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GLOSSARY

Diamict/Diamicton

Glauconitic sand

Littoral
Mud
Sand
Gravel
PSD

Pleistocene

Quaternary

Tertiary

Till
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Poorly sorted sediment of varying grain size. In this area associated
with glacial deposition. The term is interchangable with #ll.

Green clay mineral which forms granule aggregates up to 1 mm in
diameter. Produced on continental shelves.

Intertidal

Sediment grain size <0.063 mm (63 u)

Sediment grain size 0.063 mm - 2 mm

Sediment grain size >2 mm

Particle size determination

One of two epochs of the Quaternary which lasted from approximately
2 million years (Ma) to about 10,000 years ago. The Holocene is the

other epoch which began about 10,000 years ago.

The period of geological time which covers approximately the last
2 Ma.

The period of geological time which began about 65 Ma ago and lasted
approximately 63 Ma.

Sediments deposited by the direct action of glacial ice; normally poorly
sorted. The term is interchangable with diamict/diamicton.



EXECUTIVE SUMMARY

The successful implementation of soft engineering schemes for coastal and flood defence
requires realistic long-term forecasts for the demand and supply of replenishment materials.
The coastline of Eastern England from the north shore of the Thames Estuary to the north
east corner of the Wash is an area which includes extensive cliffs of relatively soft sediments
which, under wave attack, provide or have the potential to provide sediment to the littoral and
nearshore environment.

This report provides a quantitative basis for estimating the volume and proportion of mud,
sand and gravel input from cliffs in this area. Although no account has been taken of the state
of cliffs in terms of coastal defence and current erosion conditions, the data presented is
available for integration into models of coastal recession and littoral and nearshore budget
calculations.

The cliffs in gross sediment character terms can be broken into three primary and one
subordinate sector. These are, a southern sector, dominated by muds, from Mersea to Harwich
characterised by cliffs of London Clay with some Pleistocene sand and gravel and Red Crag.
A central sector, from Felixstowe to Caister predominantly distinguished by Plio-Pleistocene
Crag sequences, mainly of sand. A northern sector, comprising a virtually continuous line of
cliffs from Happisburgh to Weybourne dominated by a heterogeneous mixture of mainly
glacial sediments, principally mud and sand. A subordinate sector at Hunstanton, on the
Wash, where a rock cliff of Chalk and Carstone provides mainly sandy sediment. The Chalk,
because of its solubility, is not the principal contributor of sediment.

For the sectors identified above, the southern sector's total potential of eroded sediment is
estimated at 181,000 m’ per m recession, the central sector, 309,000 m’ per m recession, and
the northern sector, with the highest cliffs, 692,000 m’ per m recession. The cliffs at
Hunstanton are a minor component of the system with potential volumes of only 16,000 m’
per m recession.

In terms of future sediment inputs from cliff erosion in the areas covered by this study, it
appears that the stratigraphy indicated by the present cliffs, and the volume and character of
the sediments identified by this study are likely to be applicable to any recession scenario
invoked for the next hundred years.

The volume and sediment character data has been incorporated into the Environment Agency
Shoreline Management System as graphical and database elements

The methods adopted for this study are readily applicable to other areas of potential cliff
erosion. The system of cliff section surveys at intervals based on cliff morphology and
geology provides a method which is rigorous and cost effective and can be updated at any
time, increasing the precision and value of the original survey.

Keywords.  Cliffs, Coastal defence, East Anglia, Essex, Erosion,
Sediment, Sediment budget.
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1. INTRODUCTION

The successful implementation of soft engineering schemes for coastal and flood defence
requires realistic long-term forecasts for the demand and supply of replenishment materials.
Such forecasting can only be made from an understanding of the nature and rate that materials
are introduced naturally to littoral and nearshore sedimentary budgets.

Sediment is introduced to the nearshore and littoral budgets from four main sources:
. Inland catchments via streams and rivers.

. Sea cliffs.

. Scoured shore and nearshore substrate.

. Offshore sea bed sediments.

In addition sand may be reintroduced to the littoral budget from coastal sand dunes, or from
further afield as windborne fines. For grain and clast sizes larger than medium sand sea cliffs
are the most important source of sediment. The volume and nature of material from cliff
erosion need to be identified to assist in understanding coastal processes and also to evaluate
the impact of coastal protection schemes.

The coastline of Eastern England from the north shore of the Thames Estuary to the north
east corner of the Wash is an area which includes extensive cliffs of relatively soft Quaternary
and Tertiary sediments which, under wave attack, provide or have the potential to provide
sediment to littoral and nearshore budgets. This study characterises the sediments within these
cliffs at the present day (Figure 1).
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2. OBJECTIVES

The study aims to provide systematic information on sediments that will enhance
understanding of the littoral and nearshore budgets along this stretch of coast, and, in
particular, allow the forecasting of the demand for beach replenishment material in this area
to be improved. ’

A prime objective is to provide a quantitative basis for estimating the volume and character
of sediment input from cliffs and their contribution to the littoral and nearshore sediment
budgets of the area. The data acquired may be integrated with models of coastal recession to
determine sediment input, classified by grade, to the littoral budget.

Explicitly the objectives of the study are:-

. Identify the volume of sediment input from geological sources to the coastal system
in different grain size classes.

. Identify what future potential sediment inputs may be.

. Identify the amount of material remaining as beach building material and the amount
diffusing away from the coast.

. Evaluate the importance of cliff sediment input to sediment budgets.
. Provide a methodology for adoption in similar studies in other areas.

The data on volumes and grain size of sediment available from cliffs in the area should be
available in a form which can be entered into the Environment Agency, Anglian Region
shoreline management system. This is a comprehensive geographical information system
based on Intergraph software and is an important tool in modelling systems and understanding
their behaviour in the coastal zone.

2.1 Data Review

The relatively long length of coastline under investigation, approximately 90 kilometres of
cliff, and the variable nature of the sediments in the area meant that a systematic method of
investigation had to be adopted.

The initial task undertaken was a review of existing literature, geological and topographical
maps and borehole records. The cliffs of this part of Eastern England have been studied by
geologists since the middle of the last century. The erosion of many cliffs prior to the erection
of defences gave excellent exposure of the geology and this provides a valuable store of
historical data. Coverage of modern geological maps is not comprehensive, apart from the
area south of Great Yarmouth. This review identified the cliffed coastlines for field inspection
and assessment.
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The study is not restricted to undefended cliffs or those with well exposed sediments. Cliffs
which are covered by defences, urban development, promenades or vegetation have also been

assessed. In these cases the evaluation of sediment character has relied on the review of
existing data.
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3.  FIELD INVESTIGATION

The Environment Agency, have an existing marker system along the coastline within the area.
Each marker, normally a metal disc set in the ground, marks the location of beach profile
surveys undertaken on a regular basis by the Agency. The markers are located approximately
one kilometre apart along the open coastline. The numbering system used by the Agency to
designate their markers has been adopted as the primary numbering system for the cliff
sections recorded in the sediment study. This has the added advantage of allowing the Agency
to associate beach profile surveys with the cliff surveys within their shoreline management
system.

During field work the entire length of the cliffs under investigation were walked and assessed.
Basic data were collected on a pro-forma for individual cliff sections. The sections for
description were chosen on a number of criteria which included :-

. Start and end points of cliff sections

. High and low points in cliff sections

. Environment Agency marker positions

. Quality of sediment exposure in cliff sections
. Changes in lithology and stratigraphy

The frequency of sections was therefore not uniform along the coast, but separation was rarely
more than a kilometre and could be less than 100 metres.

3.1  Recording cliff sections

The cliff section pro-forma was designed to provide information for direct entry into a
computerised database. The data gathered was designed not only to cover the requirements
of this study but also to provide a record for future comparative studies.

The height of the cliff at each section was recorded. Each section was subdivided into vertical
intervals based on lithological character with the percentage of mud, sand and gravel recorded
for each interval. The percentage recorded was either an estimation based on visual inspection
or the result of particle size analysis undertaken on representative samples (see Appendix B).
For areas and lithologies where no visual estimation was possible, particle size data was
extrapolated from adjacent exposures or data available from reviewed sources. For example,
much of the London Clay cliffs in Essex are not exposed and particle size data has been taken
from extensive BGS data on the London Clay in south Essex (Grainger, 1972).

Other criteria recorded for the section include, area defended, extent of vegetation cover, areas
of mass movement and slope angle. The nature of the cliff top inland for 50 m may also be
recorded. This enables future volume calculations to be made on cliff recession up to 50 m
from the present cliff line. A short description of the foreshore is also included, this is to
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complement each photograph of the foreshore taken at each section. It is also valuable in
comparing the material in the cliff and the material exposed on the beach.
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4. DATA COMPUTATION AND ANALYSIS

The data from each cliff section was entered and manipulated within an ORACLE database
on BGS computers. The individual cliff sections are the primary data source. Each cliff
section may be sub-divided vertically into intervals based on changes in stratigraphy and
lithology. The interval heights and percentage of mud, sand and gravel in each interval are
recorded. Each cliff section has been chosen to represent the lithology of the cliff in its
locality. The basic information for each recorded cliff section is given in Appendix C and this

information is also available in the Environment Agency Shoreline Management System
(Figure 1 and 3).

The data required to provide material volume and grain size character for a stretch of cliff are

. Length of cliff

. Height of cliff

. Percentage of mud, sand and gravel in cliff material

The depth of the cliff also has to be factored into the volume equation. Because the study is

only investigating cliff sediment character and not sediment yield allied to a recession rate

for any given cliff, volume estimates are computed on a nominal one metre uniform recession
of the whole cliff.
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To gain the volume of sediment for a stretch of cliff the following calculations and
assumptions are made:-

. The height and percentage of mud, sand and gravel at each cliff section is the primary
source of data.

. The distance between cliff sections is calculated within the database and treated as a
straight line.

. The geology and lithology of each cliff section is assumed to represent the cliff area
for a distance midway to the nearest cliff section. This area is the cliff section zone
(Figure 2). Because the distance between cliff sections is variable, a cliff section zone
may be split into two unequal sub-zones on either side of a central cliff section.
Where cliff sections lie at the end of cliffs, a cliff section zone will only extend along
the cliffed side of the section. |

. The cliff height at the midway point between cliff sections is calculated within the
database. This midway point is also a sub-zone boundary.

. The area of each cliff section's sub-zone is calculated within the database.

. The volume of sediment within each sub-zone reflects the calculated sub-zone area
multiplied by a nominal one metre of recession. The volume proportion of mud, sand
and gravel within each sub-zone corresponds to the logged proportion of mud, sand
and gravel at each central cliff section.

. Sediment volumes for each stretch of cliff between Agency markers are compiled
from the sub-zone data within each stretch of cliff.
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Figure 2 CIiff section zones and sub-zones
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5. DATA OUTPUT

The Environment Agency specified that output on volumes and sediment type should cover
cliffed areas between Agency markers. The volumes for the cliff section sub-zones within
each stretch of cliff are therefore added to give total sediment volume and mud, sand and
gravel volume between markers.

The results are presented in two forms, analogue and digital.

5.1  Analogue Data

The analogue data are the graphs and tables which comprise Figures 4 - 18 and also Appendix
A. The tables includes volume data which refers to the cliff between the two markers listed
on each line. Exceptions occur where :-

a) the same marker number appears twice on the same line. This happens at the end of
cliff sections where there is no adjacent marker e.g E2A8 at West Mersea (Figure 4).

b) a marker number may be repositioned in the database at the end of a cliff section
rather than at its true position on the ground. This can occur where there is no cliff
at the marker number's true position or there is no adjacent marker which can be used
e.g. EID1A at Harwich (Figure 7).

c) in some areas, cliffs may not occupy the whole coastline between markers e.g. Mersea
Island and Covehithe.

The XY graphs indicate by histogram the percentage of mud, sand and gravel between each
marker, and the line on the graphs denotes the total volume of sediment. The marker numbers
on the X axis refer to the first marker number column in the accompanying table.

5.2 Digital Data

The digital data are the graphical elements loaded as an Intergraph design file into the
Environment Agency Shoreline Management System and attached database files.

Figure 1 shows in reduced form the loaded graphical elements for the whole study area.
Figure 3 is an example of the graphical elements from the Shoreline Management System for
the North Norfolk cliffs. The cliffed sections of coast are indicated by lines which vary in
colour and thickness according to the volume of sediment computed in the database between
the markers displayed. The pie charts indicate the percentage of mud, sand and gravel
between each marker, this is the same data as the histograms in Figures 4 - 18.

The limitations on marker position described in b) in the section on analogue data are also
applicable to the digital data. Where a stretch of coastline between markers comprises a
number of cliff sections separated by flat coast the data shown is the average/total of all the
cliff sections between the relevant markers, the individual cliff sections are not distinguished
in the computation.
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Two database tables are attached to the graphical elements within the Environment Agency
Shoreline Management System.

The first is a Summary Data Table whose structure is the same as the tables in Figures 4 -
18, the only difference is the omission of the Location field from the Summary Data Table.
The second is a Cliff Section Table. The data from this table is given in Appendix A. It
consists of the data from each logged cliff section, principally the location, cliff height,
stratigraphy and percentage of mud, sand and gravel.
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6. CLIFFS AND SEDIMENT

6.1 Mersea Island
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EA Markers

LOCATION MARKER NUMBERS |[MUD % 'm® [SAND % |m®* |GRAV % |m° |TOTALm®
WEST MERSEA E2A8 E2A8 84.0| 751 15.0| 134 1.0 9 894
WEST MERSEA E2A7 E2A8 883.7] 2795 15.0| 501 1.3| 43 3339
WEST MERSEA E2A6 E2A7 82.5/ 1573 15.2| 290 2.3| 43 1906
WEST MERSEA E2A5 E2A6 83.4| 405 15.0f 73 1.6 8 486
EAST MERSEA E2A4 E2A5 50/ 13 60.7| 158 34.3| 89 260
EAST MERSEA E2A3 E2A4 49.2| 108 43.2| 95 7.6 17 220
EAST MERSEA E2A2 E2A3 84.1/ 1148 15.0| 205 0.9 12 1364
EAST MERSEA E2A1A E2A2 33.3| 1003 27.1| 816 39.6| 1192 3011
AVERAGE/TOTAL 63.2| 7797 25.8| 2271 11.1/ 1412 11480
Figure 4. Mersea Island : Cliff sediment and volume data (m’ per m recession)

Mersea Island (Figure 1) lies in eastern Essex between the mouths of the River Colne and the
Blackwater. The island is under 8 kms long and is elongate in a roughly east-west direction.
It has a fragmented series of cliffs along its south facing coast with the most prominent forms
at either end of the island.

The island is formed of London Clay with sporadic cover of Pleistocene gravels and sands
and some Brickearth. The cliffs at West Mersea between E2AS5 and E2AS8 rise to a maximum
height of 6.8 m and comprise London Clay with possibly some thin Brickearth. The London
Clay is not well exposed and the particle size distribution of 85% mud and 15% sand given
for the London Clay in the database is a default figure averaged from Grainger (1972). This
default PSD figure has been used for all London Clay cliffs included in this study.
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A few low cliffs of 1 m to 3 m in height occur within the central part of the island. The
lower cliffs can include significant Brickearth which accounts for the higher proportions of
sand and gravel. The cliffs at East Mersea exposed between E2A1A and E2A2 consist of
London Clay at the western end where it reaches a maximum height of 4.8 m. To the east the
London Clay dips down beneath the base of the cliff and the whole eastern end of the cliff
section comprises up to 5 m of Pleistocene sand and gravel.

6.2 Clacton on Sea - Holland on Sea

EA Markers

LOCATION MARKER NUMBERS |MUD % |m® SAND % |m® GRAV % |m TOTAL m*
CLACTON ON SEA |E1A5 E1A6 85.0/ 1551 15.0] 274 0.0 0 1825
CLACTON ON SEA |[E1A4 E1A5 85.0| 13712 15.0) 2420 0.0 0 16132
CLACTON ON SEA |E1A3 E1A4 85.0| 12353 15.0] 2180 0.0 0 14533
CLACTON ON SEA |E1A2 E1A3 85.0| 11636 15.0] 2053 0.0 0 13689
HOLLAND ON SEA |E1A1 E1A2 85.0/ 11661 15.0] 2058 0.0 0 13718
HOLLAND ON SEA |E1A1S E1A1 85.0| 9144 15.0| 1614 0.0 0 10757
HOLLAND ON SEA |E1B6 E1A1S 85.0/ 5375 15.0] 949 0.0 0 6324
AVERAGE/TOTAL 85.0| 65431 15.0| 11547 0.0 0 76978
Figure 5. Clacton on Sea - Holland on Sea : Cliff sediment and volume data (m’ per m

recession)

There is little or no exposure of sediment or rock along the cliffs on this coast (Figure 1). The
cliffs are interpreted as consisting of London Clay. There is virtually a continuous cliff section
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for about 7 kms which, for much of its length, has a planar top at a height of 12 m to 15 m.
At the cliff ends, the tops decline at an angle to sea level. A default value has been taken for
the particle size determination of the London Clay. The common PSD and the relatively high
cliffs have given a consistent value to the volumes of sediment associated with these cliffs,
with a very high proportion of mud.

6.3  Frinton on Sea - The Naze

it

(5‘06 \0@‘?“ \Ob?
< &
EA Markers

LOCATION MARKER NUMBERS [MUD % [m°  |[SAND % |m®  |GRAV % [m®  [TOTAL m’
FRINTON ON SEA E1B4 E1B5A 85.0 64 15.0 11 0.0 0 75
FRINTON ON SEA E1B3 E1B4 85.0| 10596 15.0| 1870 0.0 0 12466
FRINTON ON SEA E1B2 E1B3 85.0/ 10871 15.0/ 1918 0.0 0 12789
WALTON ON THE NAZE |E1B1 E1B2 85.0/ 11813 15.0] 2085 0.0 0 13898
WALTON ON THE NAZE [E1C7 E1B1 85.0, 8368 15.0] 1477 0.0 0 9844
WALTON ON THE NAZE |E1C6 E1C7 75.9| 1558 24.1| 495 0.0 0 2053
THE NAZE E1C5A |[E1C6 67.8| 11965 30.5| 5379 1.7| 807 17651
THE NAZE E1C4A |E1C5A 78.6| 6680 20.5| 1740 09| 81 8501
AVERAGE/TOTAL 80.9/ 61914 18.8| 14975 0.3 388 77277
Figure 6. Frinton on Sea - The Naze : Cliff sediment and volume data (m’ per m

recession)

This coastline has two areas of cliff (Figurel). The longest, which stretches for four
kilometres in front of Frinton on Sea to the southern part of Walton on the Naze, is underlain
by London Clay. It has a maximum height of 20 m and its top varies to about 12 m in height.
The cliff stretches from marker E1B4 to E1C6. The low volume of sediment, 75 m’, at EIB4
is due to the fact that the marker is virtually at the end of the cliff and the stretch to EIB5SA
is low ground not cliff.
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The second area includes the high ground of The Naze, a promontory based on London Clay
which is over 2 kms long and backed by extensive salt marsh around Walton Channel and
Hamford Water. The Naze is a prominent hill with cliffs up to 23 m high at its maximum.
The high point is about 800 m wide and the cliffs descend to sea level on either side.

Although the bulk of the cliffs comprise London Clay there is a significant exposure of Red
Crag, Pleistocene sandy gravels and silts, and Brickearth overlying the London Clay. In the
highest sections of the cliff these sequences of sand, gravel and silt can be over 5 m thick.
The Red Crag, which can contain considerable shelly material, is only exposed in the high
cliffs and is pinched out as the cliff descends. However, about a metre of the sandy
Brickearth continues to overlie the London Clay across most of the cliff section.

6.4 Harwich - Bawdsey
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LOCATION MARKER NUMBERS|MUD % |m*® SAND % |m® GRAV % |m® TOTAL m®
HARWICH E1D1A E1D2 81.1| 12596 15.0] 2330 3.9/ 606 15531
FELIXSTOWE S2A5 S2A6 11.0f 234 84.8| 1808 4.2 89 2131
FELIXSTOWE S2A4 S2A5 12.8| 1543 83.4| 10054 3.8/ 463 12060
FELIXSTOWE S2A3 S2A4 15.0/ 576 81.3| 3121 3.7 143 3840
FELIXSTOWE S2A2 S2A3 20.0| 1830 76.5| 7007 3.5 319 9156
FELIXSTOWE S2A1 S2A2 12.8| 516 83.4| 3359 3.8 155 4029
AVERAGE/TOTAL 14.3| 4699 81.9| 25349 3.8/ 1168 31217
BAWDSEY S2B7 S2A1 7.5 125 68.6| 1146 23.9 398 1669
BAWDSEY S2B6 S2B7 28.4| 3271 54.4| 6267 17.2| 1980 11517
BAWDSEY S2B5 S2B6 13.7| 1669 64.9| 7919 21.4| 2614 12202
BAWDSEY S2B4A S2B5 2.1 73 81.6| 2838 16.3| 565 3476
AVERAGE/TOTAL 12.9| 5137 67.4| 18170 19.7| 4992 28864

Figure 7. Harwich - Bawdsey :
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Three stretches of cliff are aligned along this coastline at Harwich, Felixstowe and Bawdsey
(Figure 1). They are separated by the converging estuaries of the Stour and Orwell rivers at
Harwich and Felixstowe and the River Deben at Bawdsey.

Harwich marks the northern limit of cliffs which are dominated by the muddy sequences of
the London Clay. Although London Clay is exposed in the cliffs further north at Felixstowe
and Bawdsey it is a subordinate component of the cliff sequences. A variation in the London
Clay at Harwich is the presence of a stoneband, 20 - 30 cms thick, of volcanic ash and this
accounts for the minor gravel component in the sediment from these 2 kms of cliff. Red Crag
also caps the hill on which Harwich is situated.

The cliff at Felixstowe comprises a two-fold sequence of sandy Red Crag up to 15 m thick
on London Clay which is generally less than 3 m in thickness. The cliffs contain over 75%
sand. About 4 kms of cliff front the coast with a maximum height of about 17 m, although
cliff elevation is variable with heights down to 2.5 m. At its southern end the cliff swings
inland away from the coast.

The two-fold succession of Red Crag on London Clay continues at the cliff section at
Bawdsey. The stretch of cliff covers over 3 kms of coast with a maximum height of over 16
m in the southern half. The Red Crag is the dominant sequence with over 13 m in some
areas, the London Clay is generally less than 3 m thick, although it has been noted to over
6 m. The cliff at Bawdsey is the most northerly exposure of London Clay on the East Anglian
coast. The Red Crag has a significant gravel and shell component, varying from 25% - 30%.

6.5 Aldeburgh - Dunwich

This section of coast which has three cliffed areas at Aldeburgh, Sizewell and Dunwich
(Figure 1) is characterised by the onset of younger sediments of the Norwich Crag Formation.

The short cliff, 1250 m long, at Aldeburgh lies at the northern end of Orford Ness where the
River Alde reaches the coast. It has a maximum height of about 10 m, and is dominantly a
sandy sequence, >97%, commonly shelly, with Norwich Crag overlying Coralline Crag,
although the break between the two formations is not visible in the cliff.

The Sizewell section of cliff runs from Thorpeness in the south to Sizewell Power Station
along a stretch of coast which is over 4 kms long. The cliffs are variable in height from less
than 2 m to over 9 m. At Thorpeness the cliffs are dominated by a sandy glacial Till with a
large, 20% each, component of gravel and mud. Sandy Red Crag may also occur in the cliff
at Thorpeness beneath the Till. The next 2 kms north to Sizewell are characterised by cliffs
of Chillesford Sands, a member of the Norwich Crag, mud and gravel are negligible, around
2% 1n total.

At Sizewell there is a short gap in the cliff about 150 m long. To the north of this gap in
front of Sizewell Power Station, the 750 m stretch of coast is backed by a cliff of presumed
made ground up to 5 m high. The composition of the made ground is indeterminate and the
figures given for sediment composition are therefore an estimate. This covers the area around
markers S1B5 to S1B6.
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LOCATION MARKER NUMBERS|MUD % [m®  [SAND % |m®  |GRAV % |m®  |[TOTAL m®
ALDEBURGH S1A4 S1A5 02| 1 97.8] 5193 2.0 104 5308
ALDEBURGH S1A3 S1A4 0.2 2 97.8| 1156 20/ 23 1182
AVERAGE/TOTAL 02 13 97.8| 6349 2.0 128 6490
SIZEWELL S1A1 S1A2 20.0] 243 60.0] 730 20.0] 243 1217
SIZEWELL S1B8 S1A1 12.0/ 806 75.9| 5079 12.0] 806 6691
SIZEWELL S1B7 S1B8 11| 82 97.8| 7355 11| 85 7522
SIZEWELL S1B6 S1B7 19/ 69 96.0| 3521 21| 78 3668
SIZEWELL S1B5 S1B6 20.0] 571 60.0| 1713 20.0| 571 2854
AVERAGE/TOTAL 11.0] 1772 77.9/ 18398 11.1] 1783] 21952
DUNWICH  [s1C7  [S1B1 | 15| 168|  86.1| 9934 12.4| 1425 11527
DUNWICH S1C6 S1C7 | 41| 380 93.1| 8583 28| 259| = 9222
DUNWICH  |S1C5  [S1C6 14| 55 91.7| 3563 6.9 267| 3885
AVERAGE/TOTAL 2.3 603 90.3| 22080 7.3| 1951 24634
Figure 8. Aldeburgh - Dunwich : Cliff sediment and volume data (m’® per m recession)

The cliffs at Dunwich are a well exposed sequence of predominantly Norwich Crag
sediments. The cliffs are about 3 kms long and are backed by high ground between Minsmere
Level to the south and Dingle Marsh to the north.

They range in height from less than 5 m to over 11 m. Sands dominate the sequence but there
are significant areas where gravels can be up to 60% of the sediment. Although muds are
generally a very minor component there are some areas of glauconitic sand within the
Norwich Crag with up to 15% mud.
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6.6  Southwold - Covehithe
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LOCATION MARKER NUMBERS |MUD % |m® SAND % |m® GRAV % \m TOTAL m®
SOUTHWOLD SWD9 SWD10 19.6| 912 78.0| 3635 24| 113 4661
SOUTHWOLD SWD8 SWD9 0.0 0 99.0/ 227 1.0 2 229
SOUTHWOLD SWD7 SWD8 6.5| 297 91.5| 4174 2.0 89 4559
SOUTHWOLD SWD6 SWD7 35.1| 1278 60.9| 2221 4.0/ 146 3646
AVERAGE/TOTAL 15.3| 2487 82.4| 10257 2.3| 351 13095
COVEHITHE SWD4 SWD5 6.1 308 83.5| 2486 10.4, 183 2977
COVEHITHE SWD4 SWD4 14.6 74 80.9| 407 4.5 23 503
COVEHITHE SWD3 SWD4 2.3 99 95.1| 4142 2.6/ 114 4355
COVEHITHE SWD2 SWD3 47| 185 93.8| 3695 1.5 58 3938
[COVEHITHE ~ |SWD2  |SWD2 "21.8] 165| 76.5] 582 17 13 760
COVEHITHE ~ |swbi  |swD2 49.8| 113 486 111 1.6 4 227
AVERAGE/TOTAL 16.6| 945 80.9| 11422 3.1] 394 12760
Figure 9. Southwold - Covehithe : Cliff sediment and volume data (m® per m recession)

This area of Suffolk includes three stretches of cliff at Southwold, Easton Bavents and
Covehithe (Figure 1). The cliff at Southwold lies to the north of the River Blyth and is about
a kilometre long and includes the area between the SWD8 and SWD10 markers. It ranges in
height from 3 m to over 8 m. It appears to be lithologically variable with both very sandy
sequences of Norwich Crag and very muddy sediments of Lowestoft Till with over 80% mud
dominating various parts of a relatively short cliff. It should be noted the exposure of
sediment at the cliff is poor.
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North of the cliff at Southwold there is a short gap of low ground, 700 m wide, across Easton
Marshes to the cliffs at Easton Bavents. These cliffs are about 2 kms long and contain a
varied sequence of Norwich Crag sediments including Westleton Beds sand and gravel, clay
with sand laminae of the Easton Bavents Clay underlain by sand and silt. These give a
distinctive proportion of mud in the sediments exposed between markers SWD6 and SWD8
where the cliff range in height from 4 m to greater than 6 m.

The cliffs at Covehithe start a kilometre north of the cliffs at Easton Bavents. They stretch
for almost 4 kms in a linear north-easterly direction. There are three sections of cliff with the
central section about 2 kms long and the other end sections, 600 m and 250 m in length. The
cliffs range in height from 3 m to over 6 m. As at Easton Bavents the cliffs consist of a
varied sequence of Norwich Crag sediments which, although dominantly sandy in the long
central section cliff, do show a notable gravel component, 10%, in the southern cliff around
SWD4 to SWDS5 and significant mud, up to 50%, in the northern cliff at SWDI1 to SWD2.

6.7 Kessingland - Lowestoft
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LOCATION MARKER NUMBERS|MUD % |m®  [SAND % |m®  |GRAV % |m*  |[TOTAL m’
KESSINGLAND SWES8 SWE9 30.5| 1611 66.2| 3503 3.3 172 5286
KESSINGLAND SWE7 SWES8 35.8| 5738 60.6| 9687 3.6| 581 16006
KESSINGLAND SWE6 SWE7 22.8| 1995 74.6| 6510 2.6| 231 8735
LOWESTOFT SWE5 SWE6 6.9| 387 91.7| 5166 1.5 82 5635
LOWESTOFT SWE4 SWE5 0.0 0 99.0| 4951 1.0 50 5001
LOWESTOFT SWES SWE4 0.0 0 99.0| 3087 1.0 31 3119
LOWESTOFT SWE2 SWES3 0.0 0 99.0| 5557 1.0 56 5613
LOWESTOFT SWE1 SWE2 0.0 0 99.0| 1478 1.0 15 1493
AVERAGE/TOTAL 12.0| 9730 86.1| 39939 1.9/ 1218 50887
Figure 10. Kessingland - Lowestoft : Cliff sediment and volume data (m® per m recession)
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The 6 kms of cliff between Kessingland and Lowestoft (Figure 1) become dominantly sandy
northwards. The southern half of cliff up to marker SWE6 has a significant thickness of
Lowestoft Till lying on Corton Formation sands. The till has over 80% mud and also some
subordinate gravel and this accounts for the significant proportion of mud in this southern
area. The Lowestoft Till is missing from the cliff north of SWE6 and Corton Formation sands
dominate to the end of the cliff near SWE1 at Lowestoft. However, about 2 to 3 m of silty
sand within the Cromer Forest Bed Formation underlies the Corton Formation sands around
SWES. Along the whole section from Kessingland to Lowestoft cliff height varies from less
than 4 m to a maximum of approximately 14 m.

6.8 Corton - Gorleston on Sea
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LOCATION MARKER NUMBERS|MUD % |m® [SAND % |m® |GRAV % |m° |[TOTAL m’
CORTON-GORLESTON |[SWF6  [SWF7 0.0 0 90.0| 10362 10.0| 1151 11514
CORTON-GORLESTON [SWF5  |SWF6 0.0 0 90.0| 11083 10.0| 1231 12315
CORTON-GORLESTON [SWF4  |SWF5 5.3 657 86.8| 10849 7.9/ 983 12490
CORTON-GORLESTON |[SWF3  |SWF4 30.4| 5847 66.0| 12710 3.6/ 689 19246
CORTON-GORLESTON |[SWF2  [SWF3 25.8] 4235 71.3/ 11687 29| 475 16397
CORTON-GORLESTON |SWF1 SWF2 10.2| 753 88.2| 6479 16| 115 7346
CORTON-GORLESTON [SWG4  [SWF1 12.7] 502 81.1| 3209 6.2| 246 3957
CORTON-GORLESTON |SWG3  |SWG4 9.0/ 326 86.2| 3119 48| 175 3620
CORTON-GORLESTON |[SWG2  |SWG3 0.0 0 98.8| 4260 12| 52 4312
CORTON-GORLESTON [SWG1  [SWG2 0.0 0 99.0| 5461 1.0 55 5516
CORTON-GORLESTON [N4A6A  |SWGH 0.0 0 99.0| 2789 1.0/ 28 2817
AVERAGE/TOTAL 8.5/ 12320 86.9| 82009 4.6| 5201 99530
Figure 11.  Corton - Gorleston on Sea : Cliff sediment and volume data (m’ per m

recession)
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The Corton to Gorleston section begins within the northern part of Lowestoft near Ness Point,
the most easterly point of the British Isles (Figure 1). The total length of the section is over
10 kms from south of marker SWF7 to the Suffolk side of the river mouth at Gorleston below
marker N4A6A. The highest cliffs are in the southern half of the section between Corton and
Lowestoft, here they reach a maximum of over 22 m and generally exceed 15 m with few
areas below 10 m in height. North of Corton the cliffs are less than 8 m high, some sections
reach just over 3 m. The difference in total volume of sediment along the cliff mirrors the
gross changes in cliff height.

Corton Formation and Corton Woods Formation sediments dominate the whole cliff sequence.
The higher proportion of gravel, up to 10%, in the Lowestoft area between SWF4 and SWF7
is due to the slightly gravelly facies within the sand of the Corton Woods Formation. The
cliffs at Corton and to the north as far as SWG3 include sequences of Lowestoft Till and
Pleasure Gardens Till between the Corton Woods Formation and the underlying Corton
Formation. These tills contain over 80% mud and account for the relatively high fraction, up

to 30%, of mud within this stretch of cliff. North of marker SWG3 the cliff reverts to Corton
Formation sands.

6.9 Caister on Sea
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LOCATION MARKER NUMBERS|MUD % m® [SAND % |m® |GRAV % |m® |[TOTAL m°
CAISTER N4B1 N4B2 30.1 531 66.2| 1166 3.7 65 1762
CAISTER N4C5 N4B1 23.6| 2004 75.0| 6364 1.4 118 8486
CAISTER N4C4 N4C5 56.5| 4949 39.0| 3419 4.5 392 8760
CAISTER N4C3 N4C4 73.4 591 21.0 169 5.6 45 805
AVERAGE/TOTAL 45.9| 8075 50.3| 11117 3.8/ 620 19813
Figure 12. Caister on Sea : Cliff sediment and volume data (m® per m recession)
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Caister on Sea lies north of Great Yarmouth (Figure 1) and the cliff section runs from the
northern end of the village, near marker N4B2, for 3 kms to the village of Scratby just north
of marker N4C4. CIiff height is generally 8 to 9 m, although it is below 5 m at the southern
end.

Sands dominate the cliff at and south of N4CS5 at California, although up to 30% of the
sediment is mud. The sequence in this southern area comprises Corton Sands interbedded with
a sandy Corton Till, which contains a high proportion of mud. North of California, the
Lowestoft Till, which contains over 80% mud, overlies the Corton Formation sands with
increasing thickness, producing a mud dominated cliff in the northern half of this section.

6.10 North Norfolk : Happisburgh - Wey' bourne

The North Norfolk cliffs stretch for about 34 kms from Happisburgh (marker N3B3) in the
northeast around to Weybourne (marker N2BS) in the centre of the north coast (Figure 1 &
3). The sediment and volume data for the cliffs are illustrated in Figures 13 to 17. It should
be noted that the large volume of material in the high cliffs at Trimingham and Cromer,
necessitated a change in maximum value for the Y volume axis in Figures 14 and 15 to
80,000 m® from the standard maximum of 40,000 m? used for all the other XY graphs in the
report.

This coast contains the highest stretches of cliff in the report area reaching over 60 m in
height around Trimingham and Cromer. The cliffs commonly exceed 15 m in height for
considerable lengths, with many long stretches over 25 m. Areas of less than 10 m in height
are concentrated at either end of the section around Happisburgh, Ostend and Weybourne.
This collection of high cliffs produces the largest sediment volume figures in the report area,
for example, >72,000 m® between N3D4 and N3D5 at Trimingham.

The sediments are predominantly Pleistocene glacial sediments. They are a complex sequence
of till, diamict, silt, sand and gravel. Their mode of formation is a matter of debate with
evidence invoked for terrestrial, lacustrine and marine sedimentation within a glacial
environment. Stratigraphically this has lead to a heterogeneous mixture of sediments with
lateral and vertical discontinuities common. Included in some stretches of cliff are peat and
organic deposits of the Cromer Forest Beds and significant exposures of chalk, either as rafted
blocks emplaced by moving ice or in-situ outcrops.

Because of the complexity of the whole cliff section no attempt has been made to sub-divide
the section on a stratigraphical basis. The section has therefore been broken into five sections
for convenience of display in Figures 13 to 17. Sand and mud are the dominant sediment with
with gravel very subordinate over large areas.

Happisburgh at the southern end of the section has a high proportion, 80%, of sand in the
cliffs around N3B3 associated with Mundesley Sands and a sandy Happisburgh Diamicton.
North of N3B3 to N3C7 very muddy Happisburgh Diamicton and Happisburgh Clay become
dominant and the amount of mud in the Mundesley Sands increases. The percentage of mud
between these markers increases to over 70%.
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From marker N3C6 at Bacton, where the cliffs are relatively low at about 5m in height, sand
becomes dominant northwards to the very high cliffs around N3D4 at Trimingham. Along this
section sand is almost consistently over 60%, not only because of the preponderance of sands
but also the sandy nature of the diamictons in the cliffs. The slight increase in gravel at N3D4
and N3DS5 is due to the occurrence of gravelly Maycroft Sands. Chalk was noted in the cliffs
around N3D6.

Continuing north to N3E6 at Overstrand the cliffs revert to mud domination mainly because
of the occurrence of thick sequences of Happisburgh Clay and Trimingham Clays, although
the mud influence is broken around N3D1 because of the occurrence of sandy Laminated
Fines.

The high cliffs at Cromer from N3ES to N3E3 contain 60% to 80% sand. The diamictons in
the area are generally sandy in nature and there are thick sequences of Trimingham Sands.
To the north of Cromer at N3E2 the diamictons become very clayey with over 80% of the
succession comprised of mud.

Diamictons continue within the cliffs at Runton, some of which are particularly sandy, also
sand and gravel becomes more common. Thin occurrences of Cromer Forest Bed organics up
to 1.2 m thick occur around N2A7 and N2A6. These are likely to provide very little inorganic
material as eroded sediment.

The Runton to Sherringham section, N2A6 to N2A2, is dominated by sandy diamictons with
over 60% of the cliffs consisting of sand. Chalk up to 6 m thick was noted around N2AS5.

The end section of cliffs from N2A1 at Sheringham to N2B5 at Weybourne has the highest
proportion of gravel in the North Norfolk cliffs ranging from 7% to 17% with sand at 40%
to 50%. The increase in gravel content is due to the occurrence of PreGlacial Deposits. Chalk
outcrops at the base of the cliffs along this section of coast and can be up to 2..5 m thick.
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EA Markers

LOCATION MARKER NUMBERS|MUD % |m® |[SAND % m®* |GRAV % |m® |TOTAL m°
HAPPISBURGH |N3B3 N3B4 16.9| 1297 81.4| 6242 1.7 127 7666
HAPPISBURGH |N3B2 N3B3 52.4| 7251 46.4| 6412 1.2] 161 13825
HAPPISBURGH  |N3B1 N3B2 725/ 7508 26.8| 2769 07| 67 10344
OSTEND N3C8 N3B1 70.3| 4910 29.2| 2042 05 37 6989
BACTON N3C7 N3C8 64.7| 3439 35.3| 1876 0.0 0 5315
BACTON N3C6 N3C7 36.9/ 1606 63.1| 2747 0.0 0 4353
BACTON N3C5 N3C6 24.0| 2327 66.0| 6398 10.0] 969 9695
AVERAGE/TOTAL 48.2| 28338 49.8| 28488 2.0] 1362 58188
Figure 13. Happisburgh - Bacton : Cliff sediment and volume data (m® per m recession)
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LOCATION MARKER NUMBERS|MUD % |m SAND % |m GRAV % |m TOTAL m
BACTON N3C4 N3C5 33.2| 6131 64.7| 11960 2.1 389 18480
MUNDESLEY N3C3 N3C4 35.6| 7453 63.7| 13314 0.7, 145 20912
MUNDESLEY N3C2 N3C3 27.5| 3556 72.5| 9377 0.0 0 12933
MUNDESLEY N3C1 N3C2 32.5| 6365 67.4| 13178 0.1 21 19564
TRIMINGHAM N3D6 N3C1 34.2| 11780 65.5| 22564 0.3 111 34454
TRIMINGHAM N3D5 N3D6 30.3| 14266 65.6| 30934 41| 1934 47134
TRIMINGHAM N3D4 N3D5 36.6| 26457 55.5| 40091 7.9| 5689 72236
AVERAGE/TOTAL 32.8| 76007 65.0| 141418 2.2| 8289 225713
Figure 14. Bacton - Trimingham : Cliff sediment and volume data (m’ per m recession)

(Note change of Y axis scale for volume)
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LOCATION MARKER NUMBERS|MUD % |m°® SAND % |m°® GRAV % [m* |[TOTAL m
TRIMINGHAM N3D3 N3D4 62.5| 17423 37.5| 10454 0.0 0 27876
SIDESTRAND N3D2 N3D3 82.8| 20013 171 4122 0.1 20 24155
OVERSTRAND  |N3D1 N3D2 43.6| 12016 55.4| 15286 1.0/ 275 27577
OVERSTRAND  |N3E6 N3D1 69.0| 14718 30.0/ 6399 1.0/ 213 21330
OVERSTRAND  |N3E5 N3E6 40.2| 20381 59.5| 30220 0.3 148 50748
CROMER N3E4 N3E5 21.6| 10532 78.4| 38145 0.0 0 48677
CROMER N3E3 N3E4 39.1| 14095 60.0| 21580 0.9] 334 36009
AVERAGE/TOTAL 51.2] 109177 48.3| 126205 0.5/ 990 236372
Figure 15. Trimingham - Cromer : Cliff sediment and volume data (m* per m recession)

(Note change of Y axis scale for volume)
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LOCATION MARKER NUMBERS|MUD % |m*® SAND % |m*® GRAV % m* |TOTAL m®
CROMER N3E2 N3E3 83.7| 16607 13.9] 2769 2.4 479 19854
RUNTON N3E1 N3E2 455 7277 53.4| 8543 11| 177 15997
RUNTON N2A7 N3E1 59.1] 10539 352 6277 5.7| 1009 17826
RUNTON N2A6 N2A7 35.3] 4792 57.1| 7756 7.6/ 1035 13583
SHERINGHAM N2A5 N2A6 29.4| 2674 69.4| 6320 1.2[ 110 9104
SHERINGHAM N2A4 N2A5 33.4| 6690 66.1| 13254 05 93 20037
AVERAGE/TOTAL 47.7| 48579 49.2| 44918 3.1] 2903 96400
Figure 16. Cromer - Sheringham : Cliff sediment and volume data (m’ per m recession)
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LOCATION MARKER NUMBERS|MUD % |m SAND % |m GRAV % |m TOTAL m
SHERINGHAM N2A3 N2A4 32.5| 10414 67.5| 21630 0.0 0 32044
SHERINGHAM N2A2 N2A3 32.2| 5936 67.5| 12439 0.3 53 18428
SHERINGHAM N2A1 N2A2 37.6| 2936 45.3| 3545 17.1| 1338 7818
WEYBOURNE N2B7 N2A1 48.8| 3992 42.3| 3462 8.9| 728 8182
WEYBOURNE N2B6 N2B7 40.1| 2775 52.7| 3638 7.2 498 6911
WEYBOURNE N2B5 N2B6 34.8 667 55.5| 1066 9.7| 186 1919
AVERAGE/TOTAL 37.7) 26720 55.1| 45779 7.2| 2802 75301
Figure 17. Sheringham - Weybourne : Cliff sediment and volume data (m® per m

recession)
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6.11 Hunstanton

EA Markers
LOCATION MARKER NUMBERS |MUD % |m® SAND % |m® GRAV % m® [TOTALm’®
HUNSTANTON N1D2 N1D3 16.0 886 71.7 3975 12.3 683 5544
HUNSTANTON NOAS8 N1D2 12.1 1286 775 8262 10.4| 1105 10653
AVERAGE/TOTAL 14.0, 2172 74.7| 12237 11.3| 1788 16197
Figure 18. Hunstanton : Cliff sediment and volume data (m® per m recession)

The cliffs at Hunstanton lie on the northeast coast of the Wash (Figure 1). They are a
distinctive sequence of white Lower Chalk resting on Hunstanton Red Chalk and Carstone.

The cliffs are over 2 kms long with a maximum height of 17 m. The cliffs fall to sea level
at both ends.

The Carstone, with a thin overlying till, occurs in the southern end of the cliffs with the white
Chalk entering the top of the cliffs midway between N1D1 and N1D2. The base of the white
Chalk dips gently northwards, so the white chalk becomes thicker to the north with the
Carstone thining at the base of the cliff.

The white Chalk comprises limestone and irregular chalk with some gritty beds and shell
beds. Chalk and limestone are soluble therefore only insoluble residue will be the product of
cliff erosion. A standard figure of 6% mud and 1% sand has been taken for the insoluble
material from the white chalk and also the Hunstanton Red Chalk. The Carstone is a brown
oolitic sandstone with a pebbly sand at its base.
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7.  CONCLUSIONS

The study has produced quantitative estimates of the volume and character of potential
sediment input from coastal cliff erosion. Although no account has been taken of the state of
cliffs in terms of coastal defence and current erosion conditions, the data presented is
available for integration into models of coastal recession and littoral and nearshore budget
calculations. The cliffs in gross sediment character terms can be broken into three primary
and one subordinate sector.

. A southern sector, dominated by muds, from Mersea to Harwich characterised by
cliffs of London Clay with some Pleistocene sand and gravel and Red Crag.

. A central sector, from Felixstowe to Caister predominantly distinguished by Plio-
Pleistocene Crag sequences, mainly of sand.

. A northern sector, comprising a virtually continuous line of cliffs from Happisburgh
to Weybourne dominated by a heterogeneous mixture of mainly glacial sediments,
principally mud and sand.

. A subordinate sector at Hunstanton, on the Wash, where a rock cliff of Chalk and
Carstone provides mainly sandy sediment. The Chalk, because of its solubility, is not
the principal contributor of sediment.

The areas with the greatest potential volume of sediment from cliff erosion are associated
with the highest cliffs. In terms of the sectors identified above, the southern sector's total
potential is estimated at 181,000 m® per m recession, the central sector, 309,000 m’ per m
recession, and the northern sector, with the highest cliffs, 692,000 m’ per m recession. The
cliffs at Hunstanton are a minor component of the system with potential volumes of only
16,000 m* per m recession.

Generally most cliffs average less than 20,000 m® per m of material between Environment
Agency markers, the majority of southern cliffs are less than 10,000 m® per m. The only area
with cliffs which consistently exceed 20,000 m® per m between markers is in North Norfolk
from Trimingham to Cromer and the maximum here is over 72,000 m® per m.

In terms of future sediment inputs from cliff erosion in the areas covered by this study, it
appears that the stratigraphy indicated by the present cliffs, and the volume and character of
the sediments identified by this study are likely to be applicable to any recession scenario
invoked for the next hundred years.

McCave (1978) and other workers have indicated that winnowing of fine grained material
from beaches and dispersal offshore occurs in the East Anglian coastal system. A coarsening
of beach sediment in the direction of net wave-driven transport was also noted. This suggests
that virtually all the mud liberated from cliffs in this area will escape offshore with only the
sand and gravel available for beach building, although with time and progressive reworking
the fine sand fractions are also likely to be lost offshore.
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If this thesis were applicable to all sectors then the potential volume of sand and gravel
available in each sector from one metre of cliff recession would be, for the southern sector,
33,000 m® per m, the central sector, 263,000 m? per m and the northern sector, 403,000 m?
per m. These figures take no account of the loss of fine sand because data on the volume of
different sand fractions is not available.

It is not within the remit of this study to compare various sources of sediment to littoral and
nearshore sediment budgets. However, it is likely that, within this area of the Southern North
Sea, cliff erosion has played a major contribution in the supply of sediment to the nearshore
and littoral zone. A measure of this contribution would require evaluation of offshore bank
systems and changes in wave platform morphology and Ness distribution to compare sediment
input and output into the littoral and nearshore system.
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8. RECOMMENDATIONS

. The methods adopted for this study are readily applicable to areas of cliff within other
Environment Agency regions. The system of cliff section surveys at intervals based
on cliff morphology and geology provides a method which is rigorous and cost
effective and can be updated at any time, increasing the precision and value of the
original survey.

. Although the investigation output in graphical terms has been digital Intergraph design
files specifically for loading into the Anglian Region's Shoreline Management System,
other methods could be adopted for Agency regions without a similar shoreline
management system. These methods could include paper maps or digital files for entry
into any proprietry graphical or data system used by other regions. The basic field data
can be utilized in virtually any form of analogue or digital output.

. The numbering system used to locate cliffs in this report is based on the Anglian
Region marker system. This type of marker system may not be in use in other regions.
However, other regions location systems could be adopted or a location system based
on the Ordnance Survey National Grid.

. CIliff erosion is an important source of new sediment into littoral and nearshore
sediment budgets. To constrain budget models other sources of new sediment need to
be evaluated. Shoreface and nearshore platform abrasion of non-mobile sediment such
as till, Crag sand and consolidated Holocene sediment are an important source and
complimentary to the erosion and retreat of coastal cliffs and the results of this current
investigation.
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APPENDIX B: FIELDWORK AND LABORATORY ANALYSIS

1. FIELDWORK

Prior to commencement of the fieldwork a review was undertaken in consultation with the
Environment Agency. The review included the selection of cliffed areas to be investigated,
the order in which the cliffs were to be studied in the field and the scope of the fieldwork.
The cliffed areas which have been studied are listed in Figure 1. The area covered includes
the coastline from Mersea in Essex to Hunstanton on the eastern shore of the Wash.

1.1 Planning

The need to collect quantitative data on cliff height, cliff section length and sediment particle
size as well as descriptive data on the geology, all of which had to be entered into a
computerised database system, meant a systematic approach had to be adopted to data
collection.

The survey was therefore planned on the basis of data collected at representative cliff sections
along the coast. For each representative section a two page proforma was designed to
standardise data entry and focus on specific points of information required for evaluation and
calculation. A copy of the proforma is attached as Figures 2 and 3.

The Agency has an existing marker system along the coastline within the project area. Each
marker, normally a metal disc set in the ground, marks the location of beach profile surveys
undertaken on a regular basis by the Agency. The markers are located approximately one
kilometre apart along the open coastline. The numbering system used by the Agency to
designate their markers has been adopted as the primary numbering system for the cliff
sections recorded in the sediment study. This has the added advantage of allowing the Agency
to associate beach profile surveys with the cliff surveys within their Shoreline Management
System as well as other sources of information in the system.

1.2 Criteria

The representative cliff sections for description on the proformas were chosen on a number
of criteria, these included :-

. Start and end points of cliff sections

. High and low points in cliff sections

. Environment Agency marker positions

. Quality of sediment exposure in cliff sections

. Changes in lithology and stratigraphy
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The frequency of sections was therefore not uniform along the coast, but separation was rarely
more than a kilometre and could be less than 100 metres. During the initial fieldwork
descriptions were not always made at the Agency marker positions, principally because other
criteria listed above may have been close to the marker position and taken precedence.
Subsequently, in discussions with the the Agency on output from the survey for the Shoreline
Management System, a requirement for data to be computed from the marker positions was
identified. Data at the marker stations initially not described, have subsequently been added
by extrapolation with adjacent data.

1.3  Recording cliff sections

The cliff section proforma was designed to provide information for direct entry into a
computerised database. The data gathered is designed not only to cover the requirements of
this study but also to provide a record for future comparative studies.

Photographs were taken of nearly all section localities which were described in the initial field
study. The height of the cliff at each section was recorded. Each section was subdivided on
its lithological character with the percentage of mud, sand and gravel recorded for each sub-
division. The percentage recorded was either an estimation based on visual inspection or the
result of particle size analysis undertaken on representative samples. For areas and lithologies
where no visual estimation was possible particle size data was extrapolated from adjacent
exposures or data available from reviewed sources.

Other criteria recorded for the section include, area defended, extent of vegetation cover, areas
of mass movement and slope angle. The nature of the cliff top inland for 50 m is also
recorded. This enables future volume calculations to be made on cliff recession up to 50 m
from the present cliff line. A short description of the foreshore is also included, this is to
complement each photograph of the foreshore taken at sections. It is also valuable in
comparing the material in the cliff and the material exposed on the beach. The amount of
foreshore visible is obviously dependent on the state of the tide.

It should be noted that not all the fields present on the proforma will contain data.

1.4  Progress

During fieldwork the entire length of the cliffs under investigation were walked and assessed.
Fieldwork commenced on the 1st May 1995 at West Mersea and proceeded northwards up
the coast through the areas outlined in Figure 1. The bulk of the fieldwork was completed by
the middle of June 1995 when the survey reached Weybourne on the North Norfolk coast.
The cliff at Hunstanton, on the east coast of the Wash, was surveyed in the spring of 1996,
completing the fieldwork for the study.

Progress had to be maintained at a relatively rapid pace to keep within the timescale and
costing allowed for the fieldwork. Defended and undefended coastlines were included in the
survey. The quality and amount of exposed sediment for description and analysis was
therefore very variable. In some areas descriptions were based on extrapolations from adjacent
sections or reviews of data from boreholes and publications. Those cliffs which are
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undefended are not always accessible in their upper reaches due to the dangers of avalanche
or stonefall and in some cases their lower parts can be obscured by slipped and slumped
material. However, this can have the advantage of bringing material from the higher reaches
of cliffs into accessible lower positions for analysis.

Sediment Input from Coastal Cliff Erosion

Area

West Mersea

East Mersea

Clacton on Sea
Frinton on Sea

Walton on the Naze
Harwich

Felixstowe

Bawdsey

Aldeburgh

Sizewell

Dunwich

Southwold

Covehithe
Kessingland-Lowestoft
Corton-Gorleston
Caister
Happisburgh-Weybourne
Hunstanton

Figure 1. Areas of cliffed coastlines under investigation
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British Geological Survey - Cliff Survey Sheet A

LOCATION: DATE: ‘ 9 S%TIME:i ‘ |

NRA REF: STATION: GEOLOGIST:

GR: l l l l ‘ MAP| NRA GPS’

FEATURE:

STATION LOCATION SKETCH CROSS SECTION

PHOTOGRAPHS

FILM ROLL No. !
OBLIQUES: (include sections at edge of photograph)

SECTION: LENS FOCAL LENGTH mm DISTANCE FROM BASE OF CLIFF mi

NEGATIVE No.

|

i | ! ;
VIEW W! Ei N| S| FOCAL LENGTH mm| DISTANCE FROM BASE OF CLIFF | m
—
FILM ROLL No. NEGATIVE No. : i

r‘T 1 |
VIEW |W |E N J FOCAL LENGTH mm  DISTANCE FROM BASE OF CLIFF | m }
FILM ROLL No. NEGATIVE No. .

FORESHORE: (along line of NRA profile)
1 | !

VIEW FROM ‘ base of c/iffitop of cliff | (delete) FOCAL LENGTH mm | : '
NRA PROFILE!BEAR!NG! ° FiLM ROLL No. | NEGATIVE No. 1 ‘

NOTES

CONTINUATION SECTION| FORM OF CLIFF TOP | flat | slopingl undulating  AMPLITUDE ‘ m
REF STATION | | LENGTH m REF STATION

m

Om

Coastal Geology Group Nottingham NG125GG 01159363100 c\dos\bruceclifima.cdr

Figure 2. Survey Sheet A
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2. LABORATORY ANALYSIS

The analysis of lithological data, particularly the proportions of gravel, sand and mud within
the cliff sections is a fundamental requirement of the study. During fieldwork only those cliffs
with sediments exposed can be analysed for grain size distribution. A large number of the
lithological units found in the cliffs are highly variable in grain size, for example, the
Quaternary sediments of the North Norfolk coast. Therefore, a representative grain size
determination for these units is not credible. However, for some lithologies a laboratory grain
size analysis can be useful as an aid to the estimate of grain size undertaken in the field at
representative cross sections for similar lithologies.

Samples from twenty four localities taken during the survey have been analysed for grain size
determination. The proportions of gravel, sand and mud were analysed as well as a detailed
analysis of the sand fraction in each sample at 0.5 phi intervals.

The samples and results are listed in Figure 4.

Grain size analysis from other studies on cliffs in the area have also been utilised. These

include data from the University of East Anglia and a University of Cambridge PhD thesis
by J.P. Lunkka.
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