrier formed by the jetties at West Bay. Extensive coast protection structures and cliff regrading have been undertaken
following major shingle losses from the western (Eype) beach. Note that the accumulation pattern against the jetties is not a reliable guide to net drift
because of the depleted and isolated nature of Eype Beach. Numerical modelling studies show that net drift has actually been towards the camera
(eastwards) since 1982 (HyprAULICS RESEARCH, 1991).
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