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his paper briefly reviews evidence for the

evolution of Chesil Beach on a geological

timescale; thereafter it looks at significant
descriptions by 16th to 18th century topographers,
historians and cartographers and, finally, attempts to
relate both these sets of data into the context of
more recent change. Apart from the summary of the
wave refraction data (Holmes, unpub.) and parts of
both Table 1 and Figures 1 (site map) and 2, no new
information is published here. For a general review
of work on Chesil Beach and a comprehensive list of
references up till that date, readers are recommended
to go to Carr and Blackley (1974). More detailed
information on the specific aspects discussed here
will be found in the various sources quoted
especially Carr (1983a) and Carr and Seaward
(1991, 1992).

Geological timescale

There seems little doubt that at earlier stages
in geological history the hills to the landward side of
the Fleet lagoon were exposed to marine action.
Indeed, boreholes carried out for the CEGB indicate
a cobble storm beach underlying the relatively recent
(in a geological sense), unconsolidated, deposits of
the Fleet. It is difficult to give a date to this (or
these) event(s). (There may have been more than one
because sea level is thought to have been at
approximately its present relative height on several
occasions during the Quaternary period.) An
immediate problem is that if there were ‘proto-
Chesils® which finally became destroyed what
happened to the bulk of the pebbles of which they
were composed? It seems improbable that attrition
rates of flints and cherts were sufficiently great to
destroy the bulk of the constituents.

But in any case the outline of the coast is
likely to have been substantially different from that
now prevailing. Bray (1990) has suggested that in
the Golden Cap area coastal retreat has averaged 0.6
m/yr to 1.0 m/yr over the past 5,000 years. This
would imply that the shoreline there would have
been 3 to 4 km seawards of its present position
5,000 years ago. Radiocarbon dates and pollen
analyses from peat deposits underlying Chesil Beach
and the Fleet indicate that some form of shingle
structure must have been in existence before 7,000
years BP. (Carr and Blackley, 1973; 1974). Both
historical data from West Bay, Bridport, and
cartographic evidence in the Burton Bradstock and
West Bexington areas supports the apparent long-
term trend towards recession although the
magnitude and timescales are not necessarily
comparable. Taken as a whole these data would
imply that either the coastline was far more
crenulated at earlier times and/or that any proto-
Chesil was likely to be located further seaward and
aligned at a substantially different orientation from
that now prevailing. The buried channel between
the Isle of Portland and the ‘mainland’ is further
evidence for different conditions in the past, while
Carr (1969) thought that anomalous size grading of
the shingle on parts of the backslope of the present
Chesil Beach implied other forms of structure at an
earlier date. Bray has suggested that the “fossil’
nature of Chesil Beach, whereby little or no new
material is added, is a comparatively recent
phenomenon and that the bulk of the pebbles and
cobbles of which Chesil is composed have been
supplied from the eroding cliffs to the west. Tracer
and sediment transport experiments on, and
computer modelling of, the beach (Carr, 1971;
Gleason and Hardcastle, 1973; Hydraulics Research,
unpub) do not support the concept of a westerly source,
at least under present conditions.



In sum, while the precise sequence of the
long-term evolution of Chesil Beach is far from clear,
there is little doubt that over a scale of centuries and
millennia, substantial changes have occurred. While
those prior to (say) 6,000 years ago would have been
driven by variations in sea level more recent ones
would relate to the present, more or less stable,
relationship of land and sea.

16th - 18th Century sources

One of the subjects over which there was
great controversy in the 19th century was whether
the crest of Chesil Beach was really lower in earlier
times - and thus that the beach was more liable to
breaching and overtopping - or not. (See Carr and
Blackley, 1974; Carr and Gleason, 1972.) Both
Leland, in the mid-16th century (ed. Smith, 1964)
and Camden (1610) described how the beach was
eroded away in ‘winds’ from a southerly quarter
only to ‘bindeth and hardneth againe’ (Camden,
1610) under winds from a northerly quarter. But
Leland described the beach as ‘Pible and Sand’ and
the winds from the southeast and northeast while
Camden wrote of ‘this Bank or Sand-ridge’. It seems
unlikely that Camden had been to the area and it is
possible that both wrote only from hearsay.
Hutchins (1774) alleged that: “When a strong N.E.
wind blows it cleaves it (i.e. the beach) asunder, and
sweeps away all the stones, leaving only a firm
brown clay ... With a S.W. wind, the most violent on
this shore, the sea throws up fresh pebbles, covers
the bank again, and consolidates, binds, and repairs,
the breaches, as firmly as before’. More reliable
witnesses are the Frenchman, de Luc, (1811) and the
famous lighthouse builder, Smeaton. The latter is
quoted extensively in the second edition of Hutchins’
History of Dorset (1803). The revised description of
the beach there categorically states: “The sea rarely
comes over the beach, and has never been known to
make a breach in it ... but in heavy weather it has
been known to come through the beach; and where
this happens there are hollow places, like the section
of the sand in an hourglass (where the sand is
concave), which the people on the coast call pills
or pells’.

Early cartographic evidence is scarcely more
helpful, either because of its small scale, its
inaccuracy, or both. Sometimes annotations on early
Lilly (1715)
accompanied his ‘Survey of the Fortifications in

maps and charts are more useful.

Plymouth Division® with a plan of Portland and
Weymouth. Unfortunately, in spite of its relatively
large scale, the map is not very accurate - for
example, there is no spit aligned towards
Smallmouth and the landward boundary of the
shore near Wyke is unconvincing. Nevertheless his
written description of the Isle of Portland is good.
Lilly suggested that Chesil Beach was ‘about 600
Foot broad, and 30 Foot high’. Carr and Gleason
(1972) were prepared to accept the possibility that
Lilly’s crest height might be true. Such a value
would make the accounts of ships being washed up
to - and in one case over - the crest as more plausible.
It would also make the instability of the beach
described by earlier historians marginally more
likely. However, a survey only a decade later, clouds
the issue with doubt. Thus, the 1725 plan of the Isle
of Portland and the coast from Lyme to ‘Swanwich’,
has a large plan of Portland Castle but only a very
small map showing the overall area. A double spit is
drawn from Portland towards Abbotsbury, but again
none towards Smallmouth. On this map there is an
observation that Chesil is ‘A Loose Pebble Stone
Beach about 60 feet high’. Although larger in scale,
and clearly more accurate, Murdoch Mackenzie’s
hydrographic chart of 1787 still does not provide
sufficient detail to contribute to the question of
beach recession.

Cartographic evidence prior to the 19th
century, and even to some extent thereafter, is

equivocal.

Evidence from 1852 to the present

Lewis (1931; 1938) believed that Chesil
Beach was very stable and that he could still
recognise the crest line recorded by Coode in 1852,
Although the crest height near Chiswell remained
constant from at least 1955 until 1978 (Carr, 1983a)
this degree of stability seems to be unrepresentative
of the longer term. In any case attacks by storm



waves and swell result in both altitudinal and lateral
changes. In a comparison between fair copies of
Coode’s original field data of 1852 and a survey of
1969, Carr and Gleason (1972) could only find one
area, opposite Portland Harbour, where landward
recession exceeded the possible plotting error
Furthermore, volumes of material both at those
dates and in a survey by the Nature Conservancy
Council in 1977 were very similar (Carr, 1981).
However, the 1852 and 1969 surveys did indicate a
remarkable increase in crest height along much of
the beach during the intervening period. At the time
Carr and Gleason found it difficult to explain the
phenomenon. However, the effects on the crest of
the long-period swell which occurred in February
1979 had had an analogue in 1904 (Carr, 1983a).
The latter is now thought to be the cause of much of
the altitudinal difference between 1852 and 1969.
This does not mean that locally-generated storm
waves are ineffective in changing both crest height
and lateral position. The burial of the 1942 water
main on the landward side of Chesil north-west of
Chiswell (Carr, 1983b) is evidence of this as are the
effects of gales in December 1978 in the Chiswell
area, and over the winter 1989-90 west of Portland
Nevertheless, Carr and Gleason (1972)
noted that month-to-month changes along much of

Bounds.

Chesil Beach resulting from storm waves between
July 1965 and July 1966 - a fairly typical year - were
often greater than the net lateral change between
1852 and 1969.

It is against this background of long-term
change, but doubts as to its timescale and extent,
that the changes between 1969, and to a lesser
extent 1852, and the present day have to be
measured. An immediate complication is the
disproportionate effect of ‘unique’ events such as
those of 1904 and February 1979. Furthermore,
periods of storminess, and hence wave height, vary
Since the 1960s wave heights in the

Atlantic appear to have increased (Carter and

over time.

Draper, 1988) and such non-stationarity cannot be
dismissed from earlier periods.

In 1973 and 1974 computer refraction
analyses were undertaken for a range of wave
periods and wave directions (Holmes, unpub.).
Only waves with periods of 10 seconds or longer
“felt’ the sea bed offshore to a significant extent.
While waves from 180" (i.e. due south) with a 12
second period - an infrequent combination - tended
to show focusing near Section 5 and Sections 15 and
16, it is waves from 225 and 240" that are most
affected by the bathymetry. The most relevant
direction overall is 225" 240" is more particularly
applicable to Chiswell. According to Hardcastle ahd
King (1972) the most frequent wave period is
between 10.0 and 10.5 seconds, although the less
frequent longer period waves would have a
disproportionately greater effect. Holmes’ data
show:

a) Wave approach from 225" (southwest):

10 s period: Slight refraction. Slight focus near
Section 5.

12 s period: Slight refraction. Energy focus between
Sections 5 & 6.

14 s period: Slight refraction. Main focus berween

Sections 3 & 6, especially between § & 6,
and a slight focus between Sections 12 &
13.

b) Wave approach from 240" (approximately
westsouthwest):
10 s period: Slight refraction mainly W. of Section 4
and especially W of Section 11. Results
in two energy foci, one just W. of Section
2 (Portland Harbour) and another
between Sections 8 and 9.

12 s period: Waves feel the sea bed well offshore
resulting in varying energy values
alongshore. Low just W. of Chiswell yet
relatively high between Sections 2 and 3.
Highest between Sections 6 and 7.

14 s period: Very similar refraction pattern to 12 s but
energy values are much higher if still
somewhat uneven. Main energy focus
between Sections 4 and 9; peak between

Sections 6 and 7.




What these results suggest is that although
there is the closest agreement between maximum
fetch and a line drawn normal to the shore at the
Chiswell end of Chesil Beach, energy foci are not
necessarily concentrated in that area and are liable to
change both with respect to the offshore direction of
approach and the wave period. Thus ‘different
stretches of beach respond preferentially to different
events’ (Carr, 1983a). This is true even on a smaller
scale. The comparison of the crest outline east of
Portland Bounds as far as Chiswell between 1969
and 1979 showed short stretches where there had
been no change amidst lengths where major
alterations had occurred as a result of the 1978-79
winter. In 1990 Carr and Seaward (1991; 1992)
found analogous features further west from Portland
Bounds towards Langton Herring and Abbotsbury.
There, there were isolated instances of overwash
from the seaward face of Chesil Beach having
reached the Fleet shore. Elsewhere there remained
traces of the former beach crest in the horns of
‘megacusps’ and the backslope was intact. Between
the horns the giant cusp had eaten into or even
through the original crest so producing a new, more
landward crest, at a lower level.

Figure 2 lists the various factors influencing
the fate of the beach under storm wave attack. In the
upper diagram, where the wave approaches at right-
angles to the shore, the wave’s potential to overtop
the crest will depend on the initial size of the wave
(and therefore its energy), the permeability of the
beach material, the extent to which energy is lost
through gravity and the crest height. In the lower
diagram the same factors apply but, in addition, the
oblique wave approach will result in a longer
trajectory of the beach. This means that permeability
will be more effective in reducing energy, and that
‘megacusps’ are a likely end effect as waves become
‘exhausted’. Even an individual wave can both push
up and strand sediment on the shore and yet comb
material down the beach face. The relative
proportions of one or the other will determine
whether the wave regime is constructive or
destructive overall.

]
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The changes in crest height and transverse
profiles noted by Carr and Seaward are a result of all
these factors, and their combination one with
another. It is no real wonder that the end effect,
while clear in direction (i.e. overall erosion or
accretion along a given length of beach) is so chaotic
in detail.

Carr and Seaward’s 1991 paper tabulated
mean heights for the beach crest for each 500m
length between Abbotsbury and Chiswell for 1969,
1979 (where applicable), and 1990. Thereafter
correlation coefficients were calculated between
crest height and position alongshore. For the current
paper the opportunity has been taken to extend these
data to include a similar analysis of Coode’s 1852
While there remain substantial
differences between the crest height for 1852 and

survey (Table 1).

1990 there are lengths of the beach, such as near
Section 6, and just east of the army bridging camp as
far as opposite Portland Harbour, where crest
elevations are now very similar. However, while
1852 and 1990 crest elevations have tended to
converge in height as compared with those of 1969
the trend regarding correlation coefficients remains
consistent, That is, the correlation between crest
height and longshore position for 1852 was greater
than that of 1969, which in turn was higher than
that of 1990. Carr and Seaward (1991) suggested
that while the value was still extremely high at the
latter date, a deterioration is precisely what might be
expected if the beach were showing any tendency to
break up. The fact that the 1852 data produces a
greater value than that of 1969, let alone 1990, gives
greater plausibility to the suggestion.



Conclusion

The existence of Coode’s data from 1852 is
extremely fortunate in that it provides some
historical context for the surveys between 1969 and
1990. Taken as a whole they emphasise the extreme
variability of process, frequency of events, and the
diversity of the results along the various lengths of
beach.

occurred over the last century and a half there seems

If such, almost stochastic, effects have

every reason to expect at least such a degree of
variability before that date, even over the time when
relative sea level has been close to its present height.
Furthermore, this relatively longer period change is
likely to be of an evolutionary nature rather than the
cyclicity more typical of the shorter term. If it is
difficult to hazard a reasonable estimate as to the
situation only a few centuries ago it becomes
virtually impossible to do more than produce an
intelligent guess as to the origins and evolution of
Chesil Beach over something approaching a
geological timescale.
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Table 1

Chesil Beach: Mean beach crest height for each 500m unit together with diffference in height
between 1852 and 1969, and 1852 and 1990 surveys. Sites run from 1 (Line of concrete blocks,
Abbotsbury Beach) to 31 (Chiswell), ie Sites 4 to 34 in Carr and Seaward (1991). Heights are in
metres above Ordnance Datum (approximately mean sea level).

Site No Mean height (m) Height Difference
1852 1969 1990 1969-1852 1990-1852

01 9.72 10.89 10.48 +1.17 +0.76

02 9.44 10.53 10.24 +1.09 +0.80

03 9.21 10.56 9.86 +1.35 +0.65

04 9.21 10.95 10.08 +1.74 +0.87 Maximum diff. 1969-1852 = 2.93m

05 9.74 10.94 10.11 +1.20 +0.37

06 9.31 10.92 10.64 +1.61 +1.33

07 9.40 11.15 10.88 +1.75 +1.48

08 9.44 10.97 10.39 +1.53 +0.95

09 9.35 11.42 11.19 +2.07 +1.84

10 1097 1179 11.41 +0.82 +0.44 Apgrox Langtory Herring

1" 10.88 11.73 11.47 +0.85 +0.57

12 10.60 11.76 11.57 +1.16 +0.97

13 10.73 11.56 11.08 +0.83 +0.35

14 10.52 11.23 10.69 +0.71 +0.17

15 10.82 11.80 11.25 +0.98 +0.43

16 10.95 11.80 11.49 +0.85 +0.54

17 10.86 11.54 11.30 +0.68 +0.44

18 10.80 11.85 11.41 +1.05 +0.61

19 10.63 12.22 11.53 +1.59 +0.90

20 1431 12.15 11.69 +0.84 +0.38
Approx. Portland Bounds

21 11.84 12.96 12.55 +1.12 +0.71 Max. diff. (atypical) = 2.27m*

22 12.00 13.01 12.49 +1.01 +0.49

23 12.26 12,70 11.89 +0.44 -0.37

24 1175 12.30 11.82 +0.55 +0.07

25 11.30 12.12 11.40 +0.82 +0.10

26 11.64 11.78 11.09 +0.14 -0.55

27 11.83 11.84 11.33 +0.01 -0.50

28 12.62 12.28 11.68 -0.34 -0.94

29 13.68 12.66 12.11 -1.02 -1.57

30 14.85 12.90 12.60 -1.95 -2.25 Sites 29 -31were modified through sea

31 14.63 12.80 13.52 -1.83 AN defence works Max. diff. = -4.62m*
(*1969 mean height - 1852 value)

For Sites 1-28 Height (m)
Mean of Means = 10.68 11.67 11.18
Corr. coeff. = 0.92 0.83 0.76

For Sites 1-31
Mean of Means = 11.04 11.78 11.33
Corr. coeff. = 0.90 0.87 0.76

Note: The Site Numbers in this Table are not directly related to the Section Numbers on
the map of the Chesil area (Figure 1). These run from west to east and are at half-kilometre
intervals; the Sections on Figure 1 run in the reverse direction and are spaced at mile intervals.




Figure 1 Chesil Beach, site map

Chesil Beach: site map showing location of most places referred to in the text. BC = army bridging camp and the Narrows;

CB = line of concrete blocks, Abbotsbury. This is approximately the West end of Coode’s 1852 crest profile and the West limit of
Site 1 in Table 1. Note how the zone of maximum fetch diverges progressively from East to West relative to a line drawn
(approximately) normal to the beach. There is almost perfect coincidence at Chiswell but this deteriorates towards the West.
The section numbers are those used by Carr and colleagues in 1965-69 surveys but are employed here to identify the energy
foci indicated in Holmes' 1973-74 wave refraction data (see text).
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Figure 2 Diagram to illustrate the factors affecting waves approaching
normal to the shore (above) and obliquely to the shore (below).
These factors include wave energy, approach angle, refraction,
beach height, beach permeability, ‘megacusps’, and gravity. See text.
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