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1 Summary

Retreat of chalk cliffs and erosion of the shore platform releases flint from the chalk that
contributes shingle to the beaches of the BAR coast. The amount of flint contributed depends
on the rate of retreat and amount of flint present in the chalk. Measurements of the flint in the
chalk for the whole BAR coast have been carried out using photographs of the chalk cliffs to
calculate flint content. Flint content varies significantly along the BAR coastline ranging from
11% near Etretat to less than 1% on part of the Isle of Thannet. The differing lengths of
coastline, rates of retreat and flint content lead to differing contributions that are in the order
of 8,500 m?y™' for the English side and 47,000 m®y™ for the French side.

2 Aims

Calculate the flint shingle contribution from cliff retreat and shore platform erosion.

3 Introduction

Both chalk cliff retreat and erosion of the chalk shore platform produce flint shingle that
contributes to the volume of shingle forming the beaches of the BAR coast. An assessment
of the present day and historic input puts into perspective the geological evolution of the BAR
coastline which on the UK side includes large shingle accumulations at Dungeness and the
Crumbles, that are unlikely to have formed solely from shingle derived from the cliffs by
present day processes.

4 Method

Flint content has been measured using digital photographs of the cliff face as detailed in
(Dornbusch, 2002, pages 10-11; Dornbusch et al., in press). These were either taken in
2x2m sections along the cliff foot in East Sussex, or with appropriate tele-lenses (East
Sussex and Kent). The resolution of the photos is greater than 0.5 cm on the ground and
allows the flint to be clearly identified on screen in the photographs.

Flint content values are combined for multiple photographs of a range of representative sites.
Based on the geology as exposed along the cliffs in East Sussex (Figure 1) flint percentage
have been calculated for individual chalk members and from their distribution within the cliff
for distinct stretches of coastline. The low inclination of the Chalk in Kent (Shephard-Thorn,
1988) and the higher number of profiles sampled means that the flint content shown in Figure
4 is the flint content directly measured.

If the two-dimensional area occupied by flint is assumed to be representative of the three-
dimensional content of flint in the cliff then this can be calculated as a percentage from the
area of the photographic image occupied by flint.

Data for France has been obtained from photographs by LCHF (1972) and is reported in
Costa (1997) together with alternative data by Costa et al. (1996) and Laignel (1993).

BAR Phase |, February 2003 — January 2005 2
Science Report: Contribution of flint shingle from cliff retreat and shore platform erosion



120 —

Cliff height (m)

40 —

Brighton

0

Paleogene sediments

Castle Hill beds

Culver

Bastion Steps beds
Meeching beds

Peacehaven beds
Old Nore

Newhaven

Splashpoint beds
Haven Brow
2

Cuckmere %
Seven Sisters flint band a
Belle Tout

Lewes

New Pit

Hollywell Nodular

Bastion Steps

10

Upper Chalk

Middle Chalk

Newhaven

Cuckmere Haven

Seaford

Distance (km) 20

Beachy Head

Simplified chalk stratigraphy along the cliffs of East Sussex

Birling Gap

Figure 1 Simplified profile of the chalk stratigraphy along the Sussex coast (stratigraphic
sources: Mortimore, 1997; Mortimore et al., 2001; Young and Lake, 1988),. Vertical scale

exaggerated.

5 Flint content

Flint content for Chalk in East Sussex is shown in tabular form in Figure 2. Figure 4 shows
the spatial pattern of varying flint content along the BAR coastline. In France, flint content
declines from southwest to northeast, while in England the picture is more fragmented but
overall the flint content is significantly less. Flint content increases from west to east in East
Sussex and is low on the Isle of Thanet. Around South Foreland a ‘hot-spot’, with high flint
content, is found at St. Margarets with low flint contents on either side.

Chalk Member Flint content (%)
Upper Newhaven 1.5+0.5
& Culver
Newhaven 2+0.5
Seaford 35+0.5
Lewes 4.5+0.5

A

Coastal stretch Flint content (%)
Saltdean to Newhaven 1.5+0.5
Seaford Head 35+0.5
Cuckmere Haven to Belle 25+0.5
Tout

Belle Tout to Beachy Head 4.5+0.5

B

Figure 2: Flint content for A) different Chalk members, B) different stretches of coast in

East Sussex

Chalk Member Flint content (%)
Turonian inferior 0,9
Turonian moyen 4,1
Turonian superior 4,7
Coniacien 12
Santonien 14,2
Campanien 15

Figure 3: Average flint content for the French cliffs taken from table 4 in Costa (1997)

However, high flint content does not necessarily mean high flint input as this will also depend

on the rate of cliff retreat. Figure 5 shows the relationship between the flint content and cliff
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retreat rate for the French coast, Figure 6 the same for the English coast. In France, the
highest flint content coincides with the lowest rates of cliff retreat and higher rates of cliff

retreat generally coincide with lower flint content.
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Figure 4: Flint content for the BAR coast showing for representative locations the
percentage of flint in the chalk found in the cliff face.
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Figure 6: Relation between cliff retreat rate and flint content for the English coast.

On the English side, if East Sussex and Kent are considered together, the relationship is less
clear. In East Sussex the highest flint content coincides with the lowest rates of cliff retreat
but in Kent both retreat rates and flint content are variable and low.

The annual volume of flint contributed from cliff retreat is tabulated in Figure 7. The total
volume of 6000 m 2y for the English coast is one fifth of the annual contribution on the
French side. The report on cliff retreat and shore platform erosion suggests that to allow 10%
of the rate of cliff retreat for the shore platform erosion would probably be a reasonable,
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possibly an overestimate of the contribution from this source. Taking this into account, both
processes will probably contribute ~6500 m* y™' of flint shingle on the English side and
~35000 m?y', on French side.

Annual cliff retreat Flint content  Annual flint production

(m) (%) (m?)
Brighton to Newhaven 0.30 1.5 600
Seaford Head 0.25 3.5 1200
Seven sisters 0.43 2.5 2600
Beach Head 0.12 4.5 1000
Abbots cliff to Kingsdown 0.08 2.5 500
Ramsgate to Broadstairs 0.07 1.5 50
Broadstairs to Westgate 0.05 0.3 0
Sum 6000
Cap d'Antifer / Etretat 0.09 14 1500
Etretat / Vaucotte 0.15 12.2 4000
Vaucotte / Yport 0.12 10.7 400
Yport / Fécamp 0.10 10 1400
Fécamp / Senneville-sur-mer 0.12 94 900
Senneville / St-Pierre-en-Port 0.26 8.7 5000
St-Pierre / Veulette-sur-mer 0.17 9 3200
Veulette / Central de Paluel 0.14 10.5 700
Paluel / St-Valéry-en-Caux 0.24 10.9 3300
St-Valéry / Veules-les-Roses 0.21 11.6 2500
Veules-les-Roses / Quiberville 0.29 8.8 2100
Quiberville / Pourville 0.34 8 2000
Pourville / Dieppe 0.32 8.3 1600
Dieppe / Puys 0.17 8.6 100
Puys / Penly 0.17 6.2 800
Penly / Criel-sur-mer 0.28 5 1300
Criel-sur-mer / Le Tréport 0.13 5.2 400
Le Tréport / Ault 0.21 1.5 500
Sum 31700
Figure 7: Summary table of cliff retreat rates, flint content and mean annual flint

production.

Given that the volumes calculated are for solid flint, the contribution to the volume of beach
will be higher as the flints will become part of the beach with a void space of ~35%.
Therefore the contribution to beach volumes is likely to be 8,500 m? y ' for the English side
and 47,000 m? y" for the French side.

6 Discussion

The flint shingle contribution to the beach system needs to be related to the amount of
shingle present in the system to assess its importance. On the English side it is estimated
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that about 200,000,000 m? of shingle are locked in the accumulation at Dungeness alone.
Volume measurements on the French side calculate the total beach volume between Cap
d’Antifer and Le Hourdel at 17,000,000m? (this does not include shingle buried beneath
urban development at places such as Dieppe or Le Treport). If one makes the bold
assumption that cliff retreat has occurred at the present rate over the past 2000 years, the
production on the English side would amount to 17,000,000 m® and thus be less than 10% of
the shingle at Dungeness. On the French side, the same retreat would have produced
94,000,000 m3, almost five times more than is present in today’s beaches. The calculation for
the French side shows, that the assumption of continuous retreat over millennia at today’s
rates is highly unlikely.

In fact, at the present rate, the shingle on the French coast could have been produced in less
than 400 years which appears to be an equally bold assumption.

7 Outlook for Phase 2 of BAR

From the perspective of geological time, the contributions of the present day cliff retreat to
the shingle budgets of the BAR coast provides a mixed picture by, on the one hand failing to
provide the material that is seen in Holocene deposits on the English side, and on the other
hand by producing more material that can be found on the French side. As a Holocene
transfer of shingle from the French to the English side is impossible, rates of cliff retreat must
have been very different during the Holocene from those observed today.

Assessing the trend in cliff retreat rates for the last 130 years is important for our
understanding and prediction of future rates of cliff retreat.
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