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....I now saw this section extending for many miles, 
appearing liKe a huge wall sheltering the land from the 
north. On the top of it were several low hills of marls 
whilst, below, the whole of the country between it and the 
sea, had, apparently, at some remote period, been one immense 
mass of ruin, though now covered with woods, cornfields, and 
villas. It appeared that the foundation upon which this part 
of the island rests had given way towards the sea, parting 
along the line which now forms the face of the cliff. 
Prodigious masses of the strata had fallen, or rather slid, 
into the ocean, where they now remain in the inclined 
position into which they originally fell, chiefly dipping 
towards the land; whilst smaller portions stopt short, and 
lay dispersed in all directions, the intervals being filled 
up with chalk, marl, and other substances from above. ... 
The enormous masses of rock, forming by their pressure new 
and firmer foundations, seem ever since to have remained 
unmoved.

Thomas Webster
in a letter dated 27th May 1811 to Sir Henry Englefield, and 
published by the latter in 1816.
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The coastal landslides forming 
the Undercliff of the Isle of Wight

ABSTRACT

The Undercliff is an 11 Jon complex of ancient and recent, 
inactive and active mass movements occupying a zone over 1/2 
km wide beneath a high landward cliff or rear scarp. The 
investigation has been conducted as an engineering 
geomorphological reconnaissance, combining a review of 
available literary sources with field-based studies of the 
landslides and of the diverse factors which affect their 
location, nature and activity.

Particular attention has been given to an exploration of 
the geology of the Cretaceous (Albian) Southern Downs 
outlier, of which the Undercliff forms the coastal outcrop. 
Important new facts concerning a minor plunging synclinal 
structure and the stratigraphy of the Gault, Upper Greensand 
and other strata have been revealed. An interpretation of 
the Quaternary geological history, based partly on limited 
depositional evidence, suggests that at least two 
climatically-controlled episodes of major activity have 
occurred during the Holocene. The hydrogeology and water 
resources of the Undercliff and the Southern Downs have been 
reviewed, together with aspects of the coastal environment, 
including offshore morphology, marine processes, coast 
erosion and protection.

A detailed geomorphological survey has been made of the 
landslides, distinguishing three broad categories of slope 
forms and processes which, in various combinations, are used 
as the basis for subdividing the Undercliff into coastwise 
sectors. Historical records of landslide activity are 
presented; new data have been gathered from surveying and 
special instrumentation. Recent damaging activity in parts 
of Ventnor might be related to a landward extension of slope 
movements and could presage a future major slide in the urban
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area. A geotechnical study of the 1978 Blackgang landslide 
is presented. Descriptions and semi-empirical analyses, 
based on limited geotechnical data, have been made of the 
processes contributing to slope instability. A preliminary 
assessment of relative landslide hazard in the Undercliff has 
been made.
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1. INTRODUCTION

1.1 THE UNDERCLIFF

The Undercliff is a tract of terrace-like slopes between 
the shore and the line of high inland cliffs, extending along 
the southern coast of the Isle of Wight. It consists of a 
complicated array of ancient and recent, inactive and active 
landslides which altogether constitutes probably the largest 
unresolved engineering slope stability problem in Britain.

The undercliff affords a unique research environment 
which for both practical and academic objectives combines 
aspects of the disciplines of geology, geomorphology and soil 
mechanics in a study of the location, nature and activity of 
the coastal landslides which form it. This problem merits a 
close examination both for its own sake and for the fact that 
the undercliff supports a resident population of around 7000 
people.

The isle of Wight is separated by about 5 km from the 
mainland of southern England (figure 1-1) with which it has 
close geological, geographical and historical associations. 
The attention of geologists, especially, has long been drawn 
to spectacular outcrops of rocks, ranging from the lowermost 
Cretaceous to the middle of the Tertiary, exposed along some 
88 km of coastline. A long-standing problem has been the 
elucidation of the more poorly exposed sections, of which the 
Undercliff is the principal example.

For the purposes of this study the Undercliff is taken to 
include the approximately 11 km of coast between Blackgang 
Chine in the west and Luccombe Chine in the east (figure
1-2). Over this length the Undercliff varies in breadth 
between 700m at St. Catherine's Point and 180m near Dunnose. 
The inland cliff which in places forms the rear scarp of the 
landslides varies in elevation from +170 m to +95 m O.D.
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The area so bounded is characterized by the obscured coastal 
outcrop of the Lower Cretaceous Gault formation in which the 
great complex of multiple rotational landslides and other 
mass movements is largely developed. While the coastal 
cliffs composed of rocks older than the Gault are important 
to the study for the influence they have on the stability of 
the main landslides, the predominant concern is with the 
Gault, Upper Greensand and Lower Chalk which are the strata 
affected primarily by the landsliding.

This sequence, together with related geomorphology and 
slope processes, outcrops also in places along the northern 
cliffs which mark the inland edge of the Southern Downs 
outlier (figure 1-2). Both geological and hydrogeological 
aspects of the whole outlier are relevant to the Undercliff 
study, although the "landslip” areas along the inland slopes 
are excluded from this study.

Most of the sites and locations in the Undercliff and the 
Southern Downs which are referred to in the text are shown in 
figure 1-2.
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1.2 REVIEW OF PREVIOUS STUDIES

The writer is indebted to Professor Hutchinson for making 
available a recently enlarged version of his original (1965b) 
reconnaissance of coastal erosion in the Island. Many of the 
published accounts relevant to the Undercliff in particular 
are drawn from this unpublished source which will be referred 
to here as "Reconn, in prep.".

The Undercliff has in the past been known as "Underway" 
(WOrlsey 1781, Warner 1795, EnglefieId 1816), "Underwath" 
(Hassell 1790) or "Underwarth" (Tomkins 1796). These names 
are normally given as alternatives to "Undercliff" which, as 
the more generic name, has survived to current usage.

That the Undercliff owes its formation to landsliding has 
been recognised since at least the latter part of the 18th 
century. Sir Richard WOrsley (1781), for example, in 
describing the parish of St. Lawrence, states that the 
greater part of it consists of "a slip of land extending ... 
along the sea shore, and secluded from the adjacent country, 
which lies very high above it, by a range of steep rocky 
cliffs on the north, appearing in some parts like an immense 
stone wall". Contemporary 'writers (e.g. Albin 1795 and 
Tomkins 1796) give great regard to the "wall-like, 
rectilinear precipice of lofty rock" below which "colossal 
fragments of stone, t o m  or sunk from the precipice, by some 
great convulsion of nature" lay scattered "in the most 
irregular confusion" at "different degrees of increasing 
disjunction from the parent mountain" (Wyndham 1794). Warner 
(1795) also states that the Undercliff "may be considered as 
a prodigious land slip ... in distant ages".

In the early 19th century several writers were prompted 
by the occurrence in February 1799 of a great landslide below 
Gore Cliff to regard such present-day processes in the 
Undercliff as a key to the history of its formation. Thus 
Builax (1806) describes it in terms of "the subsidence of an
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extensive landslip at a remote period” while Albin (1818), 
following the occurrence of two further large movements in 
the vicinity of Bonchurch, comments on the periodicity of 
"similar landslips at different periods of time". It is, 
perhaps, fortunate that his prediction of such catastrophic 
failures "nearly every seven winters" has not been borne 
out.

The most comprehensive early account of the formation of 
the Uhdercliff was given by Sir Henry Englefield (1816), an 
account which for its perceptive regard of the fundamental 
processes bears quotation (pp. 40-41):

"The clay and sand strata attacked at their foot by the 
waves of the sea, in their front by wind, rain and 
frosts, and above all, softened and washed away by the 
numerous springs which issue from under the rock, very 
soon became incapable of bearing the vast weight 
incumbent on them. The rock (divided as has been
observed, by numerous perpendicular fissures) began to 
part at the fissure nearest to its front, gradually 
subsided, and slid in an inclined position (or perhaps 
sometimes, though not often, fell over), until its 
progress was stopped by the slope of clay on which it 
moved. But though at rest for a time, the same causes 
which first set it in motion, would again press it 
forward to the sea ... A second subsidence now took 
place. While from above another mass gave way, and by its 
weight urged the first fallen rock still further towards 
the sea, whose waves carrying rapidly away all those 
parts easily soluble, united with the other causes of 
destruction to bring down fresh ruins from the cliff 
above. In this manner it is evident that the Undercliff 
was formed, most rapidly at first, but gradually slower 
as the causes of destruction tended to counteract their 
own effects; for after every subsidence the mass of 
fallen clay and rock formed itself into a more gentle 
slope, and which extending higher up against the face of 
the clay cliff, tended to keep it from mouldering, while 
the declivity of the slope itself rendered the materials 
already fallen less apt to slide."

The mechanism of retrogressive collapse and subsidence of 
the main cliff is likened, in effect, to a bearing capacity 
failure and thus it is implied that the slips penetrate deep 
into the Gault. Englefield and his correspondent Thomas 
Webster, whose observations made in 1811 are presented in an
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appendix to the main volume, made the earliest detailed 
description of the geological sequence of the Undercliff, an 
ambitious and creditable objective for an area Which "forms a 
vast mass of confused ruins, in which no regularity of strata 
or materials can be traced". Challinor (1949) describes 
Webster's contribution as a "masterly account that must be 
ranked as one of the great classics of British geological 
literature".

The earliest geological cross section of the Undercliff 
appears to be the woodcut of Conybeare and Phillips (1822), 
reproduced in figure 1-3. Although clearly a sketched rather 
than a measured section, and of distorted scale, it does 
correctly describe in principle the "fracture" forming the 
landward edge of the Undercliff, and the fact that the latter 
"is occupied by a series of terraces formed by masses of 
strata (chalk and green sand) which have subsided from above, 
and generally settled in a highly inclined position dipping 
towards the interior". The section is erroneous, however, in 
showing the disturbance of the strata as penetrating below 
the base of the "Blue Marie" (the Gault, the thickness of 
which is seriously under-estimated) into the "Iron Sand" (the 
Carstone and sandrock formations).

Later accounts suggest alternative mechanisms for the 
formation of the Undercliff, in which the function of water 
is emphasised. Albin (1831) rather fancifully describes how 
"the freezing of the subterraneous water and its consequent 
expansion acting on a loose soapy soil, forces the rock from 
its declining position, and, thus set free, it descends until 
some impediment arrests its progress". Rickman (1840) 
suggests that the subsidences were at least initiated by 
seepage erosion of the Upper Greensand, brought about by 
ground water held up on the surface on the Gault. Whitehead 
(1911) repeats this idea. Rickman observes that the subsided 
blocks have a landward dip, particularly those which "are 
farthest advanced in their descent", but explains this as 
being due to their foundations being sapped preferentially at
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the rear. A similar view is advanced by Wilkins and Brion 
(1859), who refer to the Undercliff as a "vast landslip ... 
caused, primarily, by springs removing a portion of the Gault 
strata, thereby depriving the superincumbent rock of 
support". These ideas, although erroneous, do at least 
provide a conceivable, if unlikely, explanation for the 
observed derangement of the strata.

This is more than can be said for a rival mechanism, 
outlined by Collingwood (1879) and Norman (1887) and 
reiterated more fully by Reid and Strahan (1889), in which 
the scenery of the Undercliff is held to have been caused 
mainly "by the sliding of the Chalk and Upper Greensand over 
the unctuous surface of the Gault clay, the tendency to slide 
being principally due to a pronounced seaward southerly dip, 
and to the outburst of springs at the junction of the porous 
Upper Greensand and impervious Gault". Although this idea 
represents a significant retreat from the position reached 
about 70 years earlier by Englefield and Conybeare and 
Phillips, it has persisted until recently (Osborne White 
1921, Reynolds and Jackson 1935, steers 1964), surviving both 
the development of soil mechanics in the second quarter of 
the present century and the elucidation of the nature of the 
similar coastal landslides at Folkestone Warren (Toms 1946, 
1953; Wood 1955).

That the landslides forming the Undercliff almost 
certainly consist generally of a series of retrogressive 
rotational slips, penetrating to the base of the Gault, was 
first proposed by Toms, Edmunds and Bisson in their joint 
investigation for the Ventnor Urban District Council in 1954 
(Edmunds and Bisson 1954, Toms 1955). These important 
findings are discussed fully in chapter 8 in conjunction with 
the geotechnical investigations carried out as part of the 
present research.



7

1.3 BACKGROUND AND SETTING TO THK PRESENT STUDY

Before considering more recent work on the Undercliff and 
mentioning analogous kinds of coastal landslides, it is 
proper to define a landslide classification so that confusion 
does not arise over terminology. The classification schemes 
of Hutchinson (1968) and SkeutpLon and Hutchinson (1969) have 
gained wide acceptance for use in the U.K. and elsewhere. An 
adapted classification for coastal landslides is presented by 
Hutchinson (1982b). This is illustrated in figure 1-4. A 
considerable number of the landslide types shown are 
recognized in the Undercliff. Certain variations should, 
however, be admitted; e.g. major rockfalls can occur in Upper 
Greensand, as well as Chalk strata, and the tongues of 
mudslides may in places not be preserved on narrow undercliff 
benches.

The most significant advance toward a comprehensive 
understanding of the Undercliff in recent years was made by 
Hutchinson (1965b). During the period 1962-65, whilst 
employed by the Building Research Station, Hutchinson 
undertook a number of surveys of coastal erosion in southern 
and eastern England. A greater part of the findings, but not 
including the isle of Wight, were presented in Hutchinson's 
Ph.D. dissertation (1965a) and have been published 
subsequently (e.g. Hutchinson 1967, 1969, 1973). The 
unpublished report on the Isle of Wight, however, was at the 
time* considered to contain certain contentious matters which 
resulted in its enjoying only limited circulation. The 
enlarged and revised version (Hutchinson Reconn, in prep.), 
is intended for eventual publication by the Building Research 
Establishment. Limited parts have meanwhile been used in, 
for example, studies of mudslides (Hutchinson and Bhandari 
1971, Bhandari and Hutchinson 1982). A brief synopsis was 
presented at a recent conference and will soon be published 
(Hutchinson in prep.).
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Examples of analogous coastal landslide situations have 
been reviewed by the writer (Chandler 1979). The one with 
most direct relevance to the present study, by reason of 
similarities in the geological structure and stratigraphy, is 
that at PolVostone Warren, Kent. This great complex affects 
3 Vm of coastline, and features multiple rotational slides in 
the Gault, falls of Chalk from a high inland cliff, and 
rotational slides in the debris forming the coastal cliff. 
This complex has received considerable attention owing to 
historical activity which has affected a major railway line. 
Extensive investigations and stabilization measures are 
reported by Toms (1953), Hutchinson (1969) and Hutchinson et
al. (1980). The relations and similarities between the 
Folkestone Warren landslides and those or the Undercliff will 
be further discussed in relevant sections of the text below.

A related geological and geomorphological pattern, with a 
history of active landsliding, is exhibited by parts of the 
coastline of Devon and Dorset. The spectacular Bindon 
landslide in south-east Devon, in a sequence of Chalk, Upper 
Greensand and Gault, was described by Conyboare and Dawson 
(1840), Buckland (1840), Arber (1940, 1973) and Pitts (1973). 
Further eastward in Dorset, the Fairy Dell coastal landslide 
complex, near Charmouth, has been reported by Arber (1941, 
1973), Brunsden (1974) and Brunsden and Jones (1976). 
Similar coastal instability has been noted (Arber 1940) near 
Beer Head, Devon, which marks the westernmost coastal outcrop 
of the Gault - Upper Greensand succession. These areas of 
coastal instability affect rather short lengths of coastline 
and, despite their demonstrated recent activity, offer little 
hazard to populated areas. Neither have they been 
intensively investigated for geotechnical purposes: the 
studies mentioned are of a geographical nature.

Large landslides on the coast of Antrim, in the 
neighbourhood of Garron Point, are described and illustrated 
by Reynolds (1932), and more recently reported by Stephens et 
al. (1975). A length of about 3.2 km of the coast has been
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affected by rotational movements, with subsidence up to 46 m 
and the development of strong back-tilt. The geological 
succession comprises Lias clay overlain by chalk and basalt, 
a sequence which in terms of rock mass and geotechnical 
properties merits comparison with the Undercliff.

Probably the largest coastal landslides in the U.K. are 
those of northern Skye and neighbouring Raasay. Anderson and 
Dunham (1966) report cliffs, formerly up to 600 m high, 
formed in Tertiary basalt lavas overlying Lower and Middle 
Jurassic sediments. The ancient slides, suggested to date 
from immediate post-Glacial times, have breadths up to 1500 m 
from the sea to the line of inland cliffs. Anderson and 
Dunham present in cross section an hypothetical 
interpretation of the Storr landslide which bears certain 
resemblance in geomorphology and geomechanics to the 
Undercliff. The neighbouring Quirang landslide is described 
as being the greatest in the U.K., occupying a width of over
2.1 km from the scarp to the coast. Recently further limited 
studies of these landslides have been made by the Institute 
of Geological Sciences, Edinburgh (Dr T P Gostelow, pers. 
comm.). The work has been neither completed nor published.

An important literature exists on multiple rotational 
landslides outside the U.K. Most notable among these are 
records from Eastern Europe (many summarised in Zaruba and 
Mend 1969), including a landslide complex on the Bulgarian 
Black Sea coast (Kamenov et at. 1973) which bears remarkable 
similarity in dimensions to the Undercliff, although founded 
in Tertiary rocks. Geotechnical information is, 
unfortunately, limited, although Koi&£k and Avramova-Ta^eva 
(1981) present data for deformations, material properties and 
moduli which are related to creep in the great “block-type” 
landslides.

There is a remarkable paucity of recent accounts on the 
Undercliff of the Isle of Wight. Only three accounts are 
known to the writer: Watson (1971) presented a series of
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photographs of the western end of the Undercliff; Squire et 
at. (in press) give a geomorphological account of eastern 
Ventnor and Bonchurch; and part of this area featured in an 
unpublished report by Hutchinson et al. (1981a) to Lewis and 
Duvivier, Consulting Engineers.

The Undercliff has been the scene of numerous 
undergraduate final year projects. Local institutions such 
as Portsmouth Polytechnic feature prominently (e.g. Curtis 
and Edwards 1968, Matthews 1977); other reports have come 
from Kingston Polytechnic (Baldwin 1976, Humphris 1979), the 
University of Newcastle upon Tyne (Dr M S Money, pers. comm., 
has supervised 4 recent B.Sc. projects) and the University of 
Surrey (Street 1981). In general, there is little scope for 
these reports to contribute much of an original nature to the 
understanding of the Undercliff, both because of the rather 
limited geographical areas considered, and because of the 
great reliance placed on previously available works (e.g. 
Reid and Strahan 1889, Osborne White 1921, Hutchinson 1965b). 
The exception to this is a body of useful geotechnical data 
on the constituent materials which will be compared with test 
results from the present study. Matthews' (1977) work, in 
particular, is worthy of note for his study of The Landslip 
at Dunnose.
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1.4 APPROACH AND ORGANISATION

1.4.1 Objectives of the study

This research project was envisaged in the planning 
stages as being a geological, geomorpho log ical and
geotechnical reconnaissance, combining a review of published 
and unpublished reports of the landslides with an examination 
of the diverse but fundamental factors which affect 
landsliding on the coast. It was not planned that 
sub-surface investigations would form a major part of this 
study, so any conclusions relating to the nature or mechanics 
of failure will be tentative. The scale of the problem is 
suCh that the size and extent of the study area is moderate 
by purely geological/geomorphological standards, but is large 
by engineering site standards. It is thus not practicable to 
begin full scale geotechnical investigations until sites 
representing local average and/or extreme situations have 
been identified. The objectives are thus to broadly 
characterize and classify relative stability, to identify the 
more important controlling parameters, and to identify areas 
which merit further detailed investigation. The organization 
of this reconnaissance investigation is presented in 2.4.3.

The best approach for a reconnaissance of this nature to 
take is a multi-disciplinary one and in this context the 
framework provided by engineering geomorphology is ideal. 
Engineering geomorphology has grown out of a common interest 
by geologists, geographers and engineers in phenomena of the 
natural environment, such as mass movements on slopes, 
which impinge on man's life in that environment. The 
strengths of the separate disciplines are, when combined, 
greatly enhanced by new perspective. Professor Skempton
(1976) outlined the nature of engineering geomorphological 
studies of slope problems by stating:

"When studying a valley or escarpment or a cliff the
questions arise (i) what structures and deposits exist
below the surface, (ii) what is the relation between
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slope form and subsurface deposits, (iii) over What 
period of time has the slope developed, and (iv) can the 
mechanics of the processes involved in this development 
be explained? To answer these questions the disciplines 
of geology, soil mechanics and geomorphology have to be 
invoked".

While, in the present study of the Undercliff, it may not 
be possible to answer fully all these questions the resulting 
broad overview will go fax in this direction.

1.4.2 Original contributions

Several contributions of originality and importance to 
scientific knowledge have been made through this study. 
These include:
(i) The re-appraisal and quantification of the structure 
and stratigraphy of the Southern Downs outlier; these 
findings represent significant advances not only in 
supplementing the outdated geological knowledge of the area, 
but also in providing the key geological framework without 
which the interpretation and understanding of the landslides 
could not be made.
(ii) The classification and assessment of relative 
stability of the largest inhabited (urban) landslide complex 
in Britain, leading to the production of a special 
large-scale zonation scheme for differentiating and 
subdividing relative hazard within aun area defined as 
"hazardous" in geological terms (i.e. "landslip").
(iii) The recognition that active subsidence movements in 
parts of Ventnor are probably early stages of a developing 
landslip in the urban area, leading to the incorporation of 
land, previously thought to be stable, into the complex of 
Undercliff landslides.
(iv) The investigation of the background, causes, 
geotechnics and likely mechanics of a recent major landslide 
Which, in the late winter of 1978, resulted in the 
destruction of several houses and roads; this provides an 
important and analogous case record in considering the
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"historically remote activity of much of the rest of the 
Undercliff.
(v) The partial elucidation of the likely age of the
Undercliff landslides in the context of the Holocene 
geological history of southern England.

The above findings are considerably benefitted by the 
inclusion of extensive reviews of the hydrogeological and 
coastal environments of the Uhdercliff landslide complex. To 
the writer’s knowledge, no published or unpublished studies 
of a similar nature for the Southern Downs - Undercliff - 
Isle of Wight offshore area have been made before. The 
present outlines, as well as forming necessary components in 
the reconnaissance of the Undercliff, also therefore 
represent a useful addition to scientific knowledge of the 
area.

1.4.3 Outline of chapter contents

The next four chapters (2 - 5) examine the "external” 
factors which influence landsliding. Chapter 2 considers the 
fundamental geological environment of the Southern Downs 
outlier and the Undercliff and embodies the results of 
extensive surveying measurements to define the local 
structure and stratigraphy. Quaternary geological history, 
deposits and slope development are reviewed in chapter 3. 
The hydrogeological factors affecting the Undercliff are 
examined in chapter 4 with a preliminary examination of 
surface and sub-surface water in the wider context of the 
Southern Downs. Aspects of the coastal environment, 
including offshore bathymetry, incident wave climate, beach 
sedimentation and coast protection, are considered in 
chapter 5.

Chapters 6 and 7 examine respectively the geomorphology 
and activity of the Undercliff landslides themselves. These 
studies draw on both published and unpublished records and on
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the results of extensive mapping and surveying. The case 
record of the recent damaging landslide at Blackgang is 
included in chapter 7. This is followed by a more general 
review of the geotechnical properties of the materials, the 
nature of the slope processes affecting different parts of 
the Undercliff, and of the geomechanics of the multiple 
rotational landslides. In chapter 9 the above information is 
collated and synthesized into a landslide hazard assessment, 
while in the concluding chapter a synopsis is presented.
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Figure 1-3. The first published geological cross 
section of the Undercliff, by Conybeare and Phillips (1822).
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Figure 1-4. Classification of coastal landslides (after 
Hutchinson 1982b).
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24. Rotational slope failure 
& degeneration into frontal 
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2. GEOLOGICAL RECONNAISSANCE

2.1 INTRODUCTION

2.1.1 Geological setting

The high southern hills of the Isle of Night, known as 
the Southern Downs, are an outlier of Lower and Upper 
Cretaceous sedimentary rocks. An eroded lowland, termed here 
the central valley, separates these hills from the central 
ridge of the Island which is formed from the same rocks. The 
Undercliff is the coastal outcrop of the Southern Downs 
outlier. Impressive sequences of gently dipping strata are 
exposed in stepped cliffs up to 170 m in height. Much of the 
outcrop is, as noted above, obscured by the complex of 
landslides developed in the Gault which is located 
approximately in the middle of the stratigraphic sequence. 
It is proper, then, to define the limits of the study of the 
Undercliff landslides as being largely coincident with the 
major coastal outcrop of the Gault.

It is a fundamental thesis of the study that the 
location, nature and activity of the landslides are 
controlled by the geological setting. Thus, in the context 
of the reconnaissance nature of the project, considerable 
attention has been given to elucidating the detailed 
stratigraphic relations of the rocks and the nature of local 
structural variations. Attention in this chapter is given to 
the "solid" geology of the Southern Downs and Undercliff.

2.1.2 Review of geological literature

A comprehensive bibliography of geological literature 
applying to the Isle of Wight up to 1889 is presented by Reid 
and strahan (1889), following an earlier work by Whitaker 
(1873). Notable among the earlier contributions on the



geology of the Undercliff and Southern Downs are works by 
Engle fie Id (1816, with additional observations by Webster), 
Conybeare and Phillips (1822), Fitton (1824, 1836, 1845), 
Rickman (1840), Mantell (1847), Norman (1858, 1882, 1887) and 
Bristow (1862).

Relatively few important works have appeared since the 
2nd edition of the Geological Survey Memoir (Reid and Strahan 
1889). Jukes-Browne (1900, pp. 14-31) provides a detailed 
historical account of work done on the Gault and Upper 
Greensand, tracing the derivation and development of the 
accepted nomenclature, and reviewing comprehensively the 
investigations Into the stratigraphic relations of the 
Cretaceous rocks. A subsequent monograph (Jukes-Browne 1903) 
examines the Lower and Middle Chalk. Osborne White (1921) 
produced a shortened and revised memoir, based largely on the 
former 2nd edition. More recent palaeontological 
investigations (e.g. Kitchin and Pringle 1922, Jackson 1939, 
Wright and WTight 1942) have contributed to the elucidation 
of the stratigraphic context of the Isle of Wight Cretaceous 
strata.

With three exceptions there have been no major recent 
contributions to the geological literature of particular 
relevance to the Southern Isle of Wight. Two of these works, 
Casey (1961) and Owen (1971), concern the stratigraphical 
palaeontology of groups which are represented in the Island, 
and Dike's (1972) paper refers specifically to outcrops in 
the vicinity of the Undercliff. Dr A N Insole (pers. conon. ) 
has remarked that a comprehensive review and revision of the 
Lower Cretaceous in the Island is long overdue, for recent 
work on regional structure, palaeontology, stratigraphy and 
sedimentology makes general continued reliance on Osborne 
White (1921, reprinted 1975) and the I.G.S. Special Sheet 
(republished 1976 with only minor revisions from the 1926 
edition) open to uncertainty or error. The following 
disscussion has taken account of the recent works and 
attempts to satisfy the need for both a more up to date and a
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very detailed, site specific geological review.
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2.2 STRUCTURE AND TECTONTSM

2.2.1 Regional patterns

To account for the present situation of the Southern 
Downs as an outlier, a wider examination of the regional 
geology is appropriate. The isle of Wight is not separated 
geologically from the mainland, but forms an important 
component in the southern Hampshire Basin (figure 2-1). This 
is described more properly as the Hampshire-Dieppe Basin by 
Smith and Curry (1975), who have demonstrated the continuity 
of sedimentation across the English Channel. The central 
area of the English onshore part of this Basin is accupied by 
Eocene and Oligocene (Palaeogene) strata which were deposited 
on an uplifted and slightly eroded Chalk surface (Chatwin 
1960). Fringing the Basin are the outcrops of Cretaceous 
rocks. The Isle of Wight, on the southern edge of the Basin, 
may be seen in figure 2-1 to be divisible into two distinct 
provinces, comprising locally a northern Palaeogene and a 
southern Cretaceous outcrop. The latter lies strictly beyond 
the southern margin of the Hampshire Basin and is 
structurally more closely related to the Central Province of 
the Channel (Smith and Curry 1975), although for convenience 
it may be included with the Hampshire Basin (Jones 1981).

The representation in the Isle of Wight of virtually the 
whole of the British Cretaceous and Tertiary is related to 
rather severe monoclinal folding which has brought the 
younger northern strata into close proximity to the older 
southern rocks. Dyer et at. (1969) reported the greatest 
northerly downturn of the strata locally to lie under the 
west Solent where the upper surface of the Chalk descends to 
a depth of about -518 m; Jones (1981) suggests a figure 
nearer -800 m ( figure 2-2). The great monocline which passes 
east-jwest through the centre of the Island between Culver 
Cliff and the Needles is shown in a generalised north-south 
section of the southern part of the Island (figure 2-3). The 
pronounced asymmetry, marked by a steep northern limb and a
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gently inclined southern limb, is repeated in a series of 
more gentle folds (figure 2-2) which are considered by Smith 
and Curry (1975) to be relatively minor flexures in an 
othezwise tectonically smooth structural province, The 
gently southward-dipping structure of the southern Isle of 
Wight is matched by that in the Isle of Portland. The 
monocline in the Isle of Wight may be traced westward into 
the Isle of Purbeck and along the Dorset coast, where the 
greatest relative displacement of the strata (at least 1200 
m, according to Smith and Curry 1975) occurs owing to this 
northern limb of the fold being overturned or broken by a 
fault, as at Ballard Head (Chatwin I960). White (1948) 
inferred from gravity data that the Isle of Wight monocline 
passed down into a fracture in the upper Palaeozoic basement. 
Tracing the fold eastward, Smith and Curry (1975) describe 
the recent recognition of its continuity with structures in 
southern Normandy. Termed the Bembridge—St Valery line, it 
changes direction towards the south-east just east of the 
Isle of Wight and the amount of NE downturn decreases 
south-eastwards.

The classic interpretation of the tectonic evolution 
(e.g. by Osborne White 1921, Jackson 1943, Wooldridge and 
Linton 1955, Anderson and Owen 1980) is that the greater part 
of the folding took place during the late Oligocene-early 
Miocene, a time when the uplift and crustal movements of the 
Alpine Orogeny in southern Europe were thought to be at their 
climax. Britain and northern Prance are described as 
experiencing the "outer ripples of the Alpine storm" 
(Wooldridge and Linton 1955, Anderson and Owen 1980). These 
are represented by major en echelon flexures not only in the 
Hampshire-Dieppe Basin but also in the London Basin, Wessex 
and the Weald with numerous smaller secondary folds 
superimposed on the macro-structural pattern.

This view has recently been challenged (George 1974, 
Jones 1974, 1980) and the concept of a brief mid-Tertiary 
episode of tectonism has now been abandoned (Jones 1981). In
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the latter work, Jones reviews comprehensively the evidence 
for prolonged tectonic activity or periods of pulsed 
tectonism, including the recognition (Read and Watson 1975) 
that the Alpine orogenic belt evolved over a 70 million year 
period lasting from the Lower Cretaceous to the Miocene.

Prom an examination of the geophysical setting and 
stratigraphic relationships, not only in the Hampshire Basin 
but also on a wider regional basis, it is suggested that the 
secondary folds were developed as the surface expression of 
posthumous movements of buried Hercynian structures within 
the Palaeozoic: basement rocks. Jones (1981) concludes that 
there are good grounds for arguing the occurrence of episodes 
of equal significance to those which undoubtedly took place 
in the late Oligocene-oarly Miocene. Certain 
intra-Cretaceous structures, occurring mainly in Dorset and 
the English Channel (Anderson and Owen 1980) are noted in
2.4.1 in connection with their Influence on contemporary 
sedimentation. The flexure pattern may have continued to 
undergo yet further modification right up to the present time 
by the mechanism of "post orogenic flexuring" (Jones 1974), 
in which posthumous movement of structures occurs as a result 
of warping and isostatic responses.

2.2.2 Local structures in the southern Isle of Wight

Ohe formation of the Southern Downs into an isolated mass 
of young rocks in a relatively elevated position with respect 
to the surrounding older rocks was achieved during or after 
the development of the monoclinal fold. It may be surmised 
that a continuous upland of Chalk capped by Tertiary rocks 
originally formed a land surface dipping gently southward 
from the east-west trending apex of the fold. The land that 
now comprises the southern Isle of Wight was denuded by 
fluvial and marine processes which resulted in the removal of 
virtually the whole of the anticlinal upland. A broad 
central valley now separtes two remnants of the original
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structural form, the Central Downs and the Southern Downs, 
between Which the ChalX, Upper Greensand and Gault strata 
were once continuous (figure 2-3)

The Central Downs

These consist mainly of steeply northward-dipping, more 
resistant Chalk, forming a prominent ridge, the so-called 
"backbone of the island", to which may be attributed the 
present lozenge-shaped outline of the Isle of Wight. Osborne 
White (1921, fig. 30) and Wooldridge and Linton (1955, fig. 
20) illustrate the positions Where anitclinal axes have been 
inferred to lie, just south of the Central Downs ridge owing 
to the asymmetry of the fold. It has long been held that the 
Isle of Wight fold actually comprises two major, nearly 
coincident, anticlines, the Sandown Anticline to the east and 
the Brighstone (formerly Brixton) Anticline to the west. 
This pattern is revealed through the widening of the Chalk 
outcrop near Calboume, mhere a minor syncline has been 
inferred, separating the two major anticlines. Whitten's 
(1957) study of the available dip data using stereographic 
analysis demonstrated the likely presence of "cyllrtdroidal" 
folding in the Central Downs, involving at least 5 parallel 
axes plunging at about 10° to the WNW. Osborne White's 
(1921) illustration also shows minor synclinal and anticlinal 
fold axes, approximately parallel to the major trend of 
folding, in the vicinity of Sandown Bay, and he records 
several small thrust and normal faults exposed in cliffs at 
Sandown Bay, Compton Bay and in a quarry at Ashey Down.

The Southern Downs

The Cretaceous rocks forming the Southern Downs are 
stated (Osborne White 1921) to have suffered "little 
deformation" which is certainly true in comparison to the 
Central Downs. Recent studies, outlined below, on minor 
structures in the vicinity of the Southern Downs tend to 
support the suggestion that the local structural pattern here 
also is rather more complex than had been inferred 
previously.
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Englefield (1816) was the first to describe the attitude 
of the strata. He noted a gentle eastward or south eastward 
dip from the vicinity of St Catherine's Hill, such that 
"Dunnose Head is the point towards which the strata all 
incline". Simms (1845) reported the dip of the lower 
Cretaceous rocks at ALherfield as being 2° to the SE. 
Englefield (18Tb), however, went on to make the following 
observation on the cliff of Upper Greensand in the 
Undercliff: "at St. Lawrence, the cliffs are not nearly as 
high as at Mirables; at Steephill they are still lower; and 
the rock suddenly disappears at the depression, down which 
the road from Apuldurcombe [sic) to Ventnor passes ... At the 
village of Bonchurch the rock suddenly appears again, and 
forms, as before, a perpendicular face, though not of so 
great height as in the western part of the range”. This
phenomenon was interpreted by Englefield as evidence of the 
rock thinning toward the east, although this possibility 
would have been largely discounted by the geological 
investigations of the middle and late 19th century. Allowing 
for the alternative interpretation of a variable thickness of 
slipped masses abutting and obscuring the cliff outcrop, 
there remained the implicit suggestion that the
south-eastward dipping structure might be an 
over-simplification, and that the facts pointed to a shallow 
synclinal structure.

Such an interpretation has subsequently been arrived at 
from further geological evidence, although never, to the 
writor's knowledge, formally stated except by Hutchinson 
(1965b) who, using limited data on the elevation of the 
(poorly-exposed) base of the Gault, illustrated figuratively 
the synclinal form and termed it the St Lawrence Syncline 
after the neighbourhood where the axis was inferred to cross 
the coastline. Norman (1887) referred to a "great depression 
in the Lower Greensand" which he described correctly as 
extending between Bonchurch and Rock on End, and disappearing 
from view between eastern Ventnor and Binnel Bay. Reid and 
Strahan (1889) had already demonstrated a change in the
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direction of dip, from ESE near Chale to SSW near Luccombe 
and Dunnone. They arrived at a partial interpretation of the 
Southern Downs structure by discussing, without illustration, 
the trends of proposed 100-foot contours approximating to the 
base of the Chalk. While remarking on the curvature of the 
highest contour, Reid and Strahan considered that a lower, 
more southerly, contour ran "more nearly parallel to the 
coast between Niton and Bonchurch", although not exactly on 
the line of strike since an eastward component of dip was 
evident. The writers attributed this to the waning strength 
of the Sandown Anticline and the growing influence of the 
Brighstone Anticline. It could, on the other hand, be argued 
that the evidence then available pointed conclusively to a 
gently plunging synclinal form, although this seems not to 
have been elaborated fully, nor to have been taken up by 
Osborne White (1921) in the subsequent geological memoir.

Other questionable structural interpretations are worth 
noting. Over the length of the railway tunnel between 
Wroxall and Ventnor, Reid and Strahan (1889) estimated the 
strata to dip at between 1.5° and 2° "southwards", which 
accords with the data derived from their rather coarse 
contour interval. It was further remarked how this tended to 
show that the dip became "rather steeper in the Undercliff 
than it is in the Downs immediately to the north". Such a 
trend is still, illustrated in a recent geological cross 
section (I.G.S. 1976), but is thought by the present writer 
to be a misinterpretation. From recent measurements (see
8.2.1) it is thought likely that the rocks exposed around 
Upper Ventnor, which were used partly in the initial 
interpretations, have subsided gently without much disruption 
to the stratification. By assuming the outcrops to be 
undisturbed, the early geologists would have calculated an 
apparent dip that is steeper than for the truly undisturbed 
strata.

Nothing is known of the tectonic evolution of the 
Southern Downs block, or the age of the synclinal folding and
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tilting. Two interesting suggestions have, however, been 
made concerning the Southern Downs which, bearing in mind the 
possibility of "post orogenic flexuring" (Jones 1974), are 
open to a tectonic interpretation. An author named 
Mackintosh, referred to by Norman (1887), claims, in effect, 
that the steep, northern slopes of the outlier are 
"supra-marine sea cliffs". The ooincidonee of the ground 
elevations at the lower parts of the these slopes with a 
suggested sea level of about. 145 m for the Plio-Pleistocene 
(formerly "Calabrian") transgression in the Hampshire Basin 
(Jones 1981) is not inconsistent, but that writer concludes, 
after lengthy argument, that "the geomn rpholog ical 
significance of the Plio-Pleistocene incursion has ... been 
so greatly reduced that tho status of the event is now in 
doubt". An alternative view which could account for
Mackintosh's apparent, observation is the tilting southward of 
the Southern Downs block in Neogene and Pleistocene times.

A second observation having possible relevance to the 
tectonic evolution of the Southern Downs concerns the gentle 
synclinal structure. A local story, first mentioned by 
Worsley (1781) and repeated with varying degrees of disbelief 
by Hassell (1790), Warner (1795), Englefield (1816) and 
Martin (1849), relates to the alleged relative subsidence of 
Week Down which lies between the two high extremities of the 
outlier, St Catherine's Hill and St Boniface or Shanklin 
Downs. At some period prior to the early 18th century, 
observers standing on St Catherine's Hill had, apparently, 
not been able to see the distant hill to the east over the 
intervening Week Down, but that gradually St Boniface Down 
had become visible. Hassell (1790) notes that "some old 
people tell you that this has partly happened within their 
own remembrance", and Englefield (1816) suggests the apparent 
change took place "in about a century". The present 
elevations of the three main prominences are, from the west 
respectively, +236 m, +209 m, and +242 m O.D. The 
observation is tantalizingly consistent with the synclinal 
structure and could be taken as indirect support for the
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operation of "post orogenic flexuring". Martin's (1849) 
remark that "St Catherine's# itself# is said to have 
decreased in altitude since the period of former surveys" is 
probably unreliable and may in part be a reflection of the 
imprecision of earlier surveying.

2.2.3 Investigation of the Southern Downs structure

The existing structure of the Southern Downs# and in 
particular the presence of a "St Lawrence Syncline"# has been 
thoroughly examined in this study to establish the correct 
position of the strata in relation to the land surface# in 
the detail demanded by geotechnical investigation of the 
landslides. Hutchinson's (1965b) structural interpretation 
was adequate to demonstrate an intimate relation with the 
types and frequency of landsliding. The present project has# 
by extensive surveying measurements# greatly enlarged this 
provisional interpretation.

Prom the detailed field mapping and study of the 
stratigraphy and lithologies of the exposed solid strata (see 
2.4)# two horizons in the sequence were identified which# 
because of their continuity and ease of identification in 
outcrops over the whole outlier# were designated marker 
horizons. The more important of these is the base of the 
ubiquitous freestone bed which lies near the top of the Malm 
Rock subdivision of the Upper Greensand. Where these rocks 
are exposed in the cliff# the freestone bed# which is 
relatively harder than the rest of the underlying Maim Rock# 
generally forms an overhanging projection (figure 2-4) its 
base being sufficiently sharp and linear to be used in 
surveying. The second marker horizon is the junction of the 
Sand rock and Carstone* It is identifiable normally by the 
contrast in colour and texture betwen the two units (figure
2-5), the ferruginous gritty and pebbly Carstone being 
sharply distinguishable from the fine white or yellow 
Sandrock below. In places where the two marker horizons are
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both exposed in the same cliffs it is thus possible to 
estimate the total thickness of strata in between.

Outcrops of the Upper Greensand freestone bed are 
numerous along the inland cliff of the Undercliff. Elsewhere 
around the Southern Downs outlier it is rare to find 
outcrops, except in old disused lime and freestone quarries, 
such as those on the edge of St Martin's and Appuldurconibe 
Downs. Reid and Strahan (1889) note others below St 
Catherine's Down and near Niton, but those could not be 
located. The presence of freestone may also in a few cases 
be inferred from the geological logs of wells and boreholes 
that penetrate the appropriate strata. However, for the 
places where the marker bed is not exposed it was considered 
justifiable to define indirectly the position and level of 
the base of the freestone by recourse to geomorphologleal 
interpretation. The upper surface of the Chert Beds, which 
are the hardest of the strata, forms prominent flat-topped 
spurs fringing the downs. An abrupt break of slope marks the 
edge of the outcrop ( figure 2-6) and this also normally marks 
the sites of the above-mentioned quarries. The break in 
slope is clearly discernible on the specially produced, high 
quality, 1:2500 scale topographic maps (refer 6.1.2). Since 
the marker bed is known from 2.4.2 to lie on average 10.6 -
11.2 m below the top of the Chert Bed unit, it is possible to 
derive a. probable level for the freestone horizon at several 
places where the flatter ground just up-slope of the break in 
slope indicated the close proximity of the Chert Beds to the 
surface. It is considered that the results of this method of 
indirect estimation are accurate to ±2 m, allowing for 
variable thicknesses of topsoil overlying the Chert Beds at 
these places.

Rather fewer outcrops of the base of the Carstone are 
available, owing to the less prominent nature of its 
geomorphological expression. Surveying sites were limited to 
the cliff sections at Blackgang and Dunnose—Luccombe, and to 
one inland quarry. The trends recorded by the lower marker
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horizon do not thorn fore make for easy interpretation, but. 
can be used to verify those of the higher freestone horizon.

The levels of the marker horizons and of the Chert Beds 
surface were determined by conventional surveying techniques. 
The locations of the outcrops were found accurately on the 
1:2500 scale base map. The level at each outcrop was found 
by working frora the nearest reliable Ordnance Survey 
benchmark. Some of these benchmarks were on the old 
lands! ipped masses of the Under cliff, but an examination of 
their level histories showed them to be generally quite 
reliable and accurate to about 10 mm. The present levels of 
benchmarks known to have moved were also found as part of the 
project (see 7.2.2).

Several processes of levelling wore used as follows:

1. Where it was possible to reach the marker horizon with a 
reflector target, direct t.ri gonometric levelling was applied 
using a Kern DKM2AE 1-second theodolite fitted with a DM501 
electronic distance measuring device. (In one case a Topcon 
Guppy GTS—1 5-second theodolite with integral EDM was used, 
and a later survey used an El electronic theodolite to 
replace the dkmzae . ) The accuracy of this method was at 
least as good as the accuracy of the reference benchmarks.

2. Where the outcrop was inaccessible but visible from more 
than one point, a base line was set up and measured. The 
instrument levels at each end were found by backsighting 
benchmarks. The vertical and the horizontal angles from the 
base line to an identifiable point at the marker horizon on 
the cliff were then measured. This enabled the horizontal 
and vertical distances from each end of the base line to the 
sighting point to be calculated. The two levels for each 
point found in this way were in very close agreement. The 
same equipment as in method 1 was used here.
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3. Where points were inaccessible and visible from one point 
only, a Carl Zeiss/Jena BRT006 rangefinder was used to find 
the angle of elevation and distance to the marker horizon 
outcrop from the point established using the Kern 
instruments. The level accuracy achieved by this method was 
of the order of 100 mm.

4. One point which was accessible but completely masked by 
the undergrowth was levelled using a System Paulin surveying 
aneroid barometer. The instrument was read at two adjacent 
benchmarks before and after reading at the cliff face, and 
the whole operation was repeated several times. The 
levelling accuracy was of the order of 300 mrn but as at this 
particular point it was difficult to identify positively the 
base of the freestone bed in the cliff face, the true 
accuracy is therefore unknown.

All angles were measured on both faces of the theodolite 
and all distances wore measured at least twice to eliminate 
gross errors. Corrections for curvature arid refraction were 
applied to long sights (greater than about 90 m), although 
these were quite small and could have been ignored.

Figure 2-7 is a geological map, drawn from Sir A 
Strahan's original 1887 survey (r.G.S. 1909, published at 
1:10,560 scale), showing the recently surveyed levels for the 
marker horizons. Contours are drawn for the freestone bed. 
It is to be expected that tracing contours for the base of 
the Carstone would yield a broadly similar, but not exact 
duplicate, pattern owing to changes in the thicknesses of the 
intermediate strata. The south-south eastward plunge of the 
syncline is clearly visible. Its axis seems, however, to be 
closer to Ventnor than St Lawrence, and the preferred name, 
using Hutchinson’s criterion, will be Ventnor Syncline.

The trend of the axis of the Ventnor Syncline, 
approximately to the SSE and plunging gently in the same 
direction, is somewhat Inconsistent with the general
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west-north-westerly en echelon linearity of structural axes 
in the Island proposed toy Osborne White (1921), Wooldridge 
and Linton (1955) and Whitten (1959). This could be taken to 
indicate a change in the mechanism of regional tectonic 
evolution. It is, however, more likely that the flexure 
represents the contemporaneous accommodation of the earth's 
crust to the south-eastward change in direction of the 
Hampshire-Dieppe monoclinal fold (Smith and Curry 1975).

Other independent evidence has further confirmed the 
structure as interpreted above. A recent vitoroseis 
geophysical survey of part of the southern Isle of Wight was 
conducted toy Gas and Oil Acreage Ltd. Or J Donato (pers. 
comm.) has kindly made available the unpublished preliminary 
results. The provisional interpretation suggests the 
presence of deep rer lectors in the Jurassic, such as the 
Portland Stone and the Forest Marble (Great Oolite). Several 
traverses of the Southern Downs were made, from which Dr 
Donato has determined the following trends for the 
approximate base of the Cretaceous. From Chale to Niton (ESE 
trend) am average dip of 3° was noted. From Western Ventnor 
to Niton (WSW trend) a gentle syncline was noted with an 
eastern limb averaging 1.75°; its axis was in the vicinity of 
Binnel Bay. The traverse from Whitwell to St Catherine's 
Point (SSW trend) showed an average dip of 1.5°. If these 
trends are superimposed on the map (figure 2-7), a remarkable 
consistency is indicated between the very deep structure and 
that exposed at the surface by the Upper Greensand. Allowing 
for some obliquity to the trend of maximum dips, the values 
obtained agree closely, despite a slight displacement in the 
position of the synclinal axis.

Well data from the Southern Water Authority (Mr M J 
Packman, pers. comm.) indicate similarly consistent trends in 
the Ferruginous Sands. Boreholes in the central valley of 
the Island have penetrated the base of that formation and a 
preliminary, unpublished contour map of the eastern part of 
the valley shows a strong gradient dipping to the WSW; that
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is, striking in approximately the same direction as the axis 
of the Ventnor Syncline, and registering possibly its eastern 
limb. The limited data available for the area immediately to 
the north of the Southern Downs make interpretation 
difficult, however. It could be argued that by visualizing a 
deep extension of the synclinal trend north-north-westwaxds 
across the valley, a kind of "inter Ter once ** pattern may be 
produced with the Central Downs monoclinal axes thus partly 
accounting for the complex structure at Calboume noted 
earlier.

Additional data from the Southern Water Authority derive 
from records of two boreholes, the Whitwell Production 
Borehole (SZ 515777) and Roud Borehole <SZ 515798). With 
respective ground levels of +70.72 m and +41.98 m O.D., the 
surface drainage is to the north but the water levels were 
recorded consistently over three years to maintain a 
difference of between 0.90 and 1.68 m, the gradient this time 
being to the south. If there is a relation between the 
aquifers of the Ferruginous Sands and the structure, then the 
slight gradient (0.05°) may indicate a deep body of 
groundwater, the configuration of which conforms to the dip 
of a southward plunging structure. The argument is tenuous, 
but the evidence consistent again with the presence of the 
Ventnor Syncline in this vicinity.

2.2.4 Seismicity

The possibility, alluded to above, of very gentle 
continuing tectonism up to the present day is reflected 
partly by the periodic occurrence of earthquakes. There are 
no historical instances of earthquakes having taken place in 
the Isle of Wight, although records of shaking felt in the 
Island are reported by Davison (1924), Anon (1931) and Milne 
(1939). The sources of these are noted to be as far distant, 
for example, as Chichester, Colchester and Lisbon, due 
undoubtedly to tectonic disturbances of greater regional or



35

global significance than any possible flexuring in the 
Southern Downs.



2.3 STRATIGRAPHIC OUTLINE

The Undercliff is formed in rocks Whose geological age 
spans the Lowery-Upper Cretaceous boundary. The majority lies 
within the Albian Stage (Lower Cretaceous) which has been 
estimated to have had a duration of 6 (Casey 1964), 8 (van 
Hinte 1976) or 11 (Baldwin et al. 1974) million years, and an 
upper age varying from 110 (Baldwin et al. 1974), 100 (Casey 
1964, van Hinte 1976) to around 94 million years (Lambert 
1971, Rawson et al. 1978). The Albian-Cenomanian Stage 
boundary is accepted as the boundary between the Lower and 
Upper Cretaceous; however, its stratigraphic location in the 
Isle of Wight has long been misinterpreted. This arose 
principally from Jukes-Brown's (1900) inclusion, on 
lithological grounds, of the Gault and Upper Greensand (his 
"Selbornian" group) within the Upper Cretaceous. This in 
turn required the Lower-Upper Cretaceous boundary to be 
imposed at the Carstone (Lower Grensand)-Gault contact, a 
difficult distinction for, even then, on uncertain 
palaeontological grounds, these strata could well have been 
regarded as two facies of the same group. It is clear, 
though, from more recent stratigraphical accounts (e.g. Spath 
1926, Casey 1950, CX̂ en 1971) that Jukes-Browne • s 
interpretation was wrong, as palaeontological evidence now 
shows the Gault and Upper Greensand to be within the Albian 
Stage and therefore of Lower Cretaceous age. It follows from 
the placing of the various formations and groups into an 
international stratigraphic context, such as the Albian 
ammonite subzonal scheme of Owen (1975), that the 
Albian-Cenomanian Stage boundary is marked in the Isle of 
Wight by the Upper Greensand-Lower Chalk contact. That the 
former erroneous distinction persists in publications as 
recent as 1976 (I.G.S. 1:50,000 scale Isle of Wight Special 
Sheet) is surprising, to say the least.

The long neglect of the Isle of Wight Lower Cretaceous 
stratigraphy has prompted a revision and codification of the 
stratigraphic scheme and nomenclature to be made here. This
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differs from all recent geological accounts which have tended 
to reiterate the outdated views of the main existing 
geological reference sources, Osborne White (1921) and I.G.S.
(1976). Three departures from conventional usage cure 
proposed: (i) the erection of a formalized group and 
formational scheme; (ii) the restoration to greater use (in 
the Isle of Wight at least) of the term Selbomian; and (iii) 
the elevation of the Carstone from the Lower Greensand into 
the Selbomian.

No formal lithostratigraphic scheme for the Isle of Wight 
seems to have been adopted widely. It may be inferred from 
Osborne White's (1921) hierarchy of chapter titles (Wealden, 
Lower Greensand, Selbomian, Chalk etc.) that a kind of 
provisional arrangement was intended. This follows broadly 
the historical subdivision of the Lower and Upper Cretaceous 
into "series" which reflect major lithological differences. 
Because of the current rather restricted definition of this 
term in a stratigraphic sense it is now inappropriate to 
retain it to describe lithostratigraphic units. In later 
chapters on the Tertiary Osborne White switches to 
conventional time-stratigraphic terminology (Eocene, 
Oligocene); this is, however, not directly relevant to the 
Southern Isle of Wight where no Tertiary rocks occur. To be 
consistent in terminology it is now convenient to apply the 
time-stratigraphic Cretaceous Stages (e.g. Barremian, Aptian, 
Albian, Cenomanian, Turonian etc.) to the Isle of Wight 
Cretaceous. By taking Osborne White's hierarchy as 
corresponding to a formal structure, it is therefore proposed 
here to adopt these as groups and to subdivide them 
lithostratigraphically into local formations and members 
(table 2-1).

The term Selbomian was introduced by Jukes-Browne (1900) 
to describe the Gault and Upper Greensand in the Isle of 
Wight and elsewhere in Southern England. Jukes-Browne and 
Hill (1896) had earlier stated: "To speak of the Gault as a 
formation distinct from and older than the Upper Greensand is
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simply a mistake, for there can be no doubt that what is 
called Upper Gault in the east of England is coeval with 
Upper Greensand in the west. They are merely lithological 
facies of one group of deposits". Godwin-Austen (1850) had 
remarked on this too, although his view was not accorded much 
recognition. Because of the equivalent importance of both 
the Gault and the Upper Greensand in the Island, and for 
stratigraphic reasons, it was natural to group them under an 
omnibus title, but despite Osborne White’s (1921) use of it, 
the name Selbornian does not seem to have gained general 
acceptance. This may be due in part to the marked 
lithological difference between the strata which is 
emphasised by continuing to refer to the units separately, in 
contrast to the practice applied to the other 
lithostratigraphic groups (Lower Greensand, Chalk) whose 
subordinate lithological divisions are insufficiently 
distinct to warrant special designation.

A related argument confounds the definition of the Lower 
Greensand- Selbornian boundary. Casey (1950) showed, for 
Kent and Sussex, that the Lower Greensand and Gault are parts 
of an essentially continuous series. The difficulty, alluded 
to above, of defining the base of the Gault in terms of 
ammonite zones is compounded in the Isle of Wight by having a 
conformable lithological passage from the Carstone into the 
Gault. This fact was pointed out by Strahan (1886) and again 
by Reid and Strahan (1889), although insufficient 
stratigraphic evidence seems to have been then available to 
cause the Carstone to be regarded separately from the Lower 
Greensand with which it has closer lithological association. 
Osborne White (1921), also lacking firm evidence, did state: 
"Should further research prove the Carstone to belong to the 
Douvtlleiceras mamnrillatum Zone, the Selbomian of the Isle 
of Wight will require to be extended downwards to the top of 
the Sandrock". Casey (1961) was able to conclusively relate 
the Carstone to the Albian zone of D. mcamttlatum. Osborne 
White’s criterion roust therefore be adopted to produce an 
Isle of Wight Selbomian Group consisting of three
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formations, the Carstone, the Gault and the Upper Greensand. 
It is clear, from the accounts of Casey (1950, 1961) and 
Rawson et al. (1978), that on both lithological and 
palaeontological grounds a correlation can be made between 
the Carstone in the Isle of Wight and thin sandy and nodular 
phosphate bearing basal beds of the Gault from elsewhere in 
southern England.

An outline of the revised stratigraphic scheme, 
incorporating the new proposals for the Isle of Wight Albian 
stratigraphy, is presented in table 2-2. The correlation 
with the geological formations is tentative, having been 
made with reference to Casey (1961), Kennedy (1969), Drummond
(1970), Owen (1971, 1973, 1975 and pers. comm.) and Rawson et 
al. (1978).
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2.4 SEDIMENTOLOGY AND LITHOLOGY

2.4.1 Deposition

The groups in table 2-1 are wholly marine, although the 
great variety of lithologies and sedimentary structures 
exhibited by the comprising formations suggests a 
considerable variation in depositional environments. These 
are described briefly below for the Isle of Wight strata 
which are exposed in the vicinity of the Undercliff.

The Lower Greensand includes a variety of beds, not only 
the characteristic glauconitic sands but also clays and 
sandstones, which form a complete and conformable sequence 
from the wealden strata to the top of the Sandrock. Dike 
(1972) testifies further to the complexity of the formations 
comprising the whole group. His study of trace fossil 
burrows has indicated that a change took place from 
dominantly offshore sedimentation of the Ferruginous Sands to 
shoreline and nearshore environments for the Sandrock. A 
general absence of glauconite in the latter formation is 
noted by Dike to be related to depths shallower than 50 m. 
The Sandrock has, in its sandier members, some well-developed 
cross-bedding, mud ripples and related structures which 
verify Dike's mineralogical and palaeontological 
observations.

The Selbomian succeeds the Lower Greensand almost 
conformably, but Jukes-Browne (1900) suggests that very 
considerable physical and geographical changes took place at 
this time. The Carstone has a definite base and there are 
signs that its deposition was preceded by a pause and some 
slight erosion of the underlying Sandrock (Osborne White 
1921).

Considered on a regional scale, the Selbomian is known 
to overlap and spread beyond the limits of the lower group, 
and Sellwood sund Sladen (1981) regard this as being due to a
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general and considerable deepening of the Cretaceous sea. A 
tectonic trend of tilt downward to the east is suggested by 
the manner in Which the Selbomian Upper Greensand to the 
west of the Isle of Wight unconformably and successively 
overlies rocks of the Lower Cretaceous, Jurassic, Triassic 
and Permian. The Selbomian is assumed to have accumulated 
at depths increasing from around 90 to 180 m nearer the 
beginning of the period of (Gault) mud deposition, to as much 
as 400 m at the end of the period (Osborne White 1921). The 
lithological succession from muds to sands is not 
inconsistent with a progressively deepening sea, if, as 
Jukes-Browne (1900) suggests, new sand sources and stronger 
currents were being formed by gradual submergence of the 
Mendips, the Quantocks and Exmoor far to the west. It is 
also possible that the regional changes in Selbomian 
lithology may be attributable to intra-Cretaceous tectonic 
movements. Drummond (1970) proposed the existence during 
Upper Albian-Cenomanian times of a Mid-Dorset Swell Which is 
claimed to have suffered extensive reworking, condensation 
and erosion of deposits over its crest and to have produced 
distinct basins of local sedimentation that are responsible 
for local lithological variants such as the Chert Beds. Owen
(1971), however, concludes from the wider context of his 
study of the Anglo-Paris Basin that early Upper Albian 
tectonic movements "caused the planing-off of the upper 
surface of the Middle Albian sediments throughout England". 
It is well known (e.g. Chatwin 1960) that the Gault in the 
Isle of Wight (correlated with the Lower Gault at Folkestone) 
becomes sandier and thinner as it is traced westward into 
Dorset, and that the Upper Greensand (correlated at 
Folkestone with the Upper Gault) becomes more predominant. 
If the suggested contemporary tectonic movements were taking 
place, and generally eastward or south-eastward currents are 
assumed, as for example in Jukes-Browne*s explanation, then a 
more typical shallow marine environment with sand deposition 
would have prevailed during Upper Albian times in the area 
closer to the eroding sources, west of the Isle of Wight, and 
deeper seas with mud deposition to the east. The relative
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paucity of muddy Gault sediments (Middle JQbian) in the west 
is consistent with these either having been eroded locally or 
not having been deposited on a subaerial or shallow submerged 
land mass.

An apparent absence of upper Middle Albian fossils 
between the Euhoplttes lortcatus and Mortontceras (M.) 
tnflatum in the Isle of Wight (table 2-2) need not, however, 
be taken as conclusive proof of an episode of erosion then 
(Owen 1971), since the Gault here is considerably obscured in 
its upper outcrops by landslip debris. Neither is there 
clear evidence of any kind of deposit ional break at the base 
of the Passage Beds. It may also be that, owing to the 
hardness of the Gault, only the more superficial and 
weathered accessible outcrops are available for sampling but 
have not yet yielded recognizable palaeontological evidence 
of the age of the rocks.

The next major group, succeeding the Selbornian, is the 
Chalk which is entirely of marine origin. There is no doubt 
that a great change in depositional conditions took place to 
permit, in the Isle of Wight, the maximum known thickness of 
Chalk to be deposited - almost 500 m. The composition is a 
mixture of fine coccoliths (calcareous planktonic algae), 
shell debris and foraminifera in varying proportions (Chatwin 
1960). Only in the lowest beds is there any considerable 
trace of detrital constituents; the bulk of the strata are 
remarkable on account of the absence of terrigenous material. 
Chatwin (1960) suggests that this may be due partly to land 
areas being far distant and partly to the prevalence of 
desert conditions on the land at that time. Jukes-Browne 
(1903) refers to evidence of a burrowed junction between the 
uppermost Chert Beds and the overlying Glauconitic Marl, with 
layers of phosphatic nodules and lumps of partly phosphatized 
stone, which he interprets as being due to increased current 
action involving reworking and possible erosion. Osborne 
White (1921) similarly interprets the presence elsewhere in 
the Chalk of laminated grey marl seams, and occasional signs
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of slight, erosion, an evidence of variability in the trend 
and speed of currents. In general, though, depostion rates 
for these sediments are very slow, and it is assumed by both 
Jukes-Browne (1903) and Osborne White (1921) that ocean 
depths had increased to around 1000 m or more.

2.4.2 Detailed lithology

Presented below are details of the formations in the 
sequence (table 2- 1 ) , Any import suit variations in lithology 
along the length of the Underdid and in the thicknesses 
have been noted. Stratigraphic columns are presented in 
figures 2-8a and 2-8b.

Ferrugtnous Sands

This formation outcrops significantly only in the coastal 
cliffs below Blackgang, and here only the uppermost three 
members are represented. At Iiucconibe, the uppermost bed (lc) 
of grey sandy clay is 3.0 m thick and descends to the beach 
in the vicinity of the Chine. The stratum numeration of 
Ihbetson and Forbes (1845) and the names and numeration of 
Fitton (1847) are especially useful and relevant to defining 
the individual members of this formation. Dike (1972) 
provided a very useful stratigraphic column with detailed 
descriptions.

Sandrock

Good sections are exposed both at Blackgang and Luccouibe. 
The formation thins towards the east. Again the scheme of 
Fitton (1847) is used, and descriptions of the unnamed 
members were recorded by Reid and Strahan (1889) and Dike
(1972). The units shown in figure 2-8a are those at 
Blackgang. The sequence at huccombe is given separately in 
figure 2-8b. it appears from Dike's paper (1972, fig. 4) 
that the member designated 2f above may not be developed at 
the eastern site. Fitton's scheme (for the Atherfield to 
Rock on End section) has not been applied here; Osborne White
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(1921) did, however, attempt a correlation for the 
Ferruginous Sands.

Car stone

This formation thickens appreciably towards the 
north-east. In the west of the Isle of Wight, at Compton 
Bay, Reid and Strahan (1889) note a thickness of 1.8 m, 
whereas at Redcliff in the east it is at least 22 m thick. 
Two good sections are recorded in the Undercliff. The
section at Blackgang is given in figure 2-8a; that at Monks 
Bay, BonChurch, in figure 2-8b. The comprising beds are not 
subdivided into members because of their thinness and their 
close lithological similarity.

Gault

The Gault is, at almost every place in the Undercliff, 
largely obscured by landslip debris, so it is only with the 
greatest difficulty that a complete lithostratigraphic 
section can be presented. Unlike the Lower Gault at 
Folkestone, the formation here is not formally subdivided, 
which is probably due in part to its poor fauna.

The problem of determining the thickness of the Gault has 
received no recent attention. Almost all accounts (e.g. 
Chatwin 1960, I.G.S. 1976) cite 19th century estimates, these 
commonly being of the order 27 - 30 m for all outcrops in the 
Island. One difficulty in interpreting the early estimates 
is to discover whether the lowest division of the Upper 
Greensand (the Passage Beds) has been taken as part of the 
Gault, as for example by Simms (1845) and Reid and Strahan 
(1889). Wilkins and Brion (1859), giving an average
thickness of 27.4 m for the Gault of the Island, add that it 
"differs somewhat in the Undercliff from the state in which 
it is found elsewhere. It is neither of so great a thickness 
nor so perfectly a clay, being less clammy, more arenaceous, 
and containing generally fewer fossils than in other 
situations where it occurs". It is clear that Wilkins and 
Brion regarded the diminished thickness of Gault here els
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being due in part to masses of it having been "proceed out by 
the superincumbent weight" and that, in the Undercliff they 
were in general examining disturbed masses. These views were 
reiterated by Norman (1887). The former authors do, 
strangely, then note a thickness of 30.5 m at Blackgang, 
apparently following the uncertain measurements made by Simms 
in the previous decade. It is thus not surprising that 
confusion and uncertainty persisted in subsequent, 
publications.

It was not until the investigations of Owen (1971) that 
the possibility of error in the previous estimates became 
evident. Previously the thickness of Gault at its main 
outcrops in the Island (Compton Bay, Redclill, Rookley, 
Blackgang) had been reported generally to be of about the 
same order. While at Redd iff Owen's detailed measurements 
confirmed a thickness of 30.5 m, at Compton Bay it was shown 
to be reduced to 19.8 m "and may be over 100 ft (30.5 m) in 
the southern part of the Island". The outcrops here are of 
course so consider ably obscured by the landslips that until 
now accurate determination of Gault thickness has been 
difficult. Important new evidence is presented below.

Since at. least 1934 the stratigraphy recorded in 
boreholes in the Undercliff has been available and could have 
been used in an indirect estimate of the thickness of the 
strata. Two boreholes (I.G.S. No. 345/15 and 16), 230 m
apart in the vicinity of Upper Ventnor, penetrated 
thicknesses of the Gault and Upper Greensand strata. At 
least one of these boreholes is within an area affected by 
ancient landslide movements and the reported stratigraphy may 
thus be disrupted or disturbed. Given this major 
uncertainty, the levels of junctions between the respective 
beds have been inferred from the logs which are listed in 
appendix I.

The upper borehole (I.G.S. No. 345/15) reveals the likely 
boundary between the Passage Beds and the overlying Malm
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Rock, at a level of 4-67.4 m O.D. It is unclear whether, at 
the base of the borehole, the 0.6 m of "Blue Gault" 
represents fully the lithological change from Passage Beds to 
Gault (4-55.2 m O.D.); if so, then a thickness of 12.2 m for 
the Passage Beds may be inferred.

The other borehole (I.G.S. No. 345/16) which penetrates 
much of the Passage Beds and almost certainly all of the 
Gault, is recorded as having a ground level which is 
inconsistent with that at the indicated site. Allowing for 
the uncertainty of pinpointing in plan the position of the 
borehole to the nearest 10 m (i.e. from 8-figure grid 
reference) as the exact site is now unknown, a recent survey 
of ground levels allows the level of the base of the Gault to 
be estimated at 4-7.6 m O.D. Although the interpretation of 
the Gault-Passage Beds junction (at 4-52.2 m O.D.) is not 
unequivocal, a suggested maximum thickness for the Gault of
44.6 m may be inferred.

It is tempting to regard the close agreement in levels 
for the Gault-Passage Beds contact in the two boreholes 
(4-55.2 and 4-52.2 m O.D.) as confirmation of the validity of 
the interpretation; however, for the reasons noted above and 
becasue of a recent history of relative subsidence in the 
area (see 7.2.3), this should be done with caution. It may 
be predicted that, without any subsidence taking place, the 
local (southward) component of dip of the undisturbed strata 
(1.1°) in the line oE the two boreholes would account for a 
level difference of 4.4 m for any horizon, a result which 
agrees closely with the observed difference. The main 
renervati on in accepting the borehole data unequivocally 
concerns the imprecision of ground level for the lower 
borehole: an accuracy of ±1.5 m is assumed. It is concluded 
that the boreholes penetrate sequences which are probably not 
disturbed significantly, from which the following estimates 
for the thicknesses of the obscured strata may be made: Gault
44.6 m, Passage Beds 12.2 m.
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A confirmatory estimate has been obtained from the 
surveying measurements of the two marker horizons (2.2.3) in 
the vicinity of Dunnose. Both the Upper Greensand
(freestone) and the Carstone are exposed here, and, by making 
allowance for the local dip of the strata, it is possible to 
determine that about 81 m separates the two horizons. By 
subtraction of the known thicknesses of the constituent units 
(i.e. Carstone and Upper Greensand, figure 2-8b), a combined 
Gault and Passage Beds thickm?ns of close to 50 m can then be 
inferred. As the latter unit is nowhere exposed, subtraction 
of the thickness 12.2 m derived from the borehole (I.G.S. No. 
345/15), Which lies 2.1 km west of the surveyed sites, 
suggests that the remaining c. 38 m is probably close to the 
full thickness of the Gault here. A possible northward 
thinning ol the Gault is indicated by the stratigraphic 
evidence from a well (I.G.S. No. 345/20C) in Greatwood Copse. 
The site (S7. b74h«oo9) coincides approximately with the 
Gault-Upper Greensand contact shown on the It 10,560 scale 
geological map (I.G.S. 1909). From ground level a total
thickness of 30.5 m Gault is penetrated; the possibility 
exists, however, that the full thickness of the stratum is 
not preserved here.

It was also possible to obtain by surveying at Blackgang 
the best measurements to date of the thicknesses of the 
Selbomian strata. The opportunity to do this arose as a 
result of the great, landslide of March 1978 below Gore Cliff, 
in which previously obscured strata were freshly exposed. 
The result of precise levelling, described in 2.2.3, between 
the Carstone-Gault and Gault-Passage Beds junctions 
established the thickness of Gault here to be 43.6 m. 
Nowhere else in the Undercliff is it possible to duplicate 
this measurement.

The remarkable agreement between the two estimates, 
Blackgang 43.6 m and Vent.nor 44.6 m, proves conclusively 
that a greater thickness of Gault exists in the southern Isle 
of Wight than ever previously reported. Because of the
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uncertainties inherent in the estimation of the Ventnor and 
Dunnose data, a single value of the order of 44 m can be 
assumed with confidence anywhere in the central Undercliff; 
nearer the eastern extremity (Lucconibe) a thickness of not 
less than 35 m is likely.

Owen (1971, fig. 21) presents a detailed stratigraphic 
description of the lowermost 17 m of the Gault exposed in the 
cliffs at Blackgang (SZ 48877644), the same site at which the 
levelling and sampling (8.2.2) wan done. The description in 
figures 2-8a and 2-8b is abbreviated to include observations 
by Reid and Strahan (1889), Jukes-Browne (1900) and Osborne 
White (1921).

Upper Greensand

The upper members of this formation are exposed 
prominently along the whole length of the Undercliff, in the 
high inland cliff which forms in places the rear scarp of the 
landslide complex. Descriptions of the lithology and 
thickness are numerous, including accounts by Pitton (1836), 
Simms (1845), Ibbetson (1849), Norman (1858, 1882), Parkinson 
(1881), Reid and Strahan (1889) and Jukes-Browne (1900). The 
latter writer examined various sections, and provides a 
correlation which suggests that the formation thickens 
eastward towards Ventnor.

Jukes-Browne (1900) also suggests a six-fold subdivision 
of the Upper Greensand. It is more convenient for purposes 
of field identification and lithological similarity to take 
the following three members. The uppermost Chert Beds 
include Jukes-Browne' s units E and F, and the lowermost 
Passage Beds comprise unit A. The thick central sequence of 
soft nodular sandstones (B, C and D) has been termed the 
Sandstone and Rag Beds by Norman (1882, 1887), the Grey and 
Yellow Sands and Sandstones by Jukes-Browne and Hill (1896), 
and the Malm Rock by Reid and Strahan (1889). For brevity 
the latter term is used, although the comprising strata are 
not by any means formed entirely from "malm” (defined by
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Mantell (1847) as firm argillaceous rock), and only 
superficially resemble the true malm rock of Surrey and 
Hampshire (Osborne White 1921). Alternative names can 
include Rag Beds ("rag" is cherty sandstone or limestone), 
Firestone Beds or Freestone Beds, but all of these occur 
rather insignificantly in the sequence.

Because of the above-mentioned historical difficulty over 
the exclusion from or inclusion within the Gault of the 
Passage Beds (referred to by some writers as "rubble Gault"), 
no adequate determination of their thickness has been made 
since Simms *s (1845) estimate from Blackgang. Even this is 
of doubtful reliability because the cliff face tends to be 
obscured at its foot by fallen and slipped debris. As no 
detailed section was published to permit comparison with 
existing outcrops, the recognition of the upper and lower 
limits of the Passage Beds unit is, because of the 
gradational nature of the contacts, open to variable 
interpretation. In the excellent fresh exposure below Gore 
Cliff, upper and lower limits were indicated to the writer by 
Dr A N Insole (pers. comm.). These are illustrated in 
figures 2-9 and 2-10. The results of the precise levelling 
at Blackgang and the stratigraphic interpretation of the 
Ventnor borehole (I.G.S. No. 345/15) confirm the thickness of 
the Passage Beds in the southern Isle of Wight to be between 
11.9 and 12.2 m.

Two well documented sections (Norman 1882, and 
Jukes-Browne 1900) are combined to illustrate, in figures
2-8a and 2-8b, the lithology and slight variations in 
thickness of the Upper Greensand formation in Gore Cliff and 
at Ventnor.

Lower Chalk.

Outcrops of this formation axe limited in the Undercliff 
to cappings of the uppermost cliff in several places, and 
then only the lower members are exposed. The greatest 
thickness occurs above Ventnor. Webster (in Englefield 1816)
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remarked how, from its abnormal steepness, a part of the 
slope of St.Boniface Down appeared to have "contributed to 
form the ruins of ... the Undercliff" and therefore could be 
regarded formally as part of the rear scarp of the 
Underlcliff landslides. The slope in the Chalk here averages 
39° and it rises to a height of 78 m above the Upper 
Greensand. Allowing for the local component of dip of the 
strata, it may thus be inferred that a thickness of up to 
75 m of the Chalk Group should be included within the 
sequence of rocks relevant to this study of the Undercliff. 
No rock is, however, currently visible in this face through 
the thick vegetation cover. Prom the elevations of the 
highest downs, it may be inferred that not more than about 
100 m of the Chalk Group is preserved altogether in St 
Boniface Down, and only about 60 m in St Catherine's Hill.

The subdivision into several zones delineated by 
indicator fossils (e.g. Schtoenbachla varlans, Holaster 
aubglobosus, Acttnocamax ptenua), favoured by Jukes-Browne 
(1903) and Osborne White (1921), is not used here. Instead, 
the upward sequence of Glauconitic Marl, Chalk Marl, Grey 
Chalk, and A. ptenua Marin, having the status of 
lithostratigraphic members, is taken from Chatwin (1960). 
Only the lowest two members are described in figures 2-8a and
2-8b because the inaccessible or obscured outcrops have 
prevented measurements of thickness and detailed
stratigraphic descriptions of the whole Lower Chalk formation 
from being made in the Undercliff. Outcrops elsewhere in the 
Southern Downs are scarce and uncorrelated. Osborne White 
(1921) shows that the thickness of the Chalk Marl increases 
eastwards in the Central Downs, from 15.7 m at Compton Bay to
34.1 m at Culver Cliff. It is worth noting that the term 
Glauconitic Marl has replaced Chloritic Marl; and that 
Kennedy (1969) defines the upper limit of the Lower Chalk as 
the base of the A. ptenua Marls rather than at the base of 
the overlying Melboum Rock.



51

2.5 SUMMARY

Hie foregoing account of the geology of the Undercliff 
and the Southern Downs is necessarily comprehensive because 
it is believed that the geological setting provides the 
primary control of the landslides which form the Undercliff. 
It was clear that most of the available publications on the 
subject were inadequate, being outdated, unrevised to take 
account of recent developments, and in places factually 
wrong. The consideration given to the Undercliff in 
particular was generally not of a sufficiently detailed 
nature to be useful for purposes of geotechnical 
investigation. These conclusions arise out of a synthesis 
based on diverse recent publications, and from the results of 
extensive surveying measurements.

Two findings are of particular importance to the study of 
the landslides; these are the determination, by detailed 
surveying measurements, of the form of an important local 
structure, the Ventnor Syncline, and the proving of a 
considerably greater thickness of Gault than ever reported 
previously. These finding both represent major advances in 
the geological understanding of the Southern Downs. The 
opportunity to evaluate and formalize the lithostratigraphic 
sequence, in terms of both scheme and nomenclature, has 
provided a useful context in which to refer to the various 
comprising strata not merely for this project but also for 
Isle of Wight geological studies generally.

Two figures (2-7 and 2-11) serve to illustrate and 
summarize the details of the above findings. Figure 2-7 may 
be used to indicate the approximate component of dip of the 
strata featured in an engineering geological cross section. 
Thus at Blackgang and Luccombe it may be seen that the 
coastline runs approximately parallel to the direction of 
maximum dip. Comparison of the dip values obtained for the 
two marker horizons at these places confirms observed 
differences in the thickness of the strata, and especially of
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the Cars tone j upper and lower values at Blackgang of 1.8° and 
1.9° respectively point to the thinning of this formation to 
the north-west, whereas at Luccombe it is thickening to the 
north, as may be inferred from respective values of 2.0° and 
1 .8°.

Actual thicknesses of all the exposed strata and their 
variations along the Undercliff are presented in the 
elevation (figure 2-11). The vertical section is through the 
plane formed by the inland cliff, such as would be seen if 
all the coastal landslides were stripped away. Because of a 
variable component of dip to the seaward over much of the 
Undercliff, the level of the base of the Gault, or of sliding 
surfaces, or of any other important levels, will appear lower 
at their actual coastal outcrops than shown in the figure. 
The use of data from both figures thus permits a full and 
accurate three-dimensional visualization of the geological 
environment of the coastal landslides to be made.
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Table 2-1 Proposed lithostratigraphic scheme for the
CJndercliff and Southern Downs (for thicknesses 
see figure 2—8). Reference numbers apply only 
to outcrops in the vicinity of the Undercliff.

Group

Chalk

Formation

6 Lower Chalk

Member

6b Chalk Marl 
6a Glauconitic Marl

5 Upper Greensand
5c Chert Beds 
5b Malm Rock 
5a Passage Beds

SeJLbomian
4 Gault 4 (undivided)

3 Carstone 3 Fitton*s XVI (Bed 55)*

2 Sandrock
Lower
Greensand

2f Fitton * s XVI (Bed 54)*
2e Fitton's XVI (Beds 52,53)* 
2d Fitton * s XVI (Bed 51)*
2c Fitton's XVI (Beds 49,50)* 
2b Fitton * s XV (Bed 48)*
2a Fitton's XV (Bed 47)*

Ferruginous
Sands

lc Fitton's XV (Bed 46)* 
lb Fitton's XIV* 
la Fitton's XIII*

*Subdivision of Fitton (1847) and Ibbetson & Forbes (1845).
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Table 2-2 Stratigraphic 
Drummond 1970,

correlation for the Undercliff and Southern Downs (after Casey 1961, 
Owen 1971, 1973, 1975).

Kennedy 1969,

Time-stratiaranhic subdivisions bithostratiqraphic units

Stage Zone Subzone Member Formation

Middle
Cenomanian

Ac anthocaraa 
rhotomagenaa

Acanthocaraa 
juke a -brounet 
assemblage

Chalk Marl

bower Chalk

Turrtlttea acutua 
assemblage
Turrtlttea coatatua 
assemblage

bower
Cenomanian

Montelltcaroa 
montelit

Mantelltceroa gr. 
dtxont assemblage
Mantalltcaroa 
aaxblt assemblage
Bypoturrtlttea
carcitanenais
assemblage

Glauconitic Marl

Upper
Albian

Stoltczkata
diaper

Mortontceraa 
(Dumovarttaa ) 
partnflatum

Chert Beds

Upper
Greensand

Mortonlceras 
(Mortontceraa) roatratum Malm Hock

Mortontceraa 
(Mortontceraa) 
tnflatum

Callthoplttea aurttua
Byatarocaroa voricosum Passage Beds

non-sequence or obscured

Byaterocaroa orbtgnyt
Dtpoloceras crtetatum

Middle
Albian

Buhoplttes lautua
Anahoplitea davteat

Gault

Euhoplttea ntttdua

BUhoplitea lortcatua

Euhoplttea mecmdrtnus
Mojstaovtcata aubdelaruet
Dtmorphoplttea niobe

(undivided)Anahoplitea tntermedtua

Boplttea
(Boplttes) dantotua

Boplttea (Boplltea) apatht
Lyelltceraa lyellt
Boplttaa (laohoplttea) 
aodantotua

Pitton’s Bed XVI 
(Bed 55)

Carstone

lower
Albian

Douvtlletceroa 
mammtlatum

Protohoplttea
(Bemtaormeratta) puzoatanua
Otohoplttes raultnicm.ua
Claontcaroa floridum
Sormeratta kttchtni

Leymertella Leymertella regularis non-sequence
tardefvrcata Bypacanthoplttea

mtllattotdaa Pitton’s XV & XVI
Famhamta famhamensis (Beds 47 - 54) Sandrock
Bypacanthoplttea cmgltcua (undivided)

Bypacanthoplttea Bypacanthoplttea rubrtcoaua
jacobt Nolantceraa nolant Pitton’s XV (Bed 46)

Upper Parahoplttea cunntngtont Pitton’s XIV (Bed 45) Ferruginous sands
Aptian Parahoplttea Tropoaum aubarcttcum Pitton's XIII (Beds 41-44)

nutfieIdenata



Figure 2-1. Simplified "solid" geological map of part of the Hampshire Basin, including 
the Isle of Wight. Based on I.G.S. 1:50,000 (onshore) sheets and 1:250,000 (offshore) 
sheet. KEY: q1 3 -H Portland and Purbeck Groups, h 1 Wealden, h^ Lower Greensand, h^-4 
Gault and Upper Greensand, h5 Chalk, i2-3 Reading Beds and London Clay, i4-7 Bagshot, 
Bracklesham and Barton Beds, ±8-11 Headon, Osborne, Bembridge and Hamstead Beds.
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Figure 2-2. Geological cross section of the Hampshire Basin and western 
Weald, showing the nature of surface folds and the generalized form of the Palaeozoic basement (after Jones 1981) .



Coastal landslides
Central Downs Southern Downs o f the

Undercliff

H o rizon ta l S ca le  
(V e rt ic a l sca le  = 3 times horiz.)

Structural Outline of southern Isle of Wight (after 1: 50,000 Geological Map)

Figure 2-3.
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Figure 2-4. Chert Beds and upper part of Malm Rock units of 
Upper Greensand formation at Gore Cliff. Freestone bed 
(1.5 m thick) forms massive, projecting stratum in centre of 
photo, and its undercut base (arrowed) was used as marker 
horizon for surveying purposes.

Figure 2-5. Contact between yellow and white, flat- and 
cross-bedded Sandrock formation and ferruginous, gritty 
Carstone formation at Dunnose. Base of latter, marked by 
line of rolled quartzite pebbles and nodules, used as marker 
horizon for surveying purposes.



)
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Figure 2-6. Chert Beds, exposed in road cutting, form 
prominent break of slope around edge of the Southern Downs. 
This may be seen in background, with Lower Chalk of outlier 
gradually rising to St Catherine's Hill on right. Embayments 
below inland cliff may have been produced by ancient 
landsliding.





Figure 2-7 Geological map of the Southern Downs, showing contours for the shallow 
SSE-plunging Ventnor Syncline (geological boundaries after I.G.S. 1909)
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Figure 2-8a
Composite Section a t Blackgang

Unit Thickness Lithological Description

Slopewash. Friable to firm grey silt of recent origin.
Chalk Marl. Firm grey chalk alternating with thin bluish- 

grey marls and marly chalk.
Glauconitic Marl. Dark green highly glauconitic marly 

sand and sandstone to light grey sandy marl.
Chert Beds. Alternating layers of black or grey chert 

and soft grey glauconitic sandstone; at the top a thin 
layer of greenish-grey glauconitic sand with phosphat- 
ized concretions.

Malm Rock. Firm grey glauconitic sandstone weathering to 
buff, with irregular layers of large calcareous concre
tions and phosphatic nodules; a prominent 1.5 m thick 
bed of fine-grained yellowish-grey sandstone ("free
stone") , its base 2.4 m below the top.

Passage Beds. Blue to blue-grey silty to sandy micaceous 
clays and clayey sands, partly calcareous and nodular, 
and increasingly arenaceous upwards.

Gault. Indistinctly bedded hard micaceous silty clay, 
greenish near the top and dark blue or blue below; with 
scattered white-coated phosphatic concretions, pyritic 
nodules and acicular selenite. Becoming sandier in the 
lower one-third of the stratum.

Carstone. Brown and reddish-brown grit, interbedded 
with grey or blue clay; a line of small quartz pebbles 
with rolled phosphatic nodules at the base.

(Fitton's XVI, Bed 54). Grey sand with wood, large con
cretions and seams of clay; a line of quartz pebbles 
at the base.

(Fitton's XVI, Beds 52 & 53). Yellow and grey sandrock 
and cross-bedded sand, interlaminated with clay and 
wood nearer the top.

(Fitton's XVI, Bed 51). Laminated silty clay with
coarse silt and sand lenses, and wood; throws out the 
chalybeate spring.

(Fitton's XVI, Beds 49 & 50). White sandrock and fine 
yellow sands, more variable with clay partings towards 
the top.

(Fitton's XVI, Bed 48). Muddy sand and sandy mud, homo
geneous in the lower part but laminated towards the top; 
a line of pebbles about the middle.

(Fitton's XV, Bed 47). White sandrock, partly cross- 
bedded and laminated with occasional thin clay seams.

(Fitton's XV, Bed 46). Dark grey and black silty clay 
with wood and plant debris; a layer of grey-green 
glauconitic sandy clay about the middle.

Ferruginous Bands of Blackgang Chine (Fitton's XIV, Bed 
45). Ferruginous sands, sandrock and concretions in 
several bands.

Sands of Walpen Undercliff (Fitton's XIII, Beds 41-44). 
Green, yellow and brown sands, in places coarse; with 
bands of dark green and black clay at the top, and 
white sandrock at the base.
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Composite Section a t Luccombe, Dunnose & Ventnor

Unit Thickness Lithological Description

Figure 2-8b
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Chalk Marl. Firm grey chalk alternating with thin 
bluish-grey marls and marly chalk.

Glauconitic Marl. Dark green highly glauconitic marly 
sand and sandstone to light grey sandy marl.

Chert Beds. Alternating layers of black or grey chert 
and soft grey glauconitic sandstone; at the top a thin 
laye.r of greenish-grey glauconitic sand with phosphat- 
ized concretions.

Malm Rock. Firm grey glauconitic sandstone weathering to 
buff, with irregular layers of large calcareous concre
tions and phosphatic nodules; a prominent 1 . 5 m  thick 
bed of massive fine-grained yellowish-grey sandstone 
("freestone''), its base 2.4 m below the top.

Passage Beds. Blue to blue-grey silty to sandy micaceous 
clays and clayey sands, partly calcareous and nodular 
and increasingly arenaceous upwards.

Gault. Indistinctly bedded hard micaceous silty clay, 
greenish near the top and dark blue or blue below; 
with scattered white-coated phosphatic concretions, 
pyritic nodules and acicular selenite. Becoming 
sandier in the lower one-third of the stratum.

2e
2d

2c

2b

' 2a

0m_
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6.4 m

3.0 m

17.7 m
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Carstone. Brown grit with many small pebbles, a thin 
pebbly band at the base, with thin clayey grit and 
gritty blue clay interbeds in the upper 2 m.

White and yellow sands, cross-bedded and interbedded 
with massive and flat-bedded units, and with laminae 
of blue-grey clay.

Thinly bedded white sands interbedded with thicker clay 
beds; a thin unit of pebbly muddy sand at the base; 
throwing out chalybeate water.

Fine and medium white and grey sands, cross-bedded near 
the top and the base but heavily bioturbated in the 
middle, flat-bedded unit.

Homogeneous glauconitic pebbly muddy sand and sandy mud; 
with a thin quartzite pebble bed at the base.

White and grey bioturbated sand and sandrock, becoming 
silty and clayey towards the base.

Homogeneous dark green glauconitic pebbly sandy mud, 
containing comminuted plant debris and pyritized 
wood fragments.1c

3.0 m
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Figure 2-9. Side scarp of 1978 Blackgang landslide,
exposing tn situ the contact (arrowed) between Gault and 
Passage Beds (Upper Greensand). Tape extending down scree 
from base of Passage Beds is 3 m in length.

Figure 2-10. Rear scarp of 1978 Blackgang landslide below 
Gore Cliff, exposing whole of Malm Rock unit (below Chert 
Beds) and contact (arrowed) between Malm Rock and Passage 
Beds. Line of springs, c. 3.5 m below this contact, is 
visible on left.





Figure 2-11. Geological coastal elevation of the Undercliff. Strata are 
shown in the plane of the rear scarp; owing to seaward plunge of syncline, different levels will obtain at the coast.
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3. QUATERNARY GEOLOGY AND GEOMORPHOLOGY

3.1 BRIEF QUATERNARY HISTORY OF THE ISLE OF WIGHT

It is the normal practice in studies of Quaternary 
geology and geomorphology to draw conclusions from a body of 
stratigraphic and biological evidence. This cannot readily 
be done for the Undercliff, as the scope of the present 
study, largely as a reconnaissance of surface features, has 
not been conducive to the location or evaluation of 
sub-surface deposits, although several significant finds have 
been made.

It is proposed to follow the account of the solid geology 
in the previous chapter with a short description of the 
geological history and geomorphological development in the 
later Quaternary, based on a review in the broader regional 
context. Having established thereby a general link in the 
time-scales, the subsequent discussion moves on to consider 
the geologically recent deposits of the Undercliff and their 
relation to landsliding, slope development and the age of the 
Undercliff.

3.1.1 Climate and chronology

The Quaternary is characterized by repeated climatic 
fluctuations (West 1977, Bowen 1978). Cold stages, often 
accompanied by glaciation, alternate with temperate stages, 
the interglacials, which show a climate much like that of the 
present day. The following types of evidence are used to 
provide an index of climatic changes (i) biological (e.g. 
pollen spectra and frequencies, foraminiferal assemblages, 
molluscs); (ii) geological (e.g. sediments which record the 
activity of climatically controlled processes); (iii) 
geomorphological (e.g. lacustrine and marine terraces, 
cirques, palaeosols); and (iv) geochemical (e.g. oxygen
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isotope ratios in marine biogenic carbonates and in ice). 
Research in these fields has been tied in to a Quaternary 
chronology based on radiometric dating, palaeomagnetism and 
marine oxygen isotope stages. The number of warm/cold cycles 
that have occurred during the Quaternary is not known 
exactly; depending on the time-scale and the status of the 
climate (i.e. glacial or stadial), Bowen (1978) states that 
"seventeen glacials represent the entire Quaternary" over 1.6 
million years, whereas Evans (1971) presents evidence of as 
many as 25 cycles in the past 1.0 million years.

The chronology and subdivision of the Quaternary have 
been reviewed exhaustively by, among others, West (1977) and 
Bowen (1978). It is well to review briefly the 
chronostratigraphic sequence in terms of nomenclature. The 
Cenozoic era consists of two Periods or Systems, the Tertiary 
and the Quaternary. The latter is defined by Bowen (1978) to 
occupy the last 1.6 million years of the geological 
time-scale and in turn is taken to be subdivided into two 
Epochs or Series, the Pleistocene and the Holocene. The 
status of the Holocene as a separate Epoch is still the 
subject of some contention. west (1977), for example, 
regards the term Quaternary as being outmoded and equivalent 
to a single Pleistocene Epoch which may be subdivided 
according to an established sequence of climatic Stages. 
These include the Flandrian (present period), Devensian (Last 
Glacial), Ipswichian (Last Interglacial) etc. The Flandrian 
Stage occupies approximately the last 10,000 years and is 
equivalent in age and duration to the Holocene Series. The 
term Holocene will be used below in relation to this recent 
period of geological time of most interest for the 
Undercliff; however, the term Flandrian will also be used in 
reference to the climatic stages, in order to suggest the 
contrasting glacial/interglacial climatic cycles that have 
occurred during the Quaternary Period.

During the cold stages of the Quaternary, the ice sheets 
of NW Europe spread into lower latitudes, but most of
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southern England lay outside the area of glaciation. 
Nevertheless, those areas marginal to the advancing and 
retreating ice sheets were affected by their presence. This 
periglacial zone was characterized by processes and climatic 
conditions which may occur at the present time in arctic, 
sub-arctic or montane non-glaciated regions. Bowen (1978) 
refers the term periglacial to environments where frost 
action is the dominant process, West (1977) describes 
periglacial effects as being (i) those dependent on the 
freezing and thawing of the soil (e.g. solifluction, 
structures in soil, landforms resulting from the melting of 
frozen ground, i.e. thermokarst); and (ii) those dependent on 
wind and fluviatile action in sorting sediments (e.g. outwash 
deposits, loess).

Any of these features preserved in the landscape of 
southern England is clearly a fossil relic of a former 
periglacial climate. Williams (1969) illustrates the 
distribution of ice-wedge polygons and stripes, and 
involutions; Hutchinson (1980) shows sites of actual and 
possible pingos; Jones (1981) illustrates, along with some of 
the above features, the distribution of cambering, valley 
bulging, loess and some chalkland dry valleys. He describes 
the widespread occurrence also of solifluction deposits, 
especially soliflucted Chalk (coombe rock) and other kinds of 
’’head" materials. It is clear from all these accounts that 
the southern Isle of Wight was probably outside the zone of 
most active periglacial action during the Last Glacial period 
at least. Williams (1969) considered it to lie outside his 
zone of "extensive permafrost". No periglacial deposits have 
been proven conclusively, and with the possible exception of 
some minor dry valleys (reported below) no landforms 
indicative of periglacial activity are known.

During the cold periods of the Quaternary eustatic sea 
levels were lowered in some parts of the world by as much as 
110 m (Bowen 1978) because of the withdrawal of water from 
the oceans into the expanding ice sheets. During the
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temperate stages, eustatic sea levels rose as the ice sheets 
melted, and in each a certain sea level height was reached. 
Changes in the relative land/sea level are recorded by raised 
beaches and other marine deposits above present sea level, 
and by erosion surfaces. Holyoak and Preece (1983), for
instance, report a possible Middle Pleistocene (?Cromerian) 
interglacial deposit at a level of +38 to +40 m O.D. at 
Bembridge, Isle of Wight. West (1977) gives further examples 
of raised beaches in southern England. The best known of 
these occur at about +35 m O.D. at Slindon, Sussex and is 
probably Middle Pleistocene (Hoxnian) in age; and a younger 
series at +5 to +8 m O.D., of Upper Pleistocene (Ipswichian) 
age, found at Selsey and Brighton on the Sussex coast. It is 
thought that there is an overall trend of eustatic fall 
during the Quaternary, a conclusion reached from the apparent 
fact that the older shorelines are higher. This could be 
accounted for by sea-floor spreading (i.e. an increase in the 
area of ocean basins containing an unchanged volume of 
water), marginal uplift of continents and possibly by 
build-up of Antarctic ice (West 1977).

The eustatic change of sea level best documented, and of 
most interest to the formation of the Undercliff, is that 
which has occurred during the Flandrian. No single curve, 
whether smoothly rising or irregular, can depict adequately 
the global trends. Some examples are illustrated by West
(1977) and Bowen (1978). Jones (1981) gives the data for 
southern England. Of a total rise of over 100 m in the last
14.000 years, the so-called Flandrian transgression (last
10.000 years) accounts for the final 45 m. By 8000 years 
B.P. a level of about -20 m had been reached (Jones 1981) and 
by 6000 years B.P. all but 8m of the rise had occurred (Bowen 
1978). Levels higher than those at present are not widely 
reported.

It should be noted, however, that Kellaway et al. (1975) 
have challenged conventional theories by suggesting that 
during certain earlier Quaternary cold periods a major ice
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sheet existed in the English Channel and that deposits which 
sure normally considered to be marine axe of fluvioglacial 
origin. They considered the erratics of the Sussex and 
Hampshire coastal areas to be the remains of a moraine and 
also suggested that the hypothetical English Channel glacier 
produced an ice-dammed lake in the Solent area. I M West
(1980) and Jones (1981) have reviewed the usual and 
apparently satisfactory explanations for the local deposits, 
remarking on the absence of adequate stratigraphic evidence 
for such a glacier.

For the reasons noted at the beginning of this chapter, 
the most important geomorphological development of the 
Undercliff is likely to have occurred during the most recent 
post-glacial period of the geological time-scale, the 
Holocene. Jones (1981) confirms that many of the coastal 
landslide features of southern England can be "quite 
adequately explained as the product of Holocene marine 
erosion under transgressive conditions, although it is quite 
possible that they were preceded by ancestral equivalents 
during the Ipswichian and even the Hoxnian". It will be 
useful, in considering the times of recent major slope 
instability and the age of deposits in the Undercliff, to 
have a more detailed subdivision of the Holocene time-scale 
against which to relate the events. This is given in figure
3-1, and includes the recognized biostratigraphic 
subdivisions and archaeological periods.

3.1.2 Palaeogeography and drainage

A "Solent River” has long been held to form the main 
component in the early drainage of the Hampshire Basin (e.g 
Fox 1862, Shore 1894, Hooley 1922, Wooldridge and Linton 
1955, Dyer 1975). Two hypothesized configurations are shown 
in figure 3-2. Hooley (1922) suggests that a proto-"Solent 
River" was established on the land surface elevated during 
the Miocene, and Wooldridge and Linton (1955) consider the
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ancestral pattern to have been well established on a coastal 
plain by the Pleistocene.

From studies of the distribution of plateau, valley and 
estuarine deposits, I M West (1980) describes the Pleistocene 
history of the "Solent River" in the context of fluctuating 
sea levels. During periods of glacial advance, sea level was 
very low and at times the English Channel was dry. During 
the interglacial ages the sea level rose, normally to above 
the present level, and flooded the lower parts of the river 
system to form broad estuaries in the Solent area. No 
particular age is assigned to the conjectured coastline in 
figure 3-2a, although it would seem, from the rather limited 
estuary development in the present Solent area, that a 
landscape related to a proto-*'Solent River", possibly as 
early as the Pliocene, could be implied. It is apparent, 
however, from the position of the coastline approximately 
parallel to and south of the present one, that a period of 
interglacial climate is intended. The other sketch map 
(figure 3-2b) indicates a possible late Pleistocene 
(Devensian) drainage configuration. Dyer (1975) and West 
(1980) have produced maps of the buried channel of the 
"Solent River" showing the sub-Pleistocene surface. The 
valley was cut to about -12 m O.D. in Christchurch Bay and to 
a depth of about -47 m O.D. southeast of the Isle of Wight. 
It swung around the eastern part of the Island (unlike the 
course shown in figure 3-2a) and is thought to have connected 
with a westward flowing extension of the River Seine 
(Dingwall 1975).

The history of the separation of the Isle of Wight from 
the mainland is poorly understood. South of the supposed 
course of the upper "Solent River", between the area of the 
present West Solent and the mouth of the Frome, there was 
formerly a ridge of steeply dipping Chalk connecting the 
Island and the Purbeck mainland. Hooley (1922) considers 
that this was breached at the end of the Neolithic Period 
(c. 3500 years B.P.). Evidence is presented by west (1980)
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for the contention that the separation had been achieved 
effectively by fluvial erosion during the Devensian when the 
sea retreated and left the English Channel dry once more. 
The presence of a buried channel under Poole Harbour at -11 m
O.D., which is at too great a depth to fit Dyer's (1975) 
longitudinal profile of the "Solent River", leads West to 
regard the ridge as having been already breached by a major 
valley during the Devensian, so that the extension of the 
Frome would have flowed southwards through a gap (figure
3-2b). Rising sea level during the early Flandrian resulted 
in the final separation being achieved by about 7430 B.P. 
according to West (1980). By similar inference, West refutes 
the suggestion (Reid 1905) that an isthmus across the Solent 
still linked the Isle of Wight and the mainland in 
Romano-British times, owing to the existence of the deep 
channel which had been excavated by the "Solent River" and 
which was by then flooded.

It is worth noting that the drainage basins of the Isle 
of Wight have their sources south of the great east-west 
trending anticlinal crest, showing the flow of the rivers to 
be clearly discordant. Osborne White (1921) gives a 
comprehensive account of the likely manner by which early 
consequent streams on the northern dip-slope of the monocline 
cut back into the crest of the fold and eventually captured 
the drainage of the central valley. This view is disputed by 
Wooldridge and Linton (1955), who consider instead the 
drainage to have been superimposed from a surface planed 
across the structures by a proposed Pliocene transgression. 
More recent studies (e.g. Jones 1981) of the Wessex river 
systems now favour antecedence as an explanation for 
discordant drainage. H N Hutchinson (1982) develops this for 
the Isle of Wight in particular, and demonstrates that stages 
of inheritance and reversal have also occurred. He further 
suggests that drainage along the present trends was developed 
before the Miocene, and possibly as early as sub-Palaeogene.
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Of particular interest in the consideration of the 
southern Isle of Wight is the implied presence during the 
Pleistocene (figure 3-2) of high land lying further south of 
the present coastline, as may be inferred from the southward 
extended courses of the principal rivers, the Medina and the 
Eastern and Western Yar. These may thus be regarded as 
having formerly had drainage basins of somewhat greater area 
near their sources than at the present time. It is clear 
from Osborne White * s (1921) description of the present 
drainage system, that much of the drainage basin of the 
Western Yar has been lost in relatively recent (historical) 
times, by the extremely rapid cliff recession of the SW 
coast. It is rather less certain how much the basins of the 
Medina and Eastern Yar have been diminished through loss of 
southern high land to the sea. It may be inferred from 
figure 3-2b that the area of drainage from the Southern Downs 
in the Devensian was probably little different from that 
today. This is likely to be related to the relative hardness 
and non-erodibility over short time-scales of the Chalk and 
Upper Greensand of the outlier in comparison with the Lower 
Greensand in the central valley. The present highest 
elevations in the Southern Downs, marking the watershed of 
today's "Solent River" system, are the summits of St 
Catherine's Hill and Week and St Boniface Downs. These all 
lie less than 1 km north of the Undercliff.

The drainage and water resources of the Undercliff are 
discussed in the next chapter.



3.2 SUPERFICIAL DEPOSITS

3*2.1 Deposits In the Undercliff

As might be expected, the materials forming superficial 
deposits in the Undercliff do not in general comprise any of 
those which are normally associated with Pleistocene 
periglacial, fluvial, aeolian or marine processes. Such 
deposits as Angular Flint Gravel of the Downs, Plateau 
Gravel, Valley Gravel, Brickearth and Head have been reported 
elsewhere in the Island by Osborne White (1921). It is the 
Recent Deposits, mainly the classes of Landslip, Slopewash 
and Tufa, of which the Undercliff is primarily composed. 
While it is not inconceivable that Angular Flint Gravel, for 
example, could be found in the Undercliff, its deposition 
here is most likely to have been brought about by 
landsliding, and it would therefore be grouped among Landslip 
deposits.

Landslip

These deposits are taken to comprise the disturbed, 
corominuted, broken and mixed debris of mass movement 
processes (mainly landsliding). The materials therefore 
include Gault, Upper Greensand and Lower Chalk as major 
constituents along the whole stretch of the Undercliff, and 
Carstone, Sandrock and minor amounts of Ferruginous Sands 
from outcrops in the coastal cliffs at the eastern and 
western extremities. Two categories of landslip deposits axe 
distinguished: (i) large, virtually intack blocks of readily 
identifiable strata which have been displaced from their 
original situation by varying amounts of settlement, seaward 
displacement and backward or forward tilting as a result of 
mainly rotational and translational landsliding; and (ii) 
considerably fragmented and homogenized debris, less easily 
identifiable from rockfalls, debris flows and similar 
relatively rapid mass movements which may result in the 
displacement of the materials further from their original
sources.
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Tufa

The calcareous nature of the upper Selbomian and Chalk 
strata, in combination with numerous springs in the 
Undercliff, has promoted the formation of tufaceous deposits 
in suitable places. Isolated deposits of ancient tufa and 
tufaceous marl have been discovered, intercalated with mixed 
landslip debris in coastal cliffs at several sites. Tufas 
have been observed forming presently in many streams of the 
Undercliff. Norman (1887) reports an extensive deposit of 
hardened tufa, cementing twigs (now preserved only as casts), 
shingle and rounded pebbles, in the vicinity of Ventnor Bay 
where a major stream, originally utilized to power a mill, 
cascades over the coastal cliff onto the beach. The deposit 
spreads from the Esplanade Hotel to beneath the Ventnor Pier 
and forms several prominent rocks and reefs nearby (e.g. Lion 
Rock and Bean Rock at SZ 56347726 and 56437723 respectively). 
These are worn in some places to a mammilated surface form. 
The conglomerate, also termed "pudding stone", is 
sufficiently hard to have resisted attempts at its removal by 
gunpowder during the construction of a harbour in c. 1865 
(Norman 1887). Preece (1978, 1979) has studied tufas in the 
Isle of Wight and elsewhere, and reports their usefulness in 
preserving terrestrial and swamp mollusca, pollen, plant 
macrofossils and vertebrate remains which can often yield 
material for radiocarbon dating and determination of 
correlatable biostratigraphic assemblages.

Slopewash

A well exposed colluvial deposit of chalk detritus has 
long been known to cap the Upper Greensand and Lower Chalk on 
the brow of Gore Cliff, near Blackgang. Formed at the foot 
of the downs, the so-called slopewash attains a maximum 
visible thickness of 3.2 m, consists of firm to friable light 
olive-grey to grey silt, and has been thoroughly investigated 
recently by Preece (1980). Related marly accumulations, 
often infilling fissures, have been reported (Martin 1849, 
Norman 1887, Osborne White 1921) in the vicinity of 
Steephill, Ventnor and Bonchurch. Some of these deposits
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contain or are overlain by vertebrate fossils, assemblages of 
terrestrial mollusca and kitchen-middens of archaeological 
importance. While scone could be said to belong to the class 
of superficial deposits deriving from landsliding, the slower 
accumulation rates suggested by the incorporated 
archaeological and fossil components cause them to be 
classified broadly in a "slopewash" category.

Organic deposits

Incorporated with the landslip, tufa and slopewash 
deposits are certain important organic remains, mainly tree 
trunks and peaty silts. Their importance lies in their 
potential usefulness as specimens for radiocarbon assay, from 
which an absolute chronology of the associated depositional 
episodes may be established.

The locations of some of these deposits axe described by 
Norman (1887, p. 169):

"The remains of buried trees can be seen along the base 
of the low cliffs on the shore between Watershute and 
Rocken End, and a bed of silt, containing twigs and 
leaves of trees, was cut through in digging the 
foundations for St Catherine's Lighthouse".

The depth below ground level of the foundation is reported at
8.2 m (Martin 1849). Conybeare and Dawson (1840) report the
discovery of a bed of wood, leaves, moss, acorns and hazel
nuts in drainage excavations at St Catherine's Point. The
deposit lay 4.9 m below the surface and was partly reduced to
peat. The exact site is, unfortunately, not specified.
Norman's account continues:

"At Binnel, near Old Park, trunks of trees have been 
sometimes exposed by the action of the sea, but are 
mostly hidden by the shingle and debris which are heaped 
at the base of the cliff. In digging the foundations of 
the houses between Steephill and Ventnor, trunks of 
trees, embedded in a muddy silt intermixed with smooth, 
surface-worn boulders were found, together with vegetable 
remains, and bones and teeth of the animals. The same 
stratum was traced beneath the houses in Ventnor during 
the process of well-boring and excavations for cellars. 
In some places the vegetable remains are from two to 
three feet in thickness".
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Noonan (1887) further records the discovery of large 
animal bones and trunks and branches of trees in a 
well-boring 3.7 to 4.3 m below the surface of the lower part 
of High Street, Ventnor. The trees were said to comprise 
birch (Betula), willow (Saltx), hazel (Corylus), alder 
(Alnus) and ash (Fraxtnus). A similar organic deposit, 
including hazel nuts and brambles which were overlying a 
peaty mass, was found in another well-boring at a depth of 
about 3.0 m (Martin 1849) on the estate of a villa known as 
"Arantrum". Norman attributes this deposit to catastrophic 
flooding, it has not been possible, however much desirable, 
to investigate further most of these interesting organic 
deposits during the present study, owing to the very limited 
sub-surface component of the project.

A survey of the coastal cliffs did, however, verify the 
organic deposits mentioned by Norman (1887) at Binnel, 
although no tree trunks were seen. At St Catherine's Point, 
just west of the lighthouse, tree trunks, organic silts and 
tufa were discovered; nothing was found at the Rocken End 
site. The stratification at the Binnel and St Catherine's 
Point sites was carefully logged and organic specimens for 
radiocarbon dating were collected. The coastal cliff 
exposures are illustrated in figures 3-3, 3-4 and 3-5. It is 
likely that the organic deposits at St Catherine's Point were 
emplaced between major landsliding events, during a period of 
sufficient duration for tufa to form. At Binnel Point (Site
3) the presence of two palaeosols containing vertebrate 
remains, plentiful mollusca and charcoal suggests that the 
deposits built up slowly in the manner of a slopewash, 
although the under- and overlying sequences of large boulders 
and chalk debris are probably derived from landsliding 
episodes. Adjacent to this site at Binnel Point a partly 
obscured organic deposit, considerably sheared and truncated 
by a small mudslide, was also discovered. The outcrop (Site
2) was not well exposed and it is therefore unlikely that the 
full thickness of the comprising units could be logged 
accurately; a sketch of the outcrop is presented in figure
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3-6. Owing to the superficial similarity of having two 
palaeosols, it is taken to be contemporaneous with the main 
Binnel Point site, from which it is about 120 m distant.

3.2.2 Chronological interpretations 

Radtocarbon dates

Three samples were submitted for assay: two through the
N.E.R.C. to the Scottish Universities Research and Reactor 
Centre (SRR), and one through Drs R C Preece and R Burleigh 
to the British Museum Radiocarbon Laboratory (BM). The 
following dates were obtained:

SRR—1813 Wood (Taxus) 4490 ± 40 B.P.
St Catherine’s Point Site 1 (+3.8 m O.D.) (613C=-21.2°/®)

SRR—1947 Wood fragments (unidentified) 3960 t 50 B.P.
St Catherine’s Point Site 1A (+3.3 m O.D.) (6i3C=-26.0°/®)

BM—1737 Charcoal (Rlnus and Vlmus) 4480 ± 100 B.P.
Binnel Site 3 (+5.3 m O.D.) (6A3C=-27.2°/®)

Of the two dates from St Catherine's Point (refer figures
3-3 and 3-4), SRR—1947 is less satisfactory, being 
anomalously young. Sites 1 and 1A are separated by 7 m, and 
the organic deposits are taken to be approximately 
contemporaneous; the stratigraphic location of the specimens, 
respectively above and below the tufaceous layer, confirmed 
by the O.D. levels, would suggest that the wood at Site 1A 
was older. Such an interpretation is consistent with its 
relatively poorer state of preservation. This may account 
for the incompatibility in the dates, since it is possible 
that the deposit could thereby have been rendered more 
susceptible to contamination by rootlet penetration, for 
example. The uncontaminated wood sample from a well 
preserved tree trunk at Site l, was identified as yew (Taxus) 
by Professor J F Levy. The charcoal from Site 3 was accepted
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toy Dr R Burleigh as toeing relevant to his continuing 
investigations into the use of land mollusc a as sauries for 
radiocarbon dating: the Binnel deposit contained abundant 
Pomatias elegans, one of the key species, to provide for 
correlation. The remarkable consistency between SRR-1813 and 
BM-1737 suggests that very shortly after that time major 
episodes of landsliding took place along at least half the 
length of the Undercliff, which resulted in the deposition of
6.5 - 9.0 m of landslip debris over the organic deposits.

Preece (1980) reports a radiocarbon date (BM-1482) made 
on a species of fossil land snail (Cernuella virgata) in the 
Gore Cliff slopewash deposit. The date obtained is 
anomalous, owing to the incorporation of dead carbon in the 
shells. Insufficient charcoal was available to provide a 
control. A comparison was made with modern C. virgata which, 
when allowance had been made for enhancement toy artificial 
A4C from nuclear weapons tests, suggested a possible date for 
the Gore Cliff slopewash of c. 1500 B.P. Archaeological 
evidence, reported below, confirmed this.

Biostratigraphic correlation

Application of the recent Mollusc Zonal scheme (see 
figure 3-1) proposed toy Kerney (1977) and Kemey et al. 
(1980) for late Devensian and Flandrian deposits in Kent, 
suggests that the dated organic deposits of the Undercliff, 
which contain the shade demanding mollusc species Pomatias 
elegans and Discus rotundatus in abundance, belong to zone e. 
This zone in Kent is distinguished toy having an assemblage of 
open ground fauna, compared to the prior woodland fauna of 
zone d, and it is considered by the above author that the 
base of zone e in Kent represents a Neolithic clearance 
level. The relationship between such anthropogenic changes 
and episodes of great landsliding in the Isle of Wight is 
impossible to determine without considerably more 
archaeological and faunal evidence.
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Archaeological evidence

A number of middens containing Iron Age and 
Romano-British pottery and faunal remains have been 
identified along the Undercliff (Basford 1980). One at 
Binnel also produced a small amount of Late Bronze Age 
pottery. The Undercliff middens are currently under review 
by Basford (in prep.). In addition to the middens a number 
of other sites and finds have been discovered. These include 
a Bronze Age merchants' hoard of axes, Iron Age and 
Romano-British burials, two Iron Age currency bars and a 
Roman coin hoard (Basford 1980). The chief sites are located 
at St Catherine's Point, Binnel and Old Park (St Lawrence) 
and around Steephill (Undercliff Gardens and Gill's Cliff). 
At this latter site an Iron Age hut produced a considerable 
quantity of pottery. It is reported (Poole and Dunning 1937) 
that many middens were discovered after being exposed by 
landslides or minor coastal cliff erosion.

Archaeological evidence of landsliding in antiquity is 
not uncommon. Martin (1849) records discovering several 
skeletons at about 3 m below the surface in Belgrave Road, 
Ventnor. The bones were scattered and crushed, one body 
being bent, and they lay beneath "immense fragments of rock 
thrown confusedly together". Their age is unknown. Quarry 
excavations in the Ventnor area led to similar finds. A 
female skeleton, believed to be Romano-British (c. 300 A.D. ) 
was found in 1843-44, about 2.1m below the surface, in such 
a position as to suggest burial under a fall of earth. In 
the vicinity of Bonchurch the skeleton of a man was found 
underneath a large rock. Norman (1887) reports that it was 
in a sitting posture, with skull, spinal column and both legs 
fractured. The remains of a cow and calf were discovered, 
much crushed and broken, just 18 m away, and Norman concludes 
all were killed by rockfalls, although no indication is given 
of when this might have been. In about 1910 a quantity of 
undated bones, with parts of three skulls, was found buried 
beneath more than 6 m of old landslide debris by workmen in 
an old quarry to the east of Ventnor railway station
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(Whitehead 1911). Iron Age skeletons were found in 1923 at 
Steephill, under conditions which suggested that a family had 
been overwhelmed by a landslide (Dunning 1951).

The combined evidence above suggests that landslides, and 
rockfalls in particular, must have occurred periodically 
during prehistoric times, at least in the Ventnor area. The 
siting of the finds may be a consequence of 19th and 20th 
century urban development (i.e. greater excavation and 
quarrying). It is notable that rockfalls presenting a hazard 
to life are virtually unknown in the Ventnor area today. The 
general lack of dateable finds does not permit conclusions to 
be drawn as to the magnitude, extent or historical continuity 
of the landsliding.

It has been suggested by Dunning (1951) that the 
archaeological evidence, particularly that provided by the 
middens, gives an indirect clue as to the age of the 
formation of the CJndercliff. His premise is that 
archaeological evidence of long periods of continuous 
occupation by early man demonstrates the non-occurrence of 
major disturbances, and that such hypothetical episodes of 
landsliding may be taken to account for the absence of finds 
from certain other archaeological periods. Numerous middens 
of the Iron Age thus support the view that the major 
movements forming the CJndercliff had already occurred, and 
the Late Bronze Age pottery at Binnel puts the date back to 
c. 3000 B.P. Dunning goes on to suggest that the Undercliff 
was in active formation before the Neolithic (c. 4000 B.P.), 
and that the process continued until about 3000 B.P., "thus 
explaining the absence of finds of the Early and Middle 
Bronze Age from the Undercliff". This speculation does not, 
without depositional evidence, prove that landsliding was 
active during the later periods mentioned. It could be 
further argued that the evidence from the many unnatural 
burials is inconsistent with the assumption of occupation 
only during periods of relative stability.
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The archaeology of the Gore Cliff slopewash deposit has 
been examined by Preece (1980) in pursuit of its more certain 
dating. Several small fragments of pottery, flint-flakes and 
a trapeze-shaped brooch collected in 1932, and identified as 
Romano-British, had previously been recovered from the basal 
levels. Dunning (1951) ascribed the sherds and flint-flakes 
to the Neolithic, but Preece argues from evidence of the 
Undercliff middens that both these, and the brooch, support 
an accumulation during the 2nd century A.D. His 
biostratigraphic investigations lead him to conclude that the 
whole deposit is anthropogenic and that deposition was 
triggered by ploughing.

If the above dating is accepted, then there follow 
important Implications concerning the landsliding here. 
Since the deposit was derived from a slope that must have 
existed to the south or southwest of Gore Cliff (Reid and 
Strahan 1889), and since accumulation was active during the 
2nd century A.D., then a substantial part of Gore Cliff must 
have slipped since this date. How extensive this 
hypothesized slope must have been to produce a deposit over 
3 m thick is unknown. Prom historical accounts of landslides 
of Gore Cliff it is clear that very little change in form has 
taken place during the last two centuries.

The two manors of "Neeton and Alba" (=Niton) are recorded 
in Domesday Book (Warner 1789) to comprise an assessed area 
in 1086 that is some 210 acres less than that recorded in the 
former assessment at the time of King Edward the Confessor. 
This gives no help in the problem of landsliding, however, 
since all southern Isle of Wight manors, including "Boncerce" 
(Bonchurch), "Lovecombe" (Luccombe), "Sencliz" (Shanklin), 
"Ulwartone" (Woolverton) and "Warochessel" (Wroxall), were 
downgraded in their areal assessments. No landslip deposits 
of post-Romano-British age are known in the immediate 
vicinity, nor could any be expected to have survived in the 
environment of strong marine erosion along this SW-facing 
coast. The nearby deposits at St Catherine's Point are
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clearly of Neolithic age and unrelated to the Gore Cliff 
slopewash. The implication remains that substantial 
landslips have taken place at Gore Cliff 
Romano-British and the Mediaeval periods.

between the
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3.3 FORMATION OF THE UNDERCLIFF

3.3.1 Age of the landslides

It is clear that the Undercliff as we see it today is 
entirely the product of Holocene landsliding and related 
processes. Considerable difficulty attaches to the relating 
of the scattered and scanty, direct and indirect evidences of 
landsliding activity to specific dated events. It is almost 
a truism to state that coastal landslides consist on balance 
of an erosional rather than depositional environment. The 
Undercliff is unlikely to have preserved evidence of anything 
other than its most recent period of activity. As this is 
normally a depositional record, the opportunity of good, 
long-term preservation in an environment of cliff degradation 
and marine erosion is diminished.

Nevertheless, the indications of antiquity in the 
deposits described above demand that a preliminary 
correlation at least should be attempted. A compilation of 
the dated sources is presented in figure 3-7. Some probable 
climatic fluctuations are also given for comparison. These 
are derived from the information presented by Hutchinson and 
Gostelow (1976, fig. 29), who were able to relate stages of 
slope degradation at Hadleigh, Essex, to periods of wetter 
and colder climate. The estimated durations of the Hadleigh 
degradation stages are also presented in figure 3-7, together 
with 3 periods of "frequent landslides" in Europe (Starkel 
1966). A close correlation between these two lines of 
evidence is apparent. The approximate period of the 
initiation of the present Folkestone Warren landslides 
(Hutchinson 1969) is also shown; however, this does not 
correlate with the inferred climatic stimuli, as Hutchinson 
relied on indirect evidence of sea level rise and imprecisely 
dated faunal assemblages in palaeosols. His conclusion that 
coastal landslides are unlikely to have been "initiated 
before the virtual completion of the Flandrian transgression" 
is particularly relevant to the consideration of the
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Undercliff, although the implication that climatic 
fluctuations during the Flandrian have played a large part in 
the stimulation of at least some landsliding is also 
important.

The directly dated organic and indirectly dated 
archaeological evidence from the Undercliff (figure 3-7) is 
suggestive of periods of habitation and of quiescence that is 
sufficiently long to allow the formation of palaeosols. The 
Binnel and St Catherine's dated deposits, together with their 
"Neolithic clearance" fauna, support this conclusion. Their 
intercalation between landslip deposits suggests prior and 
subsequent landslide activity. An absence of Early and 
Middle Bronze Age finds may be indicative of
(i) non-deposition owing to landsliding activity;
(ii) non-deposition owing to non-habitation, irrespective of 
landsliding; or (iii) destruction of deposits by later 
landsliding. The presence of Late Bronze Age, Iron Age and 
Romano-British finds likewise cannot be adduced as direct 
evidence of freedom from landsliding, for the latter at least 
show clear signs of burial by landslip deposits. The 
difficulty of dating many finds, especially of the Iron Age 
(c. 3000 - 1000 years B.P.), reduces their usefulness in 
relation to the absolute chronology of precedent or 
antecedent landslide events.

On the question of the effect of Flandrian sea level 
changes on landsliding, there is considerable uncertainty as 
to both the efficacy of the marine processes on their own and 
to the actual level below present sea level at which such 
processes could be assumed to have had an impact. 
Hutchinson (1969) refers to a slow rise from about -7 m 
during the past 6000 years. This period has apparently been 
punctuated by intervals of alternating quiescence (palaeosols 
and habitation) and activity, but sea level has, if anything, 
continued to rise up to the present without perceptible 
increased stimulation of multiple rotational landsliding. 
Hutchinson (Reconn, in prep.) considers from analogy with
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Folkestone Warren that any landsliding during the last three 
or four millennia consisted largely of intermittent renewals 
of movement in the old slip masses. It is thus suggested 
that the recent rise of sea level and the role of marine 
erosion in particular may be rather less significant than was 
envisaged formerly by Hutchinson (1965b), who proposed that, 
with the maintenance of present sea level, "continued marine 
erosion . .. will effect a general worsening of stability 
throughout the Undercliff".

There is no depositional evidence relating to the 
ultimate initiation of the sliding, whereby a rising sea 
level, approaching, say, the -20 m level at about 8000 years 
B.P. or the -7 m level at about 6000 years B.P., might be 
thought to have in some way "exhumed" and reactivated former 
ancient slides. Whether these old landslides survived from 
the previous Ipswichian interglacial stage or were the 
product of non-marine, periglacial landsliding during the 
Devensian is unknown. No doubt the greater extremes of 
temperature, freezing and thawing, and possibly greater 
precipitation, of the periglacial environment will have 
contributed to the greater activity of many mass movement 
processes, although whether these were multiple rotational in 
character is also unknown. Some chalky deposits near Ventnor 
have recently been likened to solifluction (Squire et al. in 
press), although such an origin cannot be confirmed without 
absolute dating or the identification of cold—climate 
biostratigrpahic assemblages. The best evidence suggesting 
the action of periglacial processes, of which the writer is 
aware, is neither strictly in the Undercliff, nor 
depositional in character. The south-facing slopes developed 
in the Chalk of the outlier, above and inland from the 
Undercliff, axe thought to have the form of dry valleys 
which, along with coombes, axe attributed by West (1977), for 
example, largely to periglacial action. Two of the valleys 
axe quite large; one is south of Week Down and east of Rew 
Down, the other lies between Littleton and St Boniface Downs. 
The seaward face of St Boniface Down is also marked by
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regularly spaced (c. 185 m) shallow rill-like valley forms 
(figure 6-24), although these could be joint-controlled. 
Most periglacial deposits of a proto-Undercliff will, 
however, have been removed or altered either by more recent 
landslide activity or by marine and submarine processes.

The following conclusions are drawn as to the age of the 
Undercliff. There was probably some periglacial activity in 
the Devensian when the proto-Undercliff was in a non-marine 
setting. The rise of sea-level into the Flandrian may have 
stimulated some marine erosion of periglacial deposits but 
cannot be linked directly to the stimulation of the multiple 
rotational landslides which comprise the present Undercliff. 
The evidence for climatic control of certain landsliding 
episodes elsewhere is considerable. It is not unreasonable 
to suppose that climate, as well as marine erosion, has 
contributed to the initiation of landsliding in the 
Undercliff. The first coastal landsliding during the 
Flandrian is therefore inferred to have taken place after 
about 7000 years B.P. and to have possibly remained active 
for one or two millennia during Atlantic times. A period of 
relative quiescence then followed during which scone soils 
formed and prehistoric habitation was established. This 
probably included the later part of the "Climatic optimum” 
(c. 4500 years B.P.), and was followed by more landsliding 
activity. Some inhabitants were killed, and at least one of 
these was Romano-British. The period of wetter and colder 
climate during Subatlantic times, c. 2500 - 2000 years B.P., 
is implicated. Because of the great thickness of landslip 
deposits overlying the older palaeosols, landsliding of 
considerable significance is likely to have occurred. This 
may have been effected in part by continual marine erosion 
since the return of sea level to near-present levels. The 
extra stimulus of a climatic deterioration is, however, 
likely to have been instrumental. For this reason, the last 
major multiple rotational landsliding in the Undercliff is 
suggested to have taken place after 2500 years B.P. and to 
have lasted possibly until about 1500 years B.P. Documentary
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records of the Undercliff, from about 1100 A.D., do not 
support widespread new activity; the "Little Ice Age" 
(c. 1550 - 1750 A.D.) may have culminated in the local 
renewals of movement of the late 18th and early 19th 
centuries.

3.2.3 The inception of an Undercliff coast

It is worthwhile speculating briefly on the earliest 
development of landsliding on the former fringe of a Southern 
Downs outlier that has, presumably, been somewhat reduced in 
area by many episodes of retrogression. By implication, any 
proto-Undercliff, if one existed, would probably have formed 
a great scarp, and at times a length of coastal cliffs, 
situated further to the south.

In order to estimate the position and age of such a 
feature, two varibles must be satisfied. These are the rate 
of cliff recession and the geological or geographical 
constraints on where landslides forming an Undercliff could 
have occurred.

In general terms it is not unreasonable to assume an 
average annual rate of coastal cliff recession. This 
assumption is probably valid in cases where current rates can 
be measured in cliffs receding under the action of relatively 
simple processes. For example, if recession of the Lower 
Greensand cliffs of the SW coast of the Isle of Wight 
(Hutchinson et al. 1981b, Bromhead et al. in prep.) is 
assumed to have been occurring under the influence of the 
same general processes and constraints for at least the 
latter half of the Holocene, then it is sufficient to account 
for the removal of several kilometres of land. Such 
estimates are not quite so readily applicable to the 
Undercliff, where Lower Greensand has rather limited exposure 
and where the relationships between Lower Greensand recession 
processes and rotational landsliding in the Selbornian and
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Chalk is complex ana poorly understood. In this case it is 
probably more appropriate to take a much lower average rate 
of coastal cliff recession that reflects the relatively 
greater hardness and complex retrogression processes of the 
rocks involved. Jones (1981) cites estimated recession data 
of 0.28 m per annum for the Gault at Folkestone, and values 
between 0.09 and 0.91 m per annum for Chalk cliffs in Kent 
and Sussex.

It must be borne in mind that these data refer to the 
marine trimming of cliff-lines, and that this is, by 
definition, confined to periods when sea-level is 
sufficiently high for marine erosion to be effective. Jones
(1981) implies that this could not have been the case prior 
to about 8000 years B.P. when the (rising) sea level was 
about 20 m lower. If the form of high receding cliffs is 
maintained throughout several interglacial periods of marine 
activity, and the retrogression is assumed to be stimulated 
by marine rather than periglacial processes, then a long-term 
average rate of cliff recession will probably be considerably 
smaller than the above values to take account of the long 
(glacial) periods when actual recession may have been much 
less. The magnitude of such an average recession rate is 
unknown for the southern coast of the Southern Downs 
outlier.

The former unknown position of any proto-Undercliff coast 
can be estimated in relation to the geological constraint 
provided by the outcrop of the Gault. Since landsliding of 
the kind which is thought to have formed the Undercliff is 
controlled primarily by the Gault, it follows that one means 
of defining a former southern limit is to estimate by 
extrapolation the former extent of Gault outcrop that might 
have once supported such lands liding. The trends of the 
Gault and the other strata may be determined from the new 
interpretations given in the previous chapter to the 
structure and stratigraphy of the Southern Downs.
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It may be inferred from maps of submarine geology (I.G.S. 
1977/ figure 2-1), which show Chalk outcropping south of the 
Isle of Wight, that the Selbomian rocks exposed in the 
Undercliff dip more steeply to the south than the slope of 
the sea floor, and therefore eventually decline beneath the 
Chalk offshore. The average value of dip at about the axis 
of the Ventnor Syncline is of the order of 1.5° to the SSE. 
Ten measurements of the sea floor slope (figure 5-1) show an 
average inclination of 1.2°. Prom the simplified geometry/ 
illustrated in figure 3-8, a southward projected limit for 
the Gault outcrop could be expected to lie not more than 
3.25 km offshore. This is based on an initial assumption of 
the base of the Gault at sea level; however, the coastwise 
synclinal form of the Undercliff would demand that initial 
configurations with the base of the Gault above sea level 
would be satisfied by distances offshore that were 
correspondingly greater.

The view that the earliest proto-Undercliff will only 
have been formed where the Gault is first exposed 
sufficiently for landsliding to occur is supported by the 
geomorphology of the cliffs at Folkestone Warren. With the 
coastwise decline of the Gault stratum below present sea 
level to the east, the analogous multiple rotational 
landslides give way to steep Chalk cliffs (Hutchinson 1969, 
Hutchinson et al. 1980). It is clear that the passing of the 
Gault outcrop beneath the Chalk precludes the development of 
multiple rotational landslides. it is therefore likely that 
landsliding in a proto-Undercliff cannot have taken place 
further than c. 4 km south of the present Isle of Wight 
coast.

It is interesting to note that this suggested limit 
corresponds closely with the distance offshore (2.7 - 3.3 km) 
of the submarine feature known as St Catherine’s Deep. As 
indicated on figure 5-1, this is a 20 km long trench lying 
parallel to the southern coast of the Isle of Wight, it has 
an average sea floor depth of more than -60 m 0.D ., is about
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35 - 50 ro deeper than the surrounding sea floor and exhibits 
a remarkable asymmetry, steeper on its southern side, which 
is illustrated clearly in sections presented by Kellaway et 
al. (1975, fig. 2) and in figure 3-8. The position and depth 
of this feature cannot be adequately accounted for by the 
modem theories of Devensian fluvial erosion of the 
(subaerial) English Channel floor (Jones 1981, Professor A J 
Smith pers. comm.), nor by the largely discredited glacial 
scour theories of Kellaway et al. (1975). It is therefore 
tempting to speculate that it could represent a kind of 
eroded vale in the Gault, or could have been formed by the 
subaerial and/or submarine landsliding of the slope. A 
narrow vale developed in the Gault is recognized on the 
southern side of the Central Downs, where the strata are 
steeply dipping and the outcrops are narrow. It is 
suggested, however, that the geomorphology of the trench is 
closer in form to that of the present northern slopes of the 
Southern Downs. In particular, the steep southern wall of 
the trench could be accounted for as an Upper Greensand 
cliff. This possibility is strengthened by the fact that the 
elevation of the sea floor to the south of the trench is of 
the order of -20 to -30 m (figure 5-1), thus allowing of a 
probable thickness of Upper Greensand. The very gentle 
sea-floor slope to the south of the Deep and the mapping of 
the Chalk outcrop close by are also geomorphologically 
consistent. More rigorous investigations, particularly of 
the submarine geology, will no doubt prove or disprove this 
contention.

Having defined a possible southern limit to the outlier, 
it is worthwhile speculating finally on the time-scales 
required for the 3 km of land to have been lost. By taking a 
conservative estimate of the rate of retrogression, say 0.1 m 
per annum, it may be calculated that the Undercliff could 
have been formed entirely during the past 30,000 years; that 
is, since the Middle and Late Devensian. A rate of recession 
even 10 times slower places the origin of an Undercliff slope 
form in earlier stages of the Middle Pleistocene. In view of
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the likelihood of very slow average recession rates 
(discussed above), and the probable relative infrequency of 
major movements in the Flandrian, the latter possibility is 
considered more likely.
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Figure 3-2a. Sketch map of the basin of the ancient "Solent 
River", proposed by C. Reid in 1902 (after Chatwin 1960).

Figure 3-2b. Reconstruction of the "Solent River" and 
its tributaries (after Dyer 1980). Line A shows the 
approximate position of the stream which breached the Chalk ridge.



Site  1 S t  Catherine 's Point Logged 14/01/80 Revisited 14/04/81 SZ 49527533

metres below top

14St Catherine's Point C sampling Site 1. See next page 
for stratigraphic description.Figure 3-3
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SITE 1 ST CATHERINE’S POINT

Stratigraphic description

A Dense, yellowish grey (Munsell 5Y 7/2), well graded, 
weakly weathered bouldery GRAVEL; subangular to 
subrounded gravel; subangular boulders; Upper Greensand 
and Lower Chalk (Chalk Maxi) landslip debris.

B Firm, yellowish brown (10YR 5/2), low plasticity clayey 
SILT, containing abundant fossil woodland mollusc fauna 
(e.g. Pomatias elegans, Discus rotundatus) and traces of 
plant material; brecciated gradational base.

C Loose, yellowish brown (10YR 6/4-6/e), homogeneous TUFA, 
containing occasional plant stem impressions and rare 
fossils; outer face weathered and coated with greenish 
algae.

D Soft to firm, light olive grey (5Y 5/2), gap-graded, non 
plastic silty SAND with occasional cobbles and boulders, 
and large logs, stumps and woody material near the base; 
subangular Upper Greensand cobbles and boulders; logs 
protrude from face on bearings 170° to 194°.

D1 Firm, dark brown (5YR 2/4), very thinly bedded sandy 
SILT, containing abundant plant material.

D2 Firm to dense, dusky yellowish brown (10YR 2/2), thinly 
bedded sandy SILT, containing organic material and 
occasional subangular Upper Greensand medium gravel.

E Dense, olive grey (5Y 5/1) to yellowish grey (5Y 8/1), 
weathered COBBLE GRAVEL with fractions of clayey silt 
putty chalk, weakly weathered boulders, and occasional 
penetrating roots; subrounded Lower Chalk gravel; 
subangular Upper Greensand boulders; landslip debris.
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for stratigraphic description.Figure 3-4
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SITE 1A ST CATHERINE'S POINT (Located 7.0 m SE of Site 1)

Stratigraphic description

W Dense, yellowish grey (Munsell 5Y 6/2) silty SAND with 
weathered, subrounded medium gravel; Chalk and Upper 
Greensand gravel; landslip debris.

X Firm to stiff, dusky yellowish brown (10YR 2/2) clayey 
SILT with gravel near the base grading upwards into 
organic material containing fossil woodland mollusc fauna 
(e.g. Pomattas elegans, Discus rotundatus); fine and 
medium Chalk gravel.

XI Firm to stiff, dusky yellowish brown 10YR 2/2) clayey 
SILT and SAND with weathered, subrounded Upper Greensand 
and Chalk gravel.

Y Soft to loose, greyish brown (5YR 3/2) to greyish orange 
(10YR 7/4), non plastic tufaceous SILT.

Z Dense, yellowish grey (5Y 7/2), weathered COBBLE GRAVEL 
with large boulders; subrounded and rounded Chalk 
cobbles; subangular Upper Greensand boulders; landslip 
debris.



Site 3  Binnel Point Logged 19/12/79 sz 52537579
metres below top

approx, m O.D. of coastal cliff

14Binnel Point C sampling Site 3. See next page 
for stratigraphic description.

Figure 3-5.
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SITE 3 BINNEL POINT

Stratigraphic description
A Dense, yellowish grey (Munsell 5Y 6/2), weathered COBBLE 

GRAVEL in glauconitic silty sand matrix; subrounded 
Lower Chalk (Chalk Marl) cobbles and subangular to 
angular Upper Greensand boulders, some back-tilted from 
36° to 60°; landslip debris.

B Firm to very firm, pale yellowish brown (10YR 6/2) sandy 
SILT, containing abundant fossil woodland mollusc fauna 
(e.g. Pomatias elegans, Discus rotundatus); fine Upper
Greensand gravel; iron stained band near the top.

C Firm, greyish brown (SYR 3/2) clayey SILT, containing 
abundant charcoal and fossil woodland mollusc fauna (e.g. 
Pomatias elegans, Discus rotundatus); darkens toward the 
top.

D Firm to hard, yellowish grey (5Y 6/2), weathered COBBLE 
GRAVEL in silty sand matrix; subrounded Lower Chalk 
gravel; many moderate yellowish brown (10YR 5/4) iron 
stained bands; landslip debris.

E Slightly firm to firm, greyish brown (5YR 3/2) sandy to 
clayey SILT, containing fossil woodland mollusc fauna (as 
in B and C), small flakes of charcoal, and transported 
midden materials (e.g. small mammal tooth, marine 
shell).

F Firm, pale yellowish orange (10YR 7/2), weathered COBBLE 
GRAVEL in silty sand matrix; subrounded Lower Chalk and 
Upper Greensand cobbles; landslip debris.



Site 2 Binnel Point Sketched 20 /12 / 79 SZ 52427580

I

Figure 3-6. Binnel Point Site 2 (not sampled).

103



104

(A)
RADIOCARBON 

DATE

(B)
ARCHAEOLOGICAL (C ) 

EVIDENCE

I  30 o
3 *

i  i

LANDSLIDE  
lACTIVITY ELSEWHERE!

CLIMATE

A

e
0 ft I

11 V

A11
9f I
H11 ?

» f

°1T> t
+ Si &

IB
- 2

- 3

Q-*
CDcnPxi/>QC<
UJ>-

4 e

5 -

l ‘ l

V

6 -

7

8

9

KEY

^  reliable 
6  uncertain

10 -

A

aO
+4o
E
o

v

a

- 4

- 5

A 6

I a 7

x>
■fl
E

8

9

♦ o
§ gt 0

A
a 1 0

V
Figure 3-7. Summary and interpretation of chronological data 
from the Undercliff. Dates in columns A and B relate to 
periods of occupation and inferred landslide quiescence; 
column C indicates possible activity.



1 
I 

+150mNNW 

+100 

+50 
... . . . . . . . . . 

Sf Catherine's 
Deep 

SSE 

Average sea-floor 
slope (1.2-) 

ApproxImate bathymetric 
profile . . . . 

O.D.------;;;-=~~~:::;;:;;~~=~..:....:-....----.-~~~~~-~==:::====== · .. . . . . . . '_'_'-'-'''1111!:'''-'-'--'-'--
-so 

-100 

(V.E.: 5) 
-150m 

Figure 3-8. 

.::::::::::::::~~~- ---------
.......... ------- f--I 

Gault outcrop 
projected at local dip (1.5-) 

o 1 2 3 
I I I I 

Offshore geological projection, with suggested relationship of strata with the 
geomorphology of St Catherine's Deep. 

4 km 
I 

o 
U1 



106

4. HYDROGEOLOGICAL OUTLINE

4.1 WATER RESOURCES OF THE SOUTHERN DOWNS

4.1.1 Occurrence of groundwater

The hydrogeology of the southern Isle of Wight, and of 
the Southern Downs outlier in particular, has been described 
by de Ranee (1882), Reid and Strahan (1889), Whitaker (1910) 
and Fairley (1932). No more recent reports are known. In 
these accounts the aquifers, or water-bearing strata, are 
noted to consist of two main units: (i) the Chalk and Upper 
Greensand, and (ii) the Lower Greensand. These groups of 
strata are, of course, separated by the Gault, which acts as 
an aquiclude or aquitard. At least two independent 
groundwater regimes are thereby established. For convenience 
the higher one is termed the Southern Downs aquifer and the 
lower one the Lower Greensand aquifer. The water resources 
of the Southern Downs outlier are dominated by the upper 
groundwater regime.

The Upper Greensand and Chalk strata, which together form 
the Southern Downs aquifer, owe their main water-holding 
capability to the jointing in the strata. Whitaker (1910) 
and Fairley (1932) consider vertical joints to be 
predominant, although lateral flow is said to be possible 
along bedding planes and clayey layers, e.g. within and at 
the top of the Lower Chalk formation. The rocks themselves 
are described as having considerably less permeability than 
the joints which divide them.

The Lower Greensand aquifer group consists essentially of 
a great thickness of permeable deposits (Whitaker 1910). The 
variations in structure and lithology, particularly the local 
occurrences of clay beds within the generally poorly 
lithified sands, give a greater variety to the hydrogeology 
than in the Chalk and Upper Greensand. The exposed area of
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Lower Greensand in the Undercliff is relatively small, 
although it outcrops over the central valley north of the 
Southern Downs and is there currently being intensively 
investigated by the Southern Water Authority for development 
as a water resource.

The place of the Gault in the hydrogeological scheme has 
long been recognized. Owing to the relative impermeability 
of the Gault, the water in the overlying aquifer flows 
laterally to the edges of the outlier and emerges in a number 
of springs. It is these to which Bristow (1862), de Ranee 
(1882), Reid and Strahan (1889) and others have attributed 
the formation of the landslides in the Upper Greensand cliffs 
at the edge of the outlier. Whitaker (1910) notes that the 
most copious springs are to be expected along the hillsides 
where the Gault is at the lowest level. It may be inferred 
from figure 2-7 that this would be in the vicinity of western 
Ventnor, thus accounting in part for the formation of the 
Undercliff along the southern edge of the outlier. However, 
Whitaker goes on to observe that the dips are sufficiently 
gentle to account for springs emerging "along nearly the 
whole Gault outcrop". The distribution of the more important 
of these is shown in figure 4-1.

Because of the ambiguity (alluded to in 2.4.2) over 
including the Passage Beds within the Gault formation, most 
early writers describe the springs outbreaking at the surface 
of the Gault or at the base of the Upper Greensand. This is 
not strictly correct in the context of the stratigraphic 
usage adopted, for it has been proven in recent 
investigations (Bromhead et al. in prep.) that the springs 
emerge from the upper part of the Passage Beds. At 
Blackgang, where the sequence is well exposed, a prominent 
line of seepage and springs has been measured at c. 3.5 m 
below the base of the Malm Rock (see figure 7-26).

Whitaker (1910) remarks on the presence of an unusual 
spring known as St Boniface's Well or the Wishing Well, on
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the steep slope of St Boniface Down above Vent nor. It had 
been earlier noted by Englefield (1816) that it was, in all 
probability, due to the presence of a minor impermeable 
stratum. This is related by Whitaker to the Acttnocamax 
plenus Marl (Lower Chalk) and the overlying Melbourn Rock 
which were calculated to outcrop at about the elevation of 
the spring.

The minor aquitards in the Lower Greensand give rise to 
local lines of springs or seepages which are best observed in 
the lower cliffs around Blackgang. These are, in part, 
responsible for the formation of the stepped cliff profile, 
through the process of seepge erosion (Hutchinson et al. 
1981b, Bromhead et al. in prep.). Probably the best known of 
the Lower Greensand springs was the Chalybeate (or Sandrock) 
Spring famed for its apparent medical benefits, discovered in 
1809 (Norman 1887), but now destroyed by coastal landsliding. 
It was sited approximately midway between Blackgang and 
Rocken End, at an approximate elevation of +58 m O.D., and 
was thrown out by a silty clay stratum (2d in figure 2-8a) in 
the Sandrock formation. Other seepages and springs have been 
noted from a lower stratum (2b in figure 2-8a) in which a 
prominent lower undercliff has been developed (Bromhead et 
al. in prep.).

The Southern Downs unconfined aquifer forms a perched 
water table. By this it is meant that the upper surface of 
the saturated zone, the phreatic surface, or the Rest Water 
Level (RWL) measured in wells, is not restricted by a 
continuous impermeable stratum in an upper part of the 
aquifer. No instance of "flowing artesian conditions" 
(Freeze and Cherry 1979) is known in the vicinity of the 
Southern Downs. If the water table in the Chalk of St 
Boniface Down ever rose to approach the A. plenus Marl 
stratum, then a local confined aquifer could be said to 
exist. Owing to the proximity to the edge of the outcrop, 
and to the "copious" springs (Whitaker 1910) in the 
undercliff below, such a possibility is very unlikely. The
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best overall model of the Southern Downs aquifer is 
illustrated figuratively by I.G.S. and S.W.A. (1979), from 
which figure 4-2 is derived. The level of the phreatic
surface is largely unproven. Water levels from the few
observation or prodution wells or boreholes which penetrate 
the Upper Greensand have been superimposed in figure 4-2, in 
support of a better estimate of the supposed phreatic 
surface. As these do not all lie on one cross-section line, 
a correction has been made for elevation differences. Mr M J 
Packman, Southern Water Authority (pers. comm.) considers 
that much of the Chalk is unsaturated, while the Upper 
Greensand is "probably saturated", suggesting that the 
phreatic surface in general does not rise to a high level in 
the Chalk.

In comparison, the groundwater of the Lower Greensand 
aquifer is more likely in places to be confined by the 
intercalated clayey strata. Unpublished data from the 
Southern Water Authority of trial boreholes around the 
northern fringe of the outlier (see e.g. 2.2.3) suggest, 
however, that flowing artesian conditions sure not known. The 
springs issuing from the coastal cliffs of Lower Greensand 
below Chale, Black gang and Luccoiribe demonstrate that, at 
least near the edge of the outcrops, the water tables are 
perched and the aquifers unconfined.

4.1.2 Composition

Fairley (1932) describes the groundwater from the upper 
aquifer as "clear and bright”, making "excellent waters for 
domestic use" although containing a "moderate amount of 
hardness". A large part of the hardness is described as 
"temporary" and can be reduced by softening treatment. It is 
pointed out that, as the passage of water through the Chalk 
and Upper Greensand is mainly via the fissures, effective 
filtration is not achieved and the possibility of pollution 
is real. A summary of analyses from a variety of sources
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(which are described in more detail in 4.1.3) is presented in 
table 4-1.

Waters from the Lower Greensand are said by Fairley 
(1932) to be "usually soft but they may contain iron in such 
quantity that it has to be removed before they are fit for 
general use”. The chalybeate water from the spring near 
Blackgang is reported by Norman (1887) to comprise quantities 
(mg/1) of the following: Fe 41.4, A1 31.6, Ca 10.1, Mg 3.6, 
Na 16.0, Cl 4.0; thus making a particularly unpalatable 
water (cf. table 4—1), except for medical treatments where 
doses of a teaspoonful were considered appropriate. The well 
at the Ventnor Gas Works, situated within a few metres of the 
sea wall at +4.6 m O.D. with a depth of 36.6 m, penetrated 
parts of the Carstone and Sandrock formations. The analysis 
listed by Fairley (1932) includes the following data (mg/1) 
for comparison with table 4—1: total solids 20.0, Cl 4.0, NH3
0.005, Fe 4.25, Mn 0.01, hardness 9.5.

4.1.3 Discharge regime

Surface water runoff in streams
Many of the springs emerging from below the Malm Rock run 

freely over the lower slopes of the outlier and contribute to 
the drainage network of the southern Isle of Wight. The 
headwaters of the Medina and the Eastern Yar are derived from 
this source, as illustrated in figure 4-1. Allowing for the 
fact that the major river systems are probably antecedent, 
the summits of the Southern Downs, the highest elevations in 
the Island, represent the main topographic drainage divide. 
Most surface runoff is therefore to the northward. This 
contrasts with the observation from boreholes in the Lower 
Greensand that subsurface RWLs and, therefore by inference, 
flow in this aquifer reflect the local southward or 
south-eastward dip of the strata (see 2.2.3).
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Runoff waters draining south of the topographic divide, 
including the streams of the Undercliff, are therefore 
restricted areally and have no opportunity to form large 
networks or integrated drainage patterns. Included among the 
southern drainage system are the Chines of Blackgang, 
Luccombe and Shanklin which have as their sources the spring 
discharges from the Upper Greensand. They are remarkable for 
having cut great V-shaped notches into the Lower Greensand 
cliffs, over which the streams must flow to the sea. 
Gradients in the chines are steep owing to the short distance 
in which the coastal base level is attained. The thalweg of 
Blackgang Chine, and of several others on the SW coast near 
Chale, does not reach sea-level, unlike the more classical 
pattern exhibited by Luccombe surid Shanklin Chines. Owing to 
the rapid cliff recession since the early 19th century, 
Blackgang Chine is now left, in the manner of glacial hanging 
valleys, as two partially formed notches with waterfalls at 
the top of the cliffs (figure 2-11). The word chine is said 
by Wilkins and Brion (1859) to derive from the Norman French 
echtne, meaning a cut or division.

There are several perennial streams in the Undercliff, 
again deriving from the lines of springs in the Passage Beds. 
The more important of these streams are illustrated in figure
4-3. As might be expected of watercourses formed in landslip 
deposits, the flow in some is partly or almost wholly 
underground, but in general the paths can be traced 
adequately with reference to "sinks” and "issues" marked on 
large scale maps and from local topography. In some cases 
the underground flow presents a problem for local residents. 
A stream flowing in the vicinity of Pier Street, Ventnor, and 
formerly supplying the 19th century mill pond, was probably 
responsible for flooding the basements of some buildings in 
Ventnor's shopping centre in the winter of 1960-61. The 
neglect of proper maintenance of the (generally underground) 
streams in the vicinity of "Mirables", near Binnel Bay, and 
their associated drains, is thought by Mr J A Middleton 
(pers. comm, to Hutchinson) to have contributed to the
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sliding activity in the area. On the other hand, some 
Undercliff streams have enhanced considerably the scenic 
value of the landscape, as for example at St Lawrence or at 
Bonchurch, where an artifical pond drains underground for 
some distance before issuing in an attractive stream and 
cascade into Hordes Bay. The underground stream in Ventnor 
now emerges near the top of the coastal cliff and has been 
channelled over an artificial rocky cascade. Other streams 
flowing on the surface are notable for forming impressive 
deposits of tufa, as described in 3.2.1.

Water supply from veils, boreholes and springs

The waters from the Southern Downs and Lower Greensand 
aquifers are entirely sufficient for the needs of the 
population of the local towns, villages and farms. These 
include Chale, Niton, Whitwell, St Lawrence, Godshill, 
Wroxall, Bonchurch and of course Ventnor and Shanklin. 
According to Fairley (1932), who cites the 1931 census 
results, a population of some 15,000 in the rural parishes 
and urban districts was then served by these supplies. It 
was noted that the Ventnor supply, for example, serving 
normally a resident winter population of around 8,000 (1932) 
in the Ventnor Urban District and the adjacent parishes of 
Bonchurch, St Lawrence, Newchurch and Godshill, had to cater 
for an estimated additional 3,000 summer visitors. The 
population of Ventnor U.D. alone was in 1931 5,112, in 1951 
7,314, and in 1971 6,910, so a proportional increase in 
demand might be expected nowadays in the surrounding 
localities, over and above the seasonal requirements.

Most of the demand is met by the upper, Southern Downs, 
aquifer from which supplies are distributed widely by 
gravity. Springs are the predominant source although there 
are some wells and boreholes from which water is pumped for 
particular agricultural, industrial or institutional use 
rather than for public supply. The quality of the water is, 
as noted in 4.1.2, excellent for domestic use, especially 
after treatment for hardness. Fairley (1932) describes the
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volumes involved as "not very large", as the aquifer 
reservoir is not extensive. Many of the sources identified 
as "springs" actually consist of shallow shafts, adits and 
headings. In an attempt to intercept more water from the 
jointed rock. Others rely on collection in open jointed 
pipes laid in the subsoil.

Supplies from the Lower Greensand aquifer are locally 
important around the inland fringe of the outlier, but not 
within the hydrogeological context of the Undercliff.

Most of the population of the Undercliff is served by the 
two major public supplies at Niton and Ventnor. The Niton 
supply is gathered from 2 springs in the Undercliff, near St 
Lawrence. The collecting chamber, sited at about 
SZ 53137639, is at +45.4 m O.D. The water is pumped to serve 
not only the residents of the Undercliff but also those in 
Niton village and district, comprising altogether an 
estimated winter population of about 1,200 (Fairley 1932). 
The total yield of the two springs (I.G.S. No. 345/24A & B) 
is reported as 5.05 1/sec (96,000 gall./day) with little 
seasonal variation. This is described as a "large suppy" and 
Fairley further observed that, at least in 1932, 2/3 in 
summer and 3/4 in winter was not utilized.

The Ventnor water supply is also collected from springs. 
The main source is the Ventnor railway tunnel (I.G.S. No. 
345/13), from which water is collected in 305 and 229 ram 
diameter stoneware pipes laid on each side of the tunnel. 
Fairley (1932) suggests the spring to be 290 - 380 m south of 
the Wroxall portal. A supplementary supply is obtained from 
a shallow well (I.G.S.No. 345/14) in the pumping station. 
Water from both was pumped in 1932 to a reservoir on 
Littleton Down; a new reservoir has been built recently by 
the S.W.A. at the south tunnel portal on the former site of 
the Ventnor railway station. The use of a reservoir in Grove 
Road, below the level of the well, was discontinued before 
1932 for fear of contamination by defective sewers in the
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road above. This area has been affected by landslip 
subsidence, at least since 1960-61 and probably earlier
(7.2.1). Fairley gives the estimated yield from the tunnel 
at up to 10.52 1/sec (200,000 gall./day) describing it as 
having little seasonal variation Which is probably true in 
general, but not in unusual seasons (see also 4.1.4). 
Several other wells or boreholes are recorded in the Ventnor 
area, although because most are no longer used, their former 
role in public water supply is less certain. Most were 
private or exploratory. They include a borehole (I.G.S. No. 
345/15) next to the Ventnor Waterworks in Mitchell Avenue, a 
borehole (I.G.S. No. 345/16) at the former St Catherine's 
Home, a borehole (I.G.S. No. 345/17) near the shore at the 
former Ventnor Gas Works, and a well (I.G.S. No 345/25) at 
the former Royal National Hospital.

There are several private supplies in the CJndercliff. 
Only one, a spring at Luccorabe (I.G.S. No. 345/22), is 
recorded by the I.G.S. Information of others is contained in 
the records of extraction licences granted by the S.W.A. 
These include spring sources at Bank End Farm (SZ 54027674) 
and in Ventnor (SZ 56097761), and shallow wells at the 
Orchards (SZ 51377599) and the Westfield Holiday Centre, 
Bonchurch (SZ 57397779).

A summary of the Southern Downs water supplies is 
presented in table 4-2, although it is admitted that some 
data, relying primarily on the reference sources of Whitaker 
(1901) and Fairley (1932) may not be valid currently. A 
fuller account of many of the individual sources is presented 
in appendix I, including the stratigraphic logs from 
boreholes and wells where appropriate. The distribution of 
the main sources - springs, wells and boreholes - may be seen 
in figure 4-1.
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4.1.4 Recharge regime 

Rainfall and Infiltration

The area of the Southern Downs aquifer is restricted to 
the outcrop of the Chalk and Upper Greensand forming the 
outlier. Its entire input of water is therefore from 
precipitation, mainly rainfall. The pattern of rainfall over 
the Southern Downs is not well known. Whitaker (1910), using 
rainfall records over 35 years (1868 - 1902) proposed a 
pattern for the whole Isle of Wight consisting of three 
concentric zones, the highest (averaging 840 non per annum) 
occupying the central 21% of the Island's area and the lowest 
zone (740 mm) covering 25% in a coastal fringe. It is this 
inferred that the southern Isle of Wight is characterized by 
a rainfall distribution the isohyets of which are parallel to 
the coast of the Undercliff and increase to the NNW.

It may similarly be argued that the groundwater source of 
the Tower Greensand aquifer is rainfall. The area of 
interception in the central valley where these rocks outcrop 
coincides approximately with Whitaker's (1910) zone of 
highest rainfall. Local dips controlled by the ventnor 
Syncline may result in flow towards the south or 
south-southeast, which may in turn account for some water 
supplies near Chale, Whitwell and Shahklin being drawn from 
the Lower Greensand.

Prior to the establishment of Metero logical Office 
recording in the late 19th and early 20th centuries, records 
of rainfall and other climate data for the southern part of 
the Island were very limited. Martin (1849) collected 
rainfall, temperature, wind and evaporation (dew point 
temperature) data in the Undercliff during 1838-48. The mean 
annual rainfall over those 10 years was 658.9 ram, with low 
and high extremes of 481.8 (1842) and 1000.3 ram (1848) 
respectively. The mean annual rainfall at the former Royal 
National Hospital, during 1876-79 is reported by de Ranee 
(1882) at 852.8 mm. Climatic data have been recorded in the
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Undercliff from St Catherine's Point (SZ 49847541) since 
1924/ from the former Royal National Hospital, Ventnor 
(SZ 54637673) during 1902-51/ and from Ventnor Park 
(SZ 54637731) since 1926 (excluding 1931-33). A 
meterological station also exists in Shanklin (SZ 58048076). 
Rainfall records from the Undercliff acre summarized in table
4-3. From these data it is not possible to determine the 
areal distribution over the Southern Downs, although it may 
be observed that the annual rainfall at St Catherine’s Point 
tends on average to be 78.0 mm less than that at Ventnor.

The amount of water which is added to the groundwater as 
recharge is not the same as that which enters the 
hydrological cycle as rainfall. A considerable amount of the 
total rainfall is lost immediately as surface runoff, and is 
added to the surface streamflow. Some is intercepted by the 
vegetation, while some of that which is infiltrated is 
further removed by vegetation and lost through 
evapotranspiration. These latter effects may be taken into 
account using the Penman equation for the estimation of 
potential evaporation. This allows an estimate of effective 
or residual precipitation to be derived from the difference 
between total rainfall and potential evaporation. The 
Metereological Office began keeping monthly potential 
evaporation records for St Catherine’s Point in 1967, using 
estimated sunshine values from Ventnor. The annual average 
for 1967—80 is 588 mm, in comparison to an average annual 
rainfall of 708 mm during the same period. It is unlikely 
that this determination will be widely applicable, owing to 
differences in topographic and exposure factors (e.g. 
elevation, insolation aspect, wind velocity).

Climatic correlation

It is not possible to make a general statement about the 
response of the Southern Downs aquifer to seasonal or 
longer-term variations in the recharge by precipitation. The 
response itself is a time function, dependent on the mass 
permeability of the aquifer rocks (lateral and vertical
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transmission through fissures). Almost no data are available 
for this, nor on how long, in general, it takes infiltrated 
precipitation to pass through groundwater storage and to 
emerge finally in springs. The exception is a note, 
contained in the unpublished I.G.S. records for the private 
well (No. 345/25) at the former Royal National Hospital, 
Ventnor, to the effect that there is a "9 - 18 months delay 
in rainfall"; the effect of a drought is also said to have 
been noticed.

The few observed patterns of behaviour are discussed 
briefly below; firstly, in relation to seasonal fluctuations 
and secondly, to longer-term climatic variations. Fairley 
(1932) notes in many cases whether nor not there is a 
seasonal difference in yield from water sources used for 
public supply. Included among those sources having "little 
seasonal variation" are the Ventnor railway tunnel, the 
springs at St Lawrence, springs at Bierley serving Whitwell, 
and the Cross Meade spring on St Martin's Down serving 
Shanklin. By contrast, some other Shanklin supplies, from 
Greatwood Copse and Oxlease, were reported, in 1932, to have 
great seasonal differences: approximately 1.6 1/sec (30,500 
gall./day) in winter and 0.5 1/sec (10,000 gall./day) in 
summer. This is a trend that is inverse to the seasonal 
demand imposed by holidaymakers. Springs below St 
Catherine's Hill, serving Chale, also exhibit a seasonal 
variation. Monitored trends from wells and boreholes are not 
numerous, and relate almost entirely to recent investigations 
conducted by the s.w.A. on the Lower Greensand aquifer. A 
clear seasonal response in RWL may be seen from figure 4-4, 
for a well at Itchill (SZ 52277934), although the pattern is 
less clear for the Whitwell Borehole (I.G.S. No. 344/14), 
probably due to pumping. The rainfall recorded at St 
Catherine's Point, respectively 5 and 3 km distant to the SW, 
is presented for comparison. Similar seasonal trends may be 
observed for the shallow piezometers in the Undercliff 
(see 4.2.4).
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As no long term well records exist for the Southern Downs 
aquifer, it is worth referring to some trends indicated in 
the records from sites elsewhere which have probable 
hydrogeological similarities to the Southern Downs outlier 
and to the Undercliff. Two examples are discussed.

The S.W.A. have kindly made available the records from 
their Chilgrove well, located at SU 835144, about 10 tan NNW 
of Chichester, in the Chalk aquifer of the South Downs, It 
is distinguished by having the longest record of continuous 
monitoring (from 1836) in Britain. A portion of the 
Chilgrove data (1955-78) is given in figure 4-5. Clear 
seasonal variations cure noted, although, because of the 
geographical separation of this site from the Isle of Wight, 
only the most general trends are likely to be relevant to the 
latter place. It may be further observed from the well 
response that the pattern from year to year may be different 
owing to drought or to greater than normal precipitation. 
Examples of such effects are notable respectively in 1976 and 
1960-61.

Observations of spring yields in the Undercliff at these 
dates are interesting for comparison. During the 1976 
drought there was, according to local opinion, no change in 
the flow rate of the stream feeding the pond at Bonchurch; 
whereas during the wet winter of 1960-61, the discharge from 
the Ventnor railway tunnel was "5 or 6 times the normal 
winter flow” (Hutchinson Reconn, in prep.)

An interesting pattern of seasonal well response has been 
reported for the slipped masses at Folkestone Warren by 
Hutchinson (1969). From continuous records of piezometric 
level during the period 1954-63, Hutchinson is enabled to 
demonstrate a trend of the annual peak elevation being higher 
the earlier in winter that it occurs. No relationship 
against rainfall is given, although the ranking of levels 
from highest to lowest (e.g. 1961 > 1960 > 1959 etc. ) matches 
closely an equivalent trend of decreasing annual rainfall
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observed in the Isle of Wight for the same period. The data, 
again, are too geographically disparate to suggest a definite 
correlation, and the duration of Folkestone Warren records 
(including those given by Hutchinson et al. 1980) is too 
short to confirm any trend due to the 1976 drought. 
Nevertheless, it is possible that equivalent seasonal and 
longer-term climatic response patterns could apply to the 
springs, wells and boreholes in the Undercliff.

Water balance

A relation combining data on streamflow, water supply 
yields from springs, and effective rainfall may be used to 
derive a quantitative water balance. This is merely a formal 
expression of the inputs and outputs in the hydrological 
cycle. When order of magnitude values of abstractions are 
compared to inputs from rainfall, the residual between these 
expressions may be equated to the likely volume of 
groundwater recharge which cannot be measured directly. 
Considered as a water resource, the groundwater system can in 
general tolerate extractions equivalent to the maximum winter 
recharge. According to Mr M J Packman (pers. comm.), the 
Southern Downs aquifer is not fully exploited.

In view of the inadequacy of data on streamflow and on 
the abstractions from wells and springs, it is concluded that 
a full water balance cannot be presently determined. The 
hydrological components of the Southern Downs groundwater 
system can be closely defined, and could probably be 
measured, so that the determination of a full water balance 
is not in the future an unreasonable expectation, but is 
clearly beyond the scope of the present project.



4.2 PRELIMINARY HYDROGEOLOGY OF THE UNDERCLIFF

4.2.1 Landslip hydrology

The importance attached to groundwater in the formation 
of the Undercliff by landslipping has been indicated by many 
of the early writers (see 1.2). Most accounts relate to the 
supposed effects of the springs in undermining superincumbent 
strata, or lubricating a clay surface. Although these kinds 
of mechanisms are now known to be invalid, and have been 
replaced by the alternative one of multiple rotational 
landsliding in the Gault, the influence and sensitivity of 
groundwater on slope stability is considerable.

The hydrology of the Undercliff landslides is dominated 
by the groundwater system of the Southern Downs aquifer. 
This arises from the fact that gravity flow from the aquifer, 
emerging in a line of major springs within the upper Passage 
Beds contributes principally to the groundwater supply of the 
Undercliff. The outcrop of the above stratum is almost 
everywhere obscured by rockfall debris and landslip deposits 
abutting on the high cliff at the rear of the Undercliff. It 
is expected that the disturbed materials including Gault and 
Passage Beds debris, will have greater mass permeability than 
the respective in situ strata which form the aquitard. 
Provided that flow is maintained from the Southern Downs 
aquifer into the landslip deposits, the groundwater system 
developed in the Undercliff may be inferred to be in 
hydrological continuity with the aquifer of the outlier. The 
reasoning behind this inference follows that of Hutchinson
(1969) who proffered a model of hydrological continuity 
between the Chalk aquifer of the North Downs and the slipped 
masses of Folkestone Warren, Kent.

The patterns of flow in the materials of the Undercliff 
are very conplex, owing to the complexity inherent in 
deranged masses of strata with varying permeabilities. In 
the virtual absence of sub-surface observations (important



121

exceptions to which cure discussed in detail 1 below), 
indications of the areal variations in flow rate and in depth 
to the water table must be inferred largely from the surface 
indications, in the form of springs and watercourses. As a 
first order approximation it is assumed that an unconfined 
phreatic surface is developed in the upper part of the 
Undercliff, and that it probably has no greater elevation 
than that of the Passage Beds aquitard. The emergence of 
most springs in the Undercliff well to the seaward of the 
high cliff or rear scarp (figure 4—3) is clear evidence that 
flow in the upper area is underground. The presence of many 
watercourses and ponds further seaward suggests that the 
water table approaches the ground surface. It is known in 
some instances (see 4.1.3) that streams in the lower 
Undercliff sink underground and issue at the surface further 
downslope. This kind of behaviour testifies again to the 
great complexity of flow and drainage in the Undercliff, both 
in terms of vertical as well as lateral patterns. The 
watercourses illustrated in figure 4-3 axe thus somewhat 
schematic and tentative.

It is probably accurate to describe the water table in 
the Undercliff as perched with respect to the in situ strata 
underlying the landslide deposits. This conclusion has been 
strengthened by the proving, in geotechnical investigations 
at Blackgang (7.4.3) and Dunnose (8.1.2), of a considerable 
thickness of undisturbed Gault beneath the main slip surfaces 
of the landslides. The location of several springs at this 
level in coastal cliff exposures confirms the effectiveness 
of the underlying Gault as an aquitard.

The role of the groundwater as the primary factor 
affecting stability in the Undercliff was recognized clearly 
by Fairley (1932), who observed that "it would prevent 
landslips if all the water could be gathered at the foot of 
the cliff instead of being allowed to soak into the debris 
accumulated on the slope of the soapy Gault below". The 
sensitivity of the groundwater parameter is examined
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empirically in 8.4.3.

The hydrogeology of the Undercliff is influenced to a 
lesser extent by the groundwater system developed in the 
Lower Greensand aquifer. Outcrops of the Cars tone, sandrock 
and Ferruginous Sands formations occur, as can be seen in 
figure 2-11, only at the western and eastern extremities of 
the undercliff, from Blackgang to Binnel Bay and from 
Luccombe to Monks Bay respectively. Forming high, stepped 
coastal cliffs below the Gault outcrop, these strata are 
relatively undisturbed by large-scale landsliding of the type 
that characterizes most of the area of the Undercliff. The 
coastal cliffs cure, however, suffering from rapid recession, 
arising in part from seepage erosion. This may be a 
significant factor in the destabilization by toe erosion of 
the rotational landslides at the top of these coastal cliffs 
<8.4.4). The role of seepage erosion is discussed in 8.3.2. 
It probably arises from locally perched water tables in the 
Lower Greensand strata. In relation to the stability of the 
multiple rotational landslides, this process may be thought 
of as an indirect hydrogeological influence.

The only direct influence that the presence of the Lower 
Greensand aquifer can have on the Undercliff landslides is in 
relation to the height of the coastal cliffs as controlled by 
the Ventnor Syncline. Where the coastal cliffs are high, 
such as below Gore Cliff, Blackgang, local springs may be 
noted, but in general the cliffs appear to be dry. It is 
suggested in these cases that the phreatic surfaces are 
likely to be well below the base of the Gault, lying 
approximately at sea level, or at the level of minor 
aquitards, at the coast and rising gradually inland. water 
tables near sea level may well fluctuate with the tide (cf. 
Folkestone Warren, Hutchinson et al. 1980).

The likely presence of thicknesses of partially saturated 
Carstone and Sandrock below the base of the Gault is 
important, for this may result in the landslides being
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strongly underdrained. The extent to which this is effective 
in contributing to the stability of the landslides is unknown 
without more information on the permeability and flow 
charcteristics of the Gault that is inferred to be underlie 
the main slip surfaces. In places nearer the axis of the 
syncline, where the Lower Greensand coastal cliffs decline 
below sea level, it is possible that the assumed groundwater 
system will become confined beneath the Gault, and the degree 
of underdrainage will be less.

4.2.2 Importance of sub-surface information

Hydrogeological records are of vital importance to 
geotechnical investigations and can also contribute much to 
purely geological studies. Naturally occurring good 
exposures of sub-surface deposits or rocks are not common, 
but useful geological information is occasionally revealed 
in the logs of old boreholes made mostly for water supply. 
In the Ventnor area, for example, where exposure of the 
Selbornian strata is generally poor, the geological record 
from two boreholes (I.G.S. Nos 345/15 and 16) was used above
(2.4.2) in deriving a likely thickness of the Gault in this 
area. Appendix I summarizes the available geological 
information from well logs and boreholes. Data on the level 
of the freestone bed (Malm Rock) and of the SandroCk/Carstone 
junction was gathered from similar sources and used in figure
2-7. In addition to the two boreholes noted above, the only 
others in the Undercliff recording a stratigraphic succession 
(I.G.S. Nos 345/17 and 25) penetrate landslip deposits.

Geological information can also sometimes be inferred 
from pumping tests. The Southern Water Authority conducted 
such a test in the 19.8 m deep, 150 mm diameter, borehole at 
the Westfield Holiday Centre (SZ 57397779). It was, 
apparently, not sampled or logged. An interpretation by Mr 
M J Packman (pers. comm. ) suggests that at this site 
homogeneous landslip deposits overlie more intact slipped
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Upper Greensand. An impermeable boundary was reached at a 
drawdown depth of approximately 16.4 m (at c. +8.5 m O.D. ), 
suggesting a possible contact with the Gault, the base of 
which is expected to be near sea level here.

Boreholes which penetrate unstable slip masses may yield 
information of considerable geotechnical importance. 
Hutchinson (Reconn, in prep.) reports a notable instance of 
this for the Ventnor Gas and Water Co. well (I.G.S. No. 
345/17), the casing of which was bent by earth movements so 
that the bucket jammed and rendered the well unusable after 
1945. The level at which the jamming occurred is not 
recorded, but Hutchinson suggests that it was probably at or 
a little above the base of a 5.2 m thick layer of fill and 
beach deposits directly overlying Carstone and sandrock, at a 
level of about -0.6 m O.D. He concludes that this well, 
acting as a slip indicator, provides evidence for the sole of 
the landslides being near the base of the Gault at this 
location (SZ 56757741). What is certain, is that local 
movements were taking place between 1932 (when the borehole 
was made) and 1945.

Rest Water Levels are the other type of sub-surface 
records which have an obvious geotechnical application. The 
requirement for pore water pressure information in, for 
example, the determination of back-analysed shear and normal 
effective stresses can be met through a knowledge of 
groundwater levels. The available water-level data from the 
six known wells in the Undercliff are summarized in table 4-4 
and illustrated figuratively in figure 4-6. The pattern 
provides confirmatory evidence that the groundwater system 
suggested above (4.2.1) for the landslip masses of the 
Undercliff is probably reasonably correct. Variations are 
likely, of course, especially where the presence of springs 
and ponded water in some places in the lower part of the 
Undercliff suggests that the phreatic surface is at or near 
the ground surface.
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4.2.3 Siting and installation of piezometers

Although sub-surface investigations were not originally 
anticipated or planned under the reconnaissance objectives of 
the project, it became increasingly obvious during the course 
of field mapping and surveying that a limited sub-surface 
programme would nevertheless be desirable at certain sites to 
enable more detailed geotechnical investigations to be 
properly pursued. The realization of this goal was met 
primarily by the timely availability of a suitable mobile 
drilling rig, the Pilcon Traveller 30. [The writer is 
grateful to Kingston Polytechnic, and to Dr E N Bromhead in 
particular, for the free use of this equipment. Dr Bromhead, 
Mr R Curtis and Mr R Ferrand also generously spent 
considerable parts of their vacation time in assisting with 
the field work. ]

The principal site of interest was the great landslide of 
March 1978 at Gore Cliff, Blackgang, which destroyed several 
houses, part of a holiday camp and a private road. The 
investigation is reported fully below (7.4). The sliding was 
confined to the accumulated debris and old slip masses in the 
Gault below the high inland cliff. Ten boreholes to a 
maximum depth of approximately 26 m were sunk in the lower, 
accessible parts of the Undercliff, both within the area 
affected by the landslide and in the adjacent undisturbed 
area for comparison. Their locations are shown in figure
6-6. It was considered that useful comparisons could be made 
from the equivalent area at the eastern extremity of the 
Undercliff, an area with a history of similarly serious 
landsliding. A further four boreholes were sunk in the Gault 
in an accessible field at Carrigdene Farm which lies 
immediately west of The Landslip at Dunnose. The sites here 
are indicated on figure 6-23.

The purpose of the boreholes was threefold: (i) to 
install piezometers for the quantification of the groundwater 
levels and patterns; (ii) to confirm the thicknesses of the
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colluvial and slipped soil and the undisturbed Gault beneath; 
and (iii) to collect samples for geotechnical laboratory 
testing.

The last objective was not satisfied. Some disturbed 
samples were recovered, but the technique of continuous 
flight augering which was used to sink the boreholes did not 
permit the recovery of undisturbed samples. The material 
brought to the surface is thoroughly homogenized and 
contaminated, and only from the cutter head can small 
disturbed samples be effectively gathered. This was, 
however, of little importance, since good samples were later 
collected from cliff faces, when also the location and levels 
of exposed slip surfaces were more accurately revealed.

The augering technique does not, furthermore, permit the 
accurate logging of the borehole, owing to the difficulty of 
assigning the correct stratigraphic level to the arisings. 
Subject to these uncertainties, the approximate logs from the 
boreholes are presented in table 4-5. The deeper boreholes 
proved the significant thickness of probable in sttu Gault 
below the colluvium and slip debris.

The main value of the borehole programme lay therefore in 
the piezometric records. Piezometers in the shallower 
boreholes were placed adjacent to the assumed slip surface,
i.e. near the base of the colluvium, whereas those in the 
deeper holes were placed in the intact Gault and near the 
contact between the Gault and the Carstone. In all, 14 
piezometers of the Casagrande standpipe type (designated PI, 
P2 etc. ) were installed: a low air-entry ceramic tip, 254 ran 
long x 51 ran in diameter, connected to 19 ran I.D. PVC tubing. 
The tip was enclosed in a sand pocket in the lowermost 0.5 m 
of the borehole; the remaining height of the 150 mm diameter 
hole was backfilled with a bentonite: cement grout and capped 
by a concreted, "vandal-proof" cover.
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4.2.4 Piezometric records

The piezometers have been read at about fortnightly 
intervals since installation in the winter of 1981-82. These 
observations are presented in figures 4-7 to 4-12. In 
addition, the rainfall recorded at St Catherine's Point and 
at Ventnor Park during the same period is presented in figure
4-13 for comparison against short-term response behaviour. A 
brief analysis of the trends demonstrated by the records from 
each piezometer is given in table 4-6.

It is evident that the piezometers are not greatly 
sensitive to individual rainfall events. Most exhibit 
instead a marked seasonal response, with some of the deeper 
piezometers lagging up to 2.5 months behind the shallower 
ones. This behaviour is clearly a function of the relative 
permeabilities of the materials. The response of the deepest 
piezometers (effectively at the base of the Gault) may to 
some extent be influenced by permeability and groundwater 
conditions in the underlying strata. All shallow piezometers 
peaked in mid-March 1982, dropped during the summer, and most 
had begun to rise again by late September. The succeeding 
winter rainfall resulted in multiple peaks between early 
October 1982 and late March 1983. The amount of the rise was 
in most cases slightly less than the previous summer's drop. 
The deeper piezometers are exhibiting no consistent pattern 
of seasonal response over the 1982-83 winter: e.g. Pi is 
still rising from the previous winter's (delayed) minimum 
level; P2 and P12 are continuing to drop from the 1982 summer 
(delayed) peak levels; and P4 does not appear to have 
equilibrated yet.

An estimation of permeability may be made from the 
records of piezometer equilibration. The equilibration 
trends of PI and P5 (figure 4-8) and P14 (figure 4-10) sure 
taken as examples. The Hvorslev analysis of 
piezometer-recovery data is presented by Lanibe and Whitman 
(1969) and Freeze and Cherry (1979). For the assumed simple
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condition of a well-point filter in a uniform soil, 
illustrated schematically in figure 4-14, the following 
expression is used to determine the coefficient of 
permeability for the "variable head" case:

r2 In (L/R)
2 L (tz - tx) In (hx/hz).

The parameters are defined in figure 4-14. This expression 
differs from the "basic time lag" case in which a parameter T 
is defined by the value of (tz - tx) when 1 n(hx/hz) * l.o. 
It is conventional to plot the data in the form (hz/hx) vs t; 
however, for convenience the ordinate axis is here (figure
4-14) given as InChx/hz) and the abscissa as (tz - tx). The 
initial time tx is defined arbitrarily to minimize the 
effects of soil disturbance during installation. No reading 
of piezometric level was obtained from P5, for example, until 
some 46 days after installation (i.e. on 7/02/82), and this 
date is defined as tx for PI and P14 also. A non-uniform 
equilibration rate is evident for the latter two piezometers. 
This could be due to swelling of the bentonite seal near the 
tip, which would account for the apparently lower initial 
rate. This difficulty limits the applicability of the basic 
time lag parameter T to the evaluation of the coefficient k 
and it is considered that better estimates will obtain if the 
linear part of each curve (i.e. the gradient ln(hx/hz)/(tz - 
tx) is used. The following values for k have been derived by 
substitution of appropriate values in the expression above:

kpi4 = 2.1 x 10”AO m/sec 
kpi = 7.7 x 10_A1 m/sec 
kp5 = 3.4 x 10“Ai m/sec.

These results cannot be regarded as more than order of 
magnitude estimates for the permeability of the Gault. The 
principal uncertainty concerns the geometrical parameter L, 
the exact value of which could only be estimated from the 
weight and density of sand used to make the sand pocket
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around the tip. The expression above is noted to apply only 
to the condition L/R > 8 which, for the assumed values, is 
not exactly satisfied. A consistent trend in the results is 
apparent, however, in relation to the location of the 
piezometer tips. It is possible that PI and P14 situated 
nearer the base of the Gault, could be influenced by the 
proximity to the Carstone and by the more arenaceous texture 
of the gradational contact between the two strata. Therefore 
it is suggested that P5, situated entirely within the in situ 
Gault, would give a more reliable result. An isotropic 
coefficient of permeability of about K - 5 x 10“"AA m/sec is 
assumed to be a reasonable estimate. This value accords with 
the "practically impervious" classes of soils defined by 
Terzaghi and Peck (1967).

It is not convenient to use piezometers for pumping 
tests; however, well drawdown test results may be used to 
indirectly derive certain geotechnical parameters such as 
permeability. Transmissivity values, determined from the 
Theis or Jacob methods of graphical analysis (Freeze and 
Cherry 1979), are the product of saturated aquifer thickness 
and permeability. Thus for the test well at Westfield 
Holiday Centre, Bonchurch, on which the S.W.A. conducted such 
a drawdown test, the transmissivity of 40-50 mz/<3ay (Mr M J 
Packman pers. comm. ) in the approximately 0.80 m thick 
saturated aquifer suggests an equivalent permeability of 
about k a 7 x 10-4 m/sec. This value falls within the 
"medium” degree of permeability class of soils (Laxribe and 
Whitman 1969). The considerable difference between this 
value and that estimated above for the in situ Gault 
emphasizes the very variable nature of the landslip deposits 
and supports the conclusion that the unconfined aquifer in 
the disturbed materials of the Undercliff is indeed perched 
with respect to the underlying Gault, as assumed previously.



Table 4-1 Analyses of groundwater composition from selected sources, Southern Downs Chalk and Upper Greensand 
aquifer (after Reid and Strahan 1889, Fairley 1932). Units: mg/1

T(°C) Total Cl 
solid

_______ impurity

NH, Nitrates Hardness
and Temp. Perm. Total 

Nitrites

................ , —  , , y

Remarks

WELLS

Ventnor Waterworks 

SPRINGS

10.5 34.7 3.10 0.011 0.072 21.7 4.6 26.3 SI. turbid, palatable

Ventnor
a) Railway tunnel 17.5 34.4 3.00 0.004 0.191 21.0 4.4 25.4 SI. turbid, palatable
b) St Bonif. Down 10.4 32.8 3.15 0.006 0.195 21.0 4.7 25.7 SI. turbid, palatable
c) unspecified 10.9 26.4 6.40 0.024 0.101 6.8 5.6 12.4 Turbid, palatable
d) unspecified - 35.3 5.10 0.002 0.220 — — 26.0 —

Lucconibe - 28.0 2.74 0.001 0.082 — — 20.0 —
Niton — 40.4 4.34 0.006 0.246 - - 19.5 -
Chale — 44.4 7.10 0.007 0.296 - - 20.5 SI.trace phosphoric acid
Whitwell - 24.0 4.40 0.005 0.238 - - 11.5 Fe in solution
Wroxall. a) unspecified - - 3.18 0.005 0.320 - - 19.0 Much phosphoric acid

b) St Martin's Down — 34.8 3.00 0.011 0.205 - - 18.5 Dust
Newchurdh — 33.2 3.40 0.009 0.271 - - 18.5 Intestinal bacteria
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Table 4-2 Water supplies from the Southern Downs

Locality Ref. No. 
(see App.I)

Source Yield (l/sec x 10“3)* Supply

Chale 344/13 2 wells 395 - 630 Chale

St Lawrence 344/15 
345/24 A,B 
Orchard (SNA) 
Bank End (SWA)

well
2 springs 
2 wells 
spring

5050
10

1580

Private
Niton, St Lawrence, Whitwell
Private
Private

Whitwell 344/12 A,B 2 springs 420 Whitwell
344/14 borehole - Whitwell
345/5 borehole - Private
Dean (SWA) well 25 Private
Hermitage (SWA) spring 70 Private
Sibbecks (SWA) well 160 Private
Stenbury (SWA) spring 80 Private

Godshill 345/2 A,B 2 wells - Private
345/4 spring - Newchurch

Wroxall 345/6 borehole 1050 - 1580 Wroxall
345/7 well 4105 Shanklin
345/8 well 5 Private
345/9,10 2 springs 525 - 790 Wroxall
345/11 well - Private
Moncrieff (SWA) spring ? 85 Private
Redhill (SWA) well 20 Private
Rew (SWA) well 55 Private
Span (SWA) well 25 Private
Wroxall Cross(SWA) spring £ well 5 Private

Ventnor 345/12 well Private
345/13 spring 8945 - 10520 Ventnor
345/14 well - Ventnor
345/15 well - Private
345/16 borehole - Private
345/17 borehole - Private
345/25 well ? 605 Private
Ventnor Laundry spring 1265 Private

(SWA)
westfieid (SWA) borehole 265 Private

Luccombe 345/22 spring 2630 Private

Shanklin 345/20 A,B 2 wells 580 - 1685 Shanklin
345/21 A,B,C 3 springs 475 - 1475 Shanklin

*l/sec x (19.0 x 10*) “ g.p.d



Table 4-3 Monthly and annual rainfall records for the CJndercliff. Units non.

(a) St Catherine’s Point (1924-83) (b) Royal National Hospital (1902-51) (c) Ventnor Park C1926-83)
(not 1931-33)

Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum

Jan. 81.5 11.3 (1976) 164.3 (1925) 83.7 17.0 (1914) 162.5 (1925,48) 89.9 20.1 (1976) 160.0 (1948)
Feb. 54.3 0.0 (1932) 159.4 (1951) 59.9 1.1 (1934) 177.0 (1951) 60.3 1.0 (1934) 167.1 (1951)
Mar. 51.9 4.0 (1961) 152.9 (1947) 55.1 4.8 (1944) 175.1 (1947) 59.3 2.8 (1961) 176.5 (1947)
Apr. 45.6 0.9 (1938) 121.7 (1966) 49.7 0.7 (1938) 99.1 (1907) 47.8 0.3 (1938) 125.7 (1966)

May 50.3 3.9 (1944) 101.5 (1932) 47.3 5.6 (1936) 109.0 (1932) 49.3 5.8 (1936) 101.1 (1969)
Jun. 42.5 0.0 (1925) 145.0 (1971) 40.4 0.0 (1925) 106.2 (1905) 50.9 2.7 (1975) 179.2 (1971)

Jul. 49.8 2.7 (1949) 114.3 (1950) 51.8 5.6 (1935) 126.3 (1924) 55.1 5.3 (1949) 130.3 (1954)
Aug. 58.3 0.0 (1940) 199.0 (1963) 57.2 0.2 (1940) 145.0 (1925) 64.6 0.3 (1940) 163.6 (1961)

Sep. 67.8 4.4 (1959) 176.8 (1974) 61.6 5.3 (1910) 185.4 (1927) 75.8 6.4 (1959) 211.5 (1974)

Oct. 77.1 3.7 (1969) 225.5 (1928) 96.6 19.3 (1931) 227.5 (1928) 87.3 3.1 (1969) 228.1 (1939)
Nov. 98.8 8.5 (1945) 221.8 (1970) 91.1 8.5 (1945) 229.1 (1940) 107.4 11.9 (1945) 231.4 (1970)
Dec. 84.4 13.9 (1926) 210.6 (1934) 89.3 10.8 (1926) 239.3 (1914) 92.6 10.2 (1926) 235.5 (1934)

Year 762.3 437.4 (1973) 1224.1 (1960) 783.7 445.8 (1921) 1047.8 (1925) 840.3 557.1 (1973) 1354.9 (1960)
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Table 4-4 Rest Water Levels (RWL) of boreholes and wells in the Ventnor area (see figure 4-6)

Ref.No. Site Ground Level 
(m O.D.

Depth
(m)

RWL
(below GL) 

(m)

345/12 Isolation Hospital +152.4 75.7 63.4

345/14 Pumping Station +88.4 23.5 22.6

345/15 Water Works +88.4 33.8 25.6

345/16 St Catherine's Home c. +68 65.2 10.7

345/17 Gas Works +4.6 36.6 1.2 - 2.4

345/25 Royal National Hospital +26.8 10.7 6.0

SWA Westfield Holiday Camp c. +25 19.8 15.7
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Table 4-5 bogs of augered boreholes in slip debris and Gault at BlaCkgang and Dunnose, recorded during 
piezometer installation programme (December 1981 - January 1982).

B/H No. Grid Ref.(SZ) Stratigraphy (approximate only, depths in metres)

1 48987623 0 - 4.0

4.0- 5.0
5.0- 23.5

Soft, friable Gault debris, with occasional small U. Greensand fragments 
nearer the surface 
Plastic Gault
Hard Gault, impenetrable at end depth

2 49017624 0 - 1.5
1.5- 2.5
2.5- 4.5
4.5- 5.5
5.5- 25.5 

25.5-26.5

Topsoil
Firm to friable light grey sandy ?Passage Beds material 
Friable Gault debris
Soft plastic Gault, great outflow of water 
Firm Gault
Hard qreen gritty clay ?Carstone

* 3 494017624 0 - 2.5 
2.5- 3.8 
3.8- 4.1 
4.1- 5.5

Topsoil and Gault debris
Firm to hard Gault and Passage Beds debris
Soft wet Gault and small fragments of U. Greensand
Hard Gault

4 49017624 0 - 2.5 Moist friable topsoil, with small fragments of U. Greensand and concrete

2.5-14.9 Firm Gault, not wet

5 48987623 0 - 0.8 
0.8- 2.8 
2.8- 4.7

4.7-14.7

Hard foundation material (site of house)
Friable moist U. Greensand debris
Friable moist Gault debris, becoming wetter with depth, to a very 
plastic and wet zone 
Finn to friable Gault

6 48987623 0 - 1.3 
1.3- 4.8

Friable moist U. Greensand debris
Friable moist Gault debris, becoming wetter with depth, to a very 
plastic and wet zone

7 58057820 0 - 3.1 

3.1-14.4

Friable to soft moist topsoil and Gault debris, becoming more plastic 
and wetter with depth
Firm drier Gault, greenish sandy clay ?Carstone adhering to cutter 
head at end depth

8 58057820 0 - 0.5 
0.5- 3.0 
3.0- 4.2

Hoist topsoil
Friable Gault debris, becoming more plastic with depth 
Plastic wet Gault debris. B/H filled with water

9 58057820 Unsuccessful sampling B/H, 1 m increments 4.5 - 13.5 m

10 58037830 0 - 3.5 
3.5-24.8

Friable moist topsoil and Gault debris, becoming more plastic with depth 
Firm Gault, becoming greenish and Bandy and very hard ?Carstone at end 
depth. B/H filled with water

11 58037830 0 - 3.5 
3.5- 5.0

Friable to plastic moist Gault debris 
Firm Gault

12 4916713 0 - 2.0
2.0- 5.0
5.0- 17.7

Friable moist topsoil
Very hard u. Greensand debris
Hard Gault. B/H filled with water

13 49167613 0 - 1.5
1.5- 4.5
4.5- 6.3

Friable moist topsoil
Very hard lumpy U. Greensand debris
Hard Gault. B/H filled with water

** 14 49177606 0 - 1.0 
1.0- 4.5 
4.5-21.3

Gravel road base
Hard rocky u. Greensand debris
Hard Gault, becominq greenish and sandy ?Carstone near end depth

** 15 49177606 0 - 1.0 
1.0- 2.0

Gravel road base
Hard U. Greensand, impenetrable

16 48987623 Unsuccessful sampling B/H, 1 m increments 6.0 - 18.0 m

* Disturbed samples recovered every 0.5 m from 2.5 - 4.5 m inclusive.

** Piezometer P15 installed in B/H 14 (4.0 m), sealed below and above by bentonite plug.
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Table 4-6 Response trends of piezometers

Piezometer
No.

Comments on behaviour (Dec.*81 - Apr.*83) Response
Seasonal 1 Rainfall

P3 Equilibrated quickly, peaked mid-Mar.'82, dropped 0.5 m until mid- 
Sep. *82, rose 0.5 m to peaks late Dec.*82 and mid-Mar.'83.

Good Mod.

P6 Equilibrated quickly, peaked mid-Mar.*82, dropped 0.5 m until mid- 
Sep. '82, rose 0.4 m to peak late Dec.'82.

Good Poor

ui<u ~
W 

O -rt
si p  
a) X)
P <D 
O T3

P8 Equilibrated quickly, peaked mid-Mar.'82, dropped 1.3 m until mid- 
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Consistently dry.
Equilibrated quickly, peaked mid-Mar.'82, dropped 3.4 m until mid- 
Nov. '82, rose 2.1 m to peak mid-Jan.'83.
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Figure 4-1 Water supplies of the Southern Downs
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Figure 4-2. Hydrogeological cross section of the Southern Downs. Solid line shows 
inferred level of water table, as indicated by available well data (projected on the 
section); dashed line is approximately equivalent to the level shown by I.G.S. & S.W.A. 
(1979).
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Figure 4-3. Known major springs and streams in the Undercliff (not including wells for 
supply - see figure 4-1).

water
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Figure 4-4. Seasonal response of levels in two monitored wells in the Lower 
Greensand aquifer.
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Figure 4-5. Long-term monitored record of levels in the Chilgrove Well, near Chichester, 
W. Sussex.
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Figure 4-6. Hydrogeological cross section of the Undercliff, based on available well 
data (projected on the section).
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THE UNDERCLIFF AND ADJOINING AREAS - SOUTH COAST ISLE OF WIGHT

SANDROCK SPRING (A)
Figure 4-7. Piezometric records.________
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THE UNDERCLIFF FIND ADJOINING AREAS - SOUTH COAST ISLE OF WIGHT

SANDROCK SPRING (B)
Figure 4-8. Piezometric records.
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THE UNDERCLIFF RND ADJOINING AREAS - SOUTH COAST ISLE OF WIGHT

SOUTH VIEW (B)
Fiqure 4-10. Piezometric records.
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THE UNDERCLIFF AND ADJOINING AREAS - SOUTH COAST ISLE OF WIGHT

CARRIGDENE FARM (B)
Figure 4-12. Piezometric records.
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Figure 4-13. Rainfall records (1982-83) in the Undercliff, for correlation against 
the piezometric records.
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Figure 4-14. Equilibration data for 3 piezometers installed in in situ Gault.
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5. COASTAL AND LITTORAL ENVIRONMENT

5.1 OFFSHORE GEOMORPHOLOGY

Geomorphological investigations of coastal landslides are 
conventionally limited to the areas of land above sea level; 
however, this partition is arbitrary, for there is unlikely 
to be a demarcation between the onshore and offshore 
geological environments. If coastal landsliding is viewed 
fundamentally as a phenomenon of the geological setting, as 
it is in the case of the Undercliff, then it is proper to 
examine the offshore and littoral environment of the 
landslides. A precedent for this kind of study is provided 
by the work of Hutchinson et al. (1980) who, in recognition 
of the importance of the coastal processes, suggest that the 
interruption of littoral drift by harbour construction at 
Folkestone, Kent, led to a progressive increase of 
landsliding in the Warren.

The examination of offshore morphology and marine 
processes influencing the Undercliff is constrained by the 
difficulty of acquiring adequate information. Techniques of 
submarine geomorphological investigation differ considerably 
from those of land-based studies, hence accounting for the 
relative neglect of the offshore component. As the resources 
of the present study did not permit a comprehensive offshore 
programe, the following brief outline is based on available 
published and unpublished information.

5.1.1 Bathymetry and littoral morphology

It has been stated above (3.3.1) that the environment of 
coastal landsliding must on balance consist of regression 
rather than progradation. If also the rate of post-Glacial 
sea level recovery in the latter part of the Holocene (3.1.1) 
is so slow as to preclude significant recent transgression,
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then the origin of offshore geomorphological features must be 
attributable principally to the action of marine processes. 
These have produced different kinds of landforms from those 
of the subaerial environment.

The greater erosive forces at the shoreline tends to 
level and remove the ephemeral products of coastal 
landsliding, such as mudslide tongues (Hutchinson 1970, 1973) 
and upthrusted arcs at the toes of rotational landslides 
(Colenutt 1928, Hutchinson et at. 1980). Planed-off remnants 
of former landslips, forming a marine abrasion platform and a 
submarine terrace, have also been reported in the nearshore 
zone (e.g. Beachy Head, Kennedy 1969). There is less 
likelihood of distinguishing individual landslide remnants 
further offshore.

An engineernig geomorphological appraisal of the offshore 
and littoral environment should include some knowledge of the 
sub-surface conditions. No information is available on the 
extent or nature of conjectured former landslip remnants 
offshore from the Undercliff. The best sub-surface data is 
the offshore solid geology (I.G.S. 1977, figure 2-1), from 
which an indication of the geological constraints controlling 
major landsliding can be inferred (e.g. area of outcrop of 
the Gault). This procedure was adopted above (3.3.2), and 
led to the conclusion that a proto-Undercliff may once have 
existed as far as 3 - 4 km further offshore. The trench 
known as st Catherine's Deep, lying at about the same 
distance offshore, was inferred to have been formed close to 
the southernmost outcrop of the Gault, and to have a profile 
analogous to that of the northern cliffs of the Southern 
Downs outlier. For these reasons it is convenient to define 
the area of submarine geomorphological interest as extending 
not more than about 4-5 km offshore.

A limited amount of bathymetric data is shown on 
Admiralty Hydrographic Charts. The study area is included on 
Admiralty Chart L(D1)2045 "Outer Approaches to the Solent"
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(1974) at a scale of 1:75,000 and on L(D1)2450 "Anvil Point 
to Beachy Head" (1979) at 1:150,000. Compiled from many 
individual soundings, these charts essentially summarize the 
hydrography. They are published at too small a scale to 
contain detailed information of the bathymetry, especially in 
the shallower areas where passage of shipping is least 
important. In an attempt to derive a more accurate picture 
of the bathymetry near the CJndercliff, a number of 
unpublished survey logs were obtained from the Hydrographic 
Department, Ministry of Defence (Taunton, Somerset). Details 
of these are listed in table 5-1. The information from these 
surveys has been summarized into an approximate bathymetry 
( 5 m  contour intervals) which is presented in figure 5-1.

A knowledge of the morphology of the sea floor is, along 
with the sub-surface geology, the other primary component in 
a geomorphological assessment. The most prominent 
morphological feature in figure 5-1 that can be related to 
the geological outcrops is St Catherine's Deep.

However, the nearshore shallow-water bathymetry is of 
greater interest in relation to the interaction of the sea 
and the landslips at the shoreline. There is limited 
evidence of planed-off remnants of lands lipped blocks in the 
intertidal zone between Steephill Cove and Ventnor Bay 
(C. SZ 553769, 556771, 557771, 559772). The Strata, 
including Chalk, are steeply back-tilted. Mr C W English, of 
Consulting Engineers Mobbs and English, reports (pers. comm, 
to Hutchinson) the results of 7 shallow (3.7 m) borings made 
in the foreshore in Castle Cove (SZ 553769). Two, located 
about 40 m seaward of the coastal cliffs, recorded 1.1 m of 
boulders and small rocks overlying hard Chalk. The other 
five, at the foot of the cliffs, indicated 0.5 — l.l m of 
boulders and sand, overlying 0.9 - 2.4 m hard blue clay, 
overlying greensand. All the strata are inferred to be 
landslipped.
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In other places, such as at Dunnose, Monks Bay, Reeth Bay 
and Rocken End, there are large rock accumulations forming 
broad shallow-water reefs. These could possibly represent 
the more resistant "lag” components of former mixed landslip 
deposits.

A third kind of nearshore feature, having less importance 
in the Undercliff, may be seen at c. SZ 585789. Known as 
Bordwood Ledge, this is formed from a more resistant in situ 
stratum, probably a greensand unit near the top of the 
Ferruginous Sands formation. Two further prominent examples, 
Yellow Ledge and Horse Ledge, occur north of the Undercliff, 
towards Shanklin; whereas on the western coast there is one 
running offshore from Atherfield Point. Aside from the above 
features, the nature of much of the nearshore and offshore 
bathymetry and landforms is unknown.

5.1.2 Incident wave climate

The waves which reach the shoreline are usually generated 
in the deep water far offshore and they undergo important 
transformations as they propagate into shallow water. Waves 
are created as the energy from the atmospheric circulation 
systems, such as depressions, is transferred at the air-water 
interface into wave-front momentum which affects only the 
uppermost surface of the oceans (King 1959, Komar 1976).

The "wave climate" is a means of describing offshore wave 
conditions. The waves axe characterized by their 
"significant wave height" Hs, defined as the average value of 
the height of the highest one-third of all the waves, and by 
their "zero-up-crossing period" Tz, which is the average time 
interval between the crossing of the still-water level by the 
upward faces of successive waves. wave climate in these 
terms is usually presented as a bivariate histogram giving 
the number of occurrences per annum or seasonally of waves 
with heights Es and periods Tz (Holmes 1982). These
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sea-state data are derived from records of wave action at 
observation stations, normally shipbome.

A major deficiency in routine wave data collection is the 
absence of information on wave direction. Both the speed and 
the direction of waves depend on the wind, and the 
directional distribution of winds of different intensities 
may be used in assigning directional properties to wave 
climate. It is also useful to derive a wave spectrum which 
relates wave energy to wave frequency (or its inverse, wave 
period). The wind speed is a primary element in these 
transformations. Directional spectra can be derived also.

It is beyond the scope of this study to prepare a full, 
directional wave climate or spectrum for the southern Isle of 
Wight; however, relevant studies in adjacent areas have been 
made by Henderson (1980) and Webber (1980), for example. The 
following basic data are also available. Two sets of wave 
data have been obtained from the N.E.R.C. Institute of 
Oceanographic Sciences. These summarize the records 
collected at the Shambles Light Vessel (50°3l'N, 2°20'W), off 
Portland Bill, for the complete year 1968 (Draper 1977); and 
at the Owers Light Vessel (50°37'N, l°40'W), off Selsey Bill, 
for the period October 1968 - September 1969 (Draper and 
Shellard 1971). The locations of these with respect to the 
Isle of Wight are shown in figure 5-2. The data are normally 
presented as a set of diagrams, including seasonal percentage 
exceedance of Est seasonal percentage occurrence of Tz, 
scatter diagram for Hs and Tz, persistence of wave 
conditions, and a "lifetime" wave prediction in which the 
return periods for certain maximum expected wave heights are 
derived by extrapolation.

Wind data have been made available by the Meteorological 
Office, from records taken at Portland Bill (50°32’N, 
2°27’W), Bournemouth (Hurn) Airport (50°47*N, 1°50’W), and 
Thorney Island (50°49’N, 0°55’W). These sites are noted on 
figure 5-2 with their data summarized into "wind rose" form.
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There axe, in addition, 8 years of records, dating from about 
1840, for the Undercliff, given by Martin (1849). One 
geographical factor affecting the adequacy of wind as a wave 
generator is the fetch, or distance of open water over which 
the wind can act and the waves travel. Fetch is, along with 
wind speed, an important factor in wave spectrum 
formulations. It is notable that the direction of 
predominant winds coincides with that of the greatest fetch 
to the southern Isle of Wight, as may be seen from a 
comparison of figures 5-2 and 5-3. It might therefore be 
expected that the waves approaching the shore of the Island 
do so on average more frequently from the SW quadrant.

Waves propagating in deep water (defined by Guilcher 
(1958) as depths greater than about half the wavelength) do 
not involve the water itself in any motion other than 
near-surface "open orbits" (King 1959). It is as a result of 
entering shallower waters (depths less than a quarter of the 
deep-water wave length, Komar 1976) that this ideal behaviour 
is disrupted through, for example, friction with the sea bed, 
causing the water itself to propagate physically shoreward. 
The energy of the wave train then becomes available for 
moving sediment at the shore. The waves themselves undergo 
directional and physical deformations. Refraction is a 
change of direction due to the effect of the sea floor, 
provided that the isobaths are not parallel to the waves. 
Reflection and diffraction can also occur when waves 
encounter obstacles. Other shoaling effects include a 
decrease of the wavelength, a decrease of the speed of the 
waves, an increase of the wave steepness (ratio between the 
height of the wave and its length), the transformation of the 
orbital motion into elliptical, and an increasing asymmetry 
of the wave profile leading to overturning (Guilcher 1958, 
King 1959). The wave period remains constant.

Holmes (1982) describes the changes in terms of wave 
energy flux being conserved between adjacent wave orthogonals 
or "wave rays" (lines drawn perpendicularly through wave
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fronts). A relation comprising a shoaling coefficient (a 
function of the group velocity of the wave before and after 
shoaling which is in turn a function of depth) and a 
refraction coefficient (a function of the distance between 
orthogonals) is used to derive the new wave height which 
satisfies the conservation principle. The required 
calculations may be efficiently solved by computer. No 
solution has been attempted for the southern Isle of Wight, 
although, because of the complexities of sea bed morphology 
around St Catherine's Point (figure 5-1), it is expected that 
waves approaching from the WSW or SW would be considerably 
altered by shoaling and refraction. There may also arise a 
degree of refraction when waves are travelling on a current, 
particularly tidal currents of appreciable velocity. This 
effect is likely to be significant in the tidal "race" off 
Rocken End, as noted in 5.1.3.

The waves very near the shore break as a result of 
excessive steepness. This usually occurs when the ratio of 
the water depth to the height of the wave when it breaks 
fife, is of the order of 1.1 - 1.5 (Guilcher 1958, Komar 1976). 
The ratio is a function of original wave height, wave period 
and beach slope (Holmes 1982). Numerical parameters are used 
to describe the types of breakers, e.g. spilling, plunging, 
collapsing or surging. Revision of the wave climate in 
shallow water is often made to take account of the condition 
that no waves greater in height than Hj, exist.

The important consequence of waves breaking at the shore 
is that their energy becomes available for entraining 
sediment. The approach of wave fronts to the shore at an 
angle, governed by the amount of refraction, leads also to 
the possibility of sediment transport taking place. The 
longshore or littoral drift process may be explained in terms 
of the swash and backwash of the breaking wave carrying 
sediment, whereby the load is carried up the beach in the 
swash at an angle, related to that of the approaching wave, 
then carried back down in the backwash in approximately the
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direction of maximum beach slope (King 1959). Individual 
particles thereby propagate along the shore in a series of 
zig-zag motions, the direction of the resultant vector being 
the component of the breaking wave front direction which is 
parallel to the shore. Most waves arrive and break at the 
southern Isle of Wight shore from the SW quadrant which, even 
allowing for refraction towards the Undercliff coast, 
determines that the average direction of longshore drift is 
eastward.

Ihere is a possibility that sediment transport may also 
occur in "wave induced currents" (Holmes 1982). These arise 
from variations in the height of breakers in a longshore 
direction. Nearshore cell circulation (Komar 1976) is also 
effective in moving sediment.

In terms of the incident wave climate, probably the more 
important property of the waves is their height, in 
comparison to their period. The sediment entrainment and 
longshore transport mechanisms noted above are likely to 
follow under most breaking wave conditions, and the effect 
will be most relevant to the finer sediment fractions. 
However, it is the more severe wave conditions (i.e. higher 
waves) which dominate coast erosion and design considerations 
for coastal defence structures. Sunamura (1982) has 
demonstrated the considerable erosive power of waves reaching 
an unprotected cliff base, and in particular those waves that 
have mobilized sediment which acts as an abrasive. The 
erosion effect was especially potent when the cliff/beach 
junction lay above mean water level. The greater turbulence 
entailed by higher breaking waves is also a factor of 
importance in mobilizing greater amounts of larger sized 
abrasive sediment load.

A thorough mathematical treatment of the above mentioned 
wave processes (generation, shoaling, transformations, 
breaking, sediment entrainment and longshore currents) is 
given by both Komar (1976) and Horikawa (1978).
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5.1.3 Tides

The tides and tidal currents which affect the southern 
Isle of Wight, and the littoral of the Undercliff in 
particular/ are controlled by the patterns developed in the 
English Channel. The further complications introduced by the 
special behaviour of the Solent tides are discussed by Webber 
(1980); these probably do not have much relevance to the 
south coast of the Island, since the Solent is a complex 
estuarine system in which the relatively simple oceanic 
patterns become affected by shallow-water effects, diurnal 
factors and resonance.

The pattern of co-tidal lines in the English Channel is 
illustrated by Webber (1980, fig. 2) and reproduced here as 
figure 5-3. He notes that high water in the eastern province 
occurs at about the same time as low water at Penzance, and 
that the range is a minimum halfway along the Channel in the 
vicinity of Poole Bay. This pattern of behaviour is said to 
indicate a degree of resonance with the semi-diurnal oceanic 
tide, in contrast to a natural period of oscillation for the 
English Channel of about 10 hours.

A more detailed indication of co-range lines for spring 
tides in the Isle of Wight area is presented in figure 5-4 
(Webber 1980, fig. 4), from which it may be inferred that the 
range of tides varies from around 1.7 m in Chale Bay to about
2.2 m at ShanXlin. At neaps the total range is typically 
half that at springs. From an examination of the co-tidal 
lines in figure 5-3, it is clear that high water at Ventnor 
precedes that of its standard port, Portsmouth, by about 30 
minutes. Ventnor tides follow those at Freshwater by 30 
minutes. The patterns of flow around the Isle of Wight are 
indicated in figure 5-5, which is reproduced from Coles 
(1948). Tidal currents are reported (Guilcher 1958, King 
1959) to have higher velocities near the shore than in the 
open sea. Values of tidal velocity of up to 4 Knots (= 7.4 
km/hour; 2.1 m/sec) cure not uncommon (figure 5-5). This
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arises from the hydraulic gradient which, on a spring tide, 
may be as much as 0.5 m in 12 km. The velocities in the 
vicinity of St Catherine's Point are slightly lower than the 
above value, although there is considerable wariness by local 
fishermen of the tidal "race" which produces large standing 
waves and turbulence as the flow is disrupted off Rocken 
End.

It may be noted that the ebb tide flows westward along 
the Undercliff coast, in contrast to the eastward direction 
of littoral drift. The four (semi-diurnal) changes in 
direction of the tidal current can greatly reduce their 
effect as sediment movers. However, the shorter duration (5 
hours 15 mins) of the westward ebb tide in contrast to that 
of the eastward flood (7 hours 15 mins), and the possibility 
that the direction of flow in bays may be constant as a 
result of fixed eddies (Guilcher 1958), if these are also to 
the eastward, could on balance result in a net eastward drift 
of entrained sediments, adding to that of the littoral 
drift.

Very little information about tidal surges at the 
southern coast of the Isle of Wight is available. Webber 
(1980) discusses Portsmouth records, from which it is 
possible, by making allowance for differences in datum levels 
and tidal ranges, to estimate certain high levels at Ventnor. 
The following water levels with their associated recurrence 
intervals have been derived: +2.1 m O.D. (10 years) and 
+2.25 m O.D. (100 years). Webber notes, however, that storm 
surges do not always coincide with high predicted tides; a 
greater hazard to coasts is attached to the strong winds and 
waves which are often associated with low barometric
pressure.



5.2 COAST EROSION

5.2.1 Description and sources of sediments

The materials in the coastal and littoral zone sure taken 
to comprise not just the mobile beach sediments but rather 
the whole spectrum of potentially mobile deposits, from 
landslip derived colluvium on the foreshore and upper beach, 
to nearshore and offshore boulder reefs.

Colluvium

This term describes broadly all the loose local materials 
Which axe made accessible to removal by the sea on the 
foreshore and upper beach. These materials include talus, 
the steeply-sloping scree heaps or fans of debris abutting 
the coastal cliff (figure 5-6) formed where debris spills 
over the coastal cliff or where the coastal cliff materials 
themselves degrade to such a form. These particular forms 
are generally limited to places along the Undercliff 
shoreline where there are outcrops of in situ lower 
Selbornian and Lower Greensand rocks, viz. from Blackgang 
Chine to Binnel Bay and from Monks Bay to Luccombe Chine. In 
the central part of the Undercliff, between Binnel Bay and 
Monks Bay, the coastal cliffs are formed entirely from 
disturbed or displaced landslipped masses which occasionally 
degrade, slide or fall onto the upper beach. The resulting 
debris often includes huge blocks (figure 5-7). In addition, 
if material spilling over the coastal cliff is very wet, e.g. 
from mudslides in the Gault, it may tend to run out onto the 
beach in lobes. This kind of debris is, however, referred to 
under the omnibus term colluvium.

All the colluvial materials which contribute to the 
sedimentology of the coastal and littoral environment derive 
from the Undercliff itself. The removal of the colluvium by 
waves at high tides and during onshore storms may therefore 
be viewed as the ultimate stage of transportation of the 
landslip deposits and eroded coastal cliff debris.



161

Beach sediments

The shore of the Undercliff is not distinguished by many 
good beaches nor by great accumulations of sand-sized 
sediments. It is probably more accurate to describe the 
shoreline as rocky and interspersed with small sheltered 
coves and bays where finer materials are deposited (figure
5-8). The main recreational beaches include Chale Bay# below 
Blackgang, Ventnor Bay and Monks Bay, Bonchurch. The fine 
sands which at times distinguish these beaches axe rather 
uncommon elsewhere. The majority of the other beaches and 
coves of the Undercliff axe remarkable for their 
accumulations of pebble-sized sediments. In a chapter titled 
"The Red Beach”, Norman (1887) describes the rounded pebbles 
as "varying in size from a large bean to a shall shot”, 
reddish-brown in colour, and said to consist of up to 95% 
flints.

The origin of the "pea gravel" or beach shingle is fair 
from certain. Several theories have been proposed, all 
relying on the observed eastward propagation of the sediments 
under the influence of littoral drift, tidal currents and 
wind-driven waves. Webster (in Englefield 1816) attributes 
the probable source to the Shingles Bank near Hurst Point. 
On the other hand, Martin (1849) and Norman (1887) regard the 
predominantly flint lithology as evidence of the material 
being derived from the submerged chalk ridge in Christchurch 
Bay west of the Needles. Such an origin may, indeed, 
partially explain the existence of the Shingles Bank itself. 
Mr M G Barrett, of Consulting Engineers Lewis and Duvivier, 
states (pers. comm.) that the main source appears to be the 
plateau gravel beds between Compton Bay and Brighstone. It 
is Mantell' s (1847) opinion that a small proportion of the 
deposit, consisting of veined quartz and chalcedony, derives 
from the submerged Wealden strata owing to mineralogical 
similarity to certain Wealden strata elsewhere in SE 
England.
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It is very likely that much of the beach sediments, both 
finer and coarser than the pea gravel, have a far more local 
provenance in the Undercliff itself or in immediately 
adjacent areas. Mr Barrett (pers. coram.) remarks, for 
example, on the different appearance of the beach materials 
east of Ventnor and suggests that the angular chert shingle 
accumulated at Bonchurch and Monks Bay has been locally 
derived from the cliffs of chalky landslip debris between 
eastern Ventnor and Bonchurch. The pea gravel is, while not 
in evidence on the beaches here, said by local fishermen to 
be present on the sea bed just offshore. Similarly, the 
demonstrated recession of the coastal cliffs in Chale Bay 
might be expected to contribute enormous quantities of 
sand-sized materials to the nearshore beaches of the western 
Undercliff under a regime of predominantly eastward littoral 
drift. The same is true of the removal of all colluvial 
materials from the Undercliff shore. The finer fractions 
are, of course, rapidly lost in suspension, but the coarser 
sands from both the Lower Greensand and the Selbornian Groups 
may be expected to be mobile in the longshore sedimentary 
system for some time. The very coarse cobbles and boulders, 
which are not very mobile, reflect clearly their provenance 
in the nodules and cherty beds of the Upper Greensand.

Reefs

The intertidal and nearshore zone is predominantly rocky 
in character. Prom the very limited evidence available to 
the writer, principally a walk-over survey at low spring tide 
and information from relevant vertical air photographs, it is 
surmised that scattered boulder accumulations and reefs 
occupy much of the zone (figure 5-9). Prom the nearshore 
bathymetry it is further inferred that these reefs either 
rest on or are formed in a gently-sloping wave cut platform. 
Between Blackgang and Binnel, and Bonchurch and Luccombe, 
this is probably cut into the in situ Sandrock and 
Ferruginous Sands strata which are exposed also in the 
coastal cliffs. It was remarked by Webster (in Englefield 
1816) that Gault was "frequently observed along the shore",
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as for example in the western part of Ventnor Bay. The 
outcrop is no longer visible.

It was suggested in 5,1*1 that the reefs off the 
Undercliff could be the resistant "lag” or residual deposits 
from ancient fall or rocks1ide debris or landslip deposits of 
the coastal cliffs. This would imply that the reefs are 
probably formed of the harder blocks of the Upper Greensand 
(mainly Chert Beds), since there acre few beds with similar 
durability in the Lower Greensand. The Carstone Formation, 
especially from the Dunnose and Luccombe coastal cliffs, is, 
however, partially lithified to a weak ironstone, although 
the huge fallen blocks acre rapidly abraded and rounded auid 
could not be expected to form major reefs.

5.2.2 Coast erosion and sediment movement

Sediment movement in the littoral zone is effected by at 
least three major mechanisms of the nearshore marine 
environment. These have been noted above and include 
longshore (or littoral) drift, wave-induced currents, and 
tidal currents. These processes and their effects are 
discussed in detail by King (1959), Komar (1976) and Horikawa
(1978). It is not proposed, nor within the scope of this 
study, to distinguish quantitatively the relative importance 
of these in moving the beach sediments of the Undercliff. 
Owing to the likely shorter duration and reversing tendencies 
of the tidal and wave-induced currents, it is suggested that 
longshore drift is probably the predominant long-term force 
in sediment transport. The geomorphological effect of the 
movement can, however, be observed over time periods of 
sufficient duration for changes to become evident. These 
include the recession or progradation of shoreline limits, 
such as high and low water marks, and changes in the 
composition of beach materials.
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The recession of coastal cliff outlines is a certain 
indication of the movement of the colluvial materials, 
howsoever they axe derived. A comparison of the different 
editions of the Ordnance Survey maps quickly reveals the 
extent of coastal cliff recession, although details of the 
rates, processes and mechanisms of the recession sure dealt 
with in following chapters, especially 8.3.2. The colluvial 
materials forming and abutting the coastal cliffs are removed 
by waves, carried offshore, sorted and then either 
redeposited or carried along the shore under the influence of 
the littoral drift. As noted in 5.2.1 the mobilized 
colluvial materials add to the shingle of the beach sediments 
and, as a result of being more continuously moved about, 
these sediments together tend to become sorted further. 
Again the influence of the eastward longshore drift is 
predominant, an inference which is substantiated by 
historical observations.

Significant changes in littoral conditions along the 
Undercliff are indicated by Webster's report (of 1811, in 
Englefield 1816), that the beaches below Steephill had become 
choked by the coarse shingle which, in the space of the 
preceding two decades, had replaced a deposit of fine sand, 
liXened by Webster to that in Sandown Bay. He continues 
"...Fifty years back, there were no shingles east of Rocken 
End; but they have now entirely covered the whole of the 
shore from that place to Bonchurch”. Webster attributed the 
eastward movement to the tides "which are said to be more 
rapid here than formerly, owing probably to the wearing away 
of many points of land and rocks, that projected into the 
sea". As the tides do, in fact, reverse their direction of 
flow (figure 5-5) Webster may thus have been referring to 
longshore drift.

Martin (1849) cites evidence from old local fishermen 
that around c. 1810 "no small shingle existed in Mill Bay, 
Ventnor, but that the beach was composed of large round 
pebbles"', and that these "were larger than those which cover
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the shore at the present time". Martin's authority confirms 
that no shingle existed, either here or eastward of the 
Needles, in the late 18th century. The coarser shingle 
appears to have found its way by 1849 to Sandown Bay, 
replacing in turn the sandy beach mentioned by Webster (in 
Englefield 1816).

In addition to the important longshore sediment 
movements, there is a continual onshore/offshore flux which 
is controlled principally by waves. It is well known (e.g. 
Guilcher 1958) that the sedimentary features of the nearshore 
and beach environment cannot be regarded as being established 
permanently. Even those features which appear to have lasted 
unchanged for decades or centuries are probably in a 
steady-state or dynamic equilibrium, involving a balanced 
sedimentary budget of inputs and losses. Changes to the 
equilibrium are brought about by changes in the supply or 
withdrawal of the mobile materials, or by changes in the 
energy of the environment. Thus it is that the landforms 
such as dunes and bars are conventionally regarded as 
temporary sedimentary reservoirs in an open environmental 
system. For example, beaches may be depleted during storm 
events through the energy and sediment entrainment 
characteristics of the short-period waves, the material 
moving offshore to form temporary bars; whereas with the 
return of long-period swell waves the beaches are rebuilt.

Such effects are often seasonal, or may be the result of 
unusual climatic events with a longer return period. The 
owners of Sandrock Spring, near Blackgang, observed the beach 
below their house to have been temporarily scoured of its 
loose deposits during the spring of 1963, exposing the 
wave-cut platform developed in the sand and clay strata of 
the Ferruginous Sands formation. It would seem that this 
kind of beach depletion is not uncommon in the Undercliff, as 
Martin (1849) remarks on "the frequent removal and 
re-deposition of the pebbly fragments”. It is further noted 
by this author that the temporary removal of the shingle is
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"almost invariably" followed directly by the deposition of 
fine sands.

There is, by contrast, very little evidence of movement 
of the reefs. it is, of course, unlikely that the reefs 
formed from resistant in situ Lower Greensand strata will be 
altered, other than by downwearing. An examination of the 
Ordnance Survey maps, with respect to the outline of the low 
water mark, shows virtually no alteration in position with 
successive resurveying. This is an indirect indication that 
the boulder reefs off the CJndercliff shore have been stable 
since at least 1862.

There are reports (Norman 1887, Wheeler 1902) that a 
large portion of Rocken End was broken up during a storm in 
1825. The larger blocks added, presumably, to the offshore 
reefs hereabouts. Such a change to Rocken End could be 
related to Webster's suggestion (in 1811) of the "wearing 
away of many points of land and rocks" which had allowed the 
shingle to be swept past Rocken End and onto the Undercliff 
beaches. However, the dates of these apparent changes are 
not synchronous. In the absence of reliable descriptions of 
the nature of the beach sediments prior to the mid-18th 
century, it is difficult to state how significant or 
permanent a change the appearance of the shingle represents. 
That the change was effected over a span of 20 to 50 years 
prior to 1811 suggests, however, that the alleged alteration 
to Rocken End and the nearby reefs in just one storm event, 
late in the course of the shingle accretion, is a most 
unlikely factor.

5.2.3 Effect of man's activities

There is no evidence of the removal of beach materials 
from the Undercliff in large-scale quarrying or mining 
operations. Local residents no doubt adorn their homes with 
small rocks gathered from the beaches, but this is hardly
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significant.

It is known that commercial dredging of the Solent Bank 
and Pot Bank shingle deposits west of the Isle of Wight has 
been carried out. Waite (1966) reports that almost 2 billion 
hi3 were permitted to be removed in 1965. The extent to which 
this may or may not affect the littoral sedimentary 
environment of the Undercliff is impossible to determine 
without futher detailed studies of the provenance and 
movement patterns of the shingle. Mr G Innes (pers. comm, to 
Hutchinson) reports that the Hydraulics Research Station has 
begun a study, on behalf of the Crown Estate Commissioners, 
of the shingle banks west of the Island, and of erosion of 
the NW coasts, which may be related to the dredging.

It is clear that the rocky reefs have been modified by 
man's activities in the past. In Reeth Bay, Puckaster Cove 
and probably in Monks Bay navigation passages have been 
cleared through the shallow nearshore reefs for the use of 
the local fishermen.

The construction of a harbour in Ventnor in 1863-64 
entailed the removal of a point of land known as Collins' 
Point which had, apparently screened Ventnor Esplanade from 
easterly winds and retained the eastward drifting shingle 
(Hutchinson Reconn, in prep.). The position of Collins' 
Point is not marked on the contemporary maps; Mr M G Barrett 
(pers. comm. ) considers that it lay at about SZ 566773. 
Norman (1887) mentioned the attempted removal of a ledge and 
rock "during the construction of a pier in 1865", although 
the account by Payne (1980) records no construction, but 
rather rapid deterioration of the harbour breakwaters, taking 
place during 1865. The pier was not begun until late 1871. 
From Payne's description of the harbour breakwater 
construction, it would seem that the western arm took in Lion 
Rock (SZ 56347726), extended over a ledge of rocks, possibly 
the same referred to by Norman, and terminated on the Bean 
Rock (SZ 56437723). A second arm lay just over 200 m to the
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east. This eastern breakwater was almost entirely destroyed 
by storms in early 1867* leaving the western one in a 
’’shattered condition”. The remnants were sold at this time 
and probably partly dismantled to recover the timbers. Later 
storms in early 1873 completely swept away the remaining 
structures (Anon 1873). From the configuration of the 
breakwaters it is apparent that the eastern one occupied the 
site of Collins’ Point.

The effect of the removal of Collins' Point during the 
construction of the harbour has implications for the 
longshore movement of the beach sediments. It is unlikely 
that considerable losses from Ventnor Bay would have taken 
place during the three years that the breakwaters stood 
firmly* and it is possible that the remnants of the western 
arm were effective in retaining the drifting shingle until as 
late as 1873. This is especially probable in the light of 
Norman's observation that the removal of the rocks nearly a 
decade beforehand was unsuccessful.

The effect of greater storminess cannot therefore be 
overlooked as an important factor affecting the movement of 
beach materials, in addition to their retention by natural or 
artificial barriers. Payne (1980) notes that in October 1864 
a succession of gales which damaged the harbour while it was 
under construction also resulted in part of the Esplanade sea 
wall collapsing over a length of nearly 20 m "due to the 
Harbour Company's workings”. It is not clear* however* 
whether the "removal” of Collins' Point is implied here. 
Further severe storms damaged the breakwaters in September 
1866* and those in the winter of 1872-73 and in September 
1874 undermined the sea wall of the Esplanade (Anon 1873, 
1874a). It may be concluded that the undermining was 
contingent on the removal* presumably mostly after 1873* of 
beach materials. Of some relevance is the apparent 
progradation of the shoreline at Dunnose, exhibited by the 
position of the high water mark, during the period between 
successive O.S. surveying in 1862 and 1896. This could be
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due to a greater accumulation of beach deposits whose 
presence might be accounted for by the eastward longshore 
movement of Ventnor beach materials.

As a result of the undermining and associated failure of 
the sea walls the Ventnor Local Board was led to ask the 
Government for the sanction of works to maintain the western 
Esplanade. In consequence of this application an inquiry was 
held by am Inspector from the Local Government Board, a Major 
H Tulloch, who first visited Ventnor on 24th September 1874 
(Anon 1874b). In October 1874 he concluded that the removal 
of Collins' Point was the cause of the problems and 
recommended that it be replaced by a solid groyne (Anon 
1874c, Tulloch 1875). This structure, which lies 
approximately 260 m east of Ventnor Pier, amd three timber 
groynes further west seemed to remedy the situation 
(Whitehead 1911). Mr M G Barrett (pers. comm.) confirms that 
there is currently a total absence of littoral drift past 
Collins' Point groyne, but qualifies the remark by noting 
that the groyne has had no beneficial effect in accumulating 
beach material over the eastern paxt of the Esplanade. The 
existence of the present beach at Ventnor must therefore be 
attributed to the efficiency of the groynes further west.

In conclusion, it cannot be stated with certainty that 
beach erosion would not have occurred naturally anyway during 
the storms of the 1860s and 70s, irrespective of the 
interference with Collins' Point. Neither is it certain that 
scour of Ventnor beach will not occur under erosive storm 
conditions in the future.



5.3 COAST PROTECTION

5.3.1 Vulnerability of unprotected coast

The natural relative vulnerability of the land forms and 
materials forming the coastal cliffs may be taken as an index 
to the amount of potential erosion which the unprotected 
shore could suffer. The notion of protection of the coast 
implies that a deleterious change in the integrity and 
stability of the slopes at the land-sea interface could occur 
as the result of the temporary or permanent entrainment and 
removal of the colluvial, beach and reef sediments. While in 
purely geological terms this may be viewed as a natural 
geomorphological process, the consideration in engineering 
terms of the potential hazard to the structures, recreational 
facilities or activities of man at and near the shore 
requires that some regard be given to coast protection where 
the shore is most vulnerable to loss or destabilization.

The need to protect these facilities increases in 
proportion to their value and the length of time they are 
expected to be in use. For example, beach scouring during 
the winter storms does not affect significantly the 
recreational use of the beaches by holidaymakers in the 
summer, although a permanent loss or change would probably 
have an immediate socio-economic impact owing to the local 
reliance on income from tourism. A slightly worse example 
might involve the loss of coastal footpaths or access tracks 
to the beaches, or damage to boat houses. These can be 
relatively easily replaced or re-sited. The dividing line 
between acceptable and unacceptable natural changes to the 
shoreline seems closely related to the protection of 
structures such as houses, roads and sea walls. The latter 
cure dealt with specifically below. Clearly the worst
possible consequence of unbounded coastal erosion would be 
the wholesale reactivation of the landslide complex, 
involving the possibility of damage to structures and 
services several hundred metres inland as well as those
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directly on the shore, owing to the loss of natural toe 
restraint. It is this potential reactivation to which the 
present discussion of the littoral and coastal envirnoment of 
the Uhdercliff landslides is primarily addressed.

An indirect approach to an assessment of the 
effectiveness, and the location, of natural coast protection 
is through the longevity of structures and in the patterns of 
land use development, particularly urban. The siting of, for 
example, the ancient church of St Boniface, Bonchurch, 
testifies to the likelihood of a low vulnerability to erosion 
or, conversely, to a measure of good natural protection. 
Three categories of landforms and/or deposits affording a 
measure of natural protection are suggested: (i) the large 
aprons and blocks, (ii) the smaller rocks and reefs, and
(iii) the beach shingle.

The first category, providing perhaps the most profound 
long-term influence on Undercliff toe stability, includes 
those components of the landslide geomorphology which present 
the most effective physical barrier at the toe of the slide 
complex. Two kinds of large-scale toe landforms in this 
category are the great debris aprons and the huge landslipped 
blocks, often backtilted and displaying undisturbed, although 
displaced, stratigraphic sequences. The detailed siting of 
these is discussed in the following chapter. Examples of the 
aprons are seen at St Catherine’s Point and Binnel Point, 
while the large blocks occur at Woody Point and the part of 
shoreward western Ventnor known previously as "Western 
Lines", near Steephill. The resistance of these features 
accounts for their relative prominence in plan on the 
coastline (figure 5-10). Similarly, the aprons present in 
the long-term (i.e. several thousand years) an effective 
barrier since, although they suffer retrogression by small 
rotational slides and falls, their rate of recession in 
comparison to their width is very slow. Only at their 
seaward margin do structures occasionally suffer: the St 
Catherine's Point lighthouse, constructed in 1838-40, "began
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to show signs of slipping" in 1875 (Dunning 1951). The fog 
signal also was removed in 1932 back from the edge of the 
cliff, where it had become unsafe as a result of erosion and 
subsidence.

A second category of natural coast protection, related to 
the first but of a much smaller scale and less effective, 
includes the outcrops of large rocks and reefs on the shore 
itself (figure 5-10). The removal of fallen colluvial 
materials during the recession of the debris aprons leaves at 
the shore a residual deposit of the larger blocks which 
cannot be entrained by waves. Rocky promontories such as 
Rocken End appear to have altered little in plan outline 
since the first edition O.S. map (surveyed 1862). It was 
noted above that the outline of the reefs, such as those 
offshore from Bonchurch, has not altered greatly either. It 
is in large measure the durability of the blocks of Upper 
Greensand (Chert Beds, and nodules and concretions from the 
Malm Rock) which accounts for their endurance in the 
foreshore zone of high wave energy. The effectiveness of 
these rocky shorelines and reefs is in reducing the energy of 
the approaching and breaking waves. Erosion of finer 
materials from coastal cliffs (e.g. talus from cliff falls) 
is not prevented during occasions of onshore wind-driven 
waves and storminess but under average weather conditions the 
rocky shores present a natural and generally adequate form of 
coast protection.

The third category of natural protection is the one with 
the least long-term reliability, but one which for probable 
aesthetic reasons has been held responsible for considerable 
apparent cliff stabilization, viz. the build up of the coarse 
shingle deposits during the early 19th century. It is 
appropriate to cite Martin (1849) directly:

"I have no doubt that it is to this cause that the coast 
[at Ventnor Bay] has ceased to be encroached upon by the 
sea in the same way it used to be in former years. 
Certain it is, that within my knowledge, the shore about 
Mill Bay has been "made" very much with these 10 or 11
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years, and the annual wearing away of the soil in that 
part of the cove called the "Chicken Pits", no longer 
occurs; and houses have been built, and an esplanade 
constructed on ground, which, at a former period, the sea 
appeared inclined to claim as its own. The cliffs below 
Steephill have been much destroyed during the last few 
years; but the work of destruction appers to be arrested 
at the present time; and, I believe, from the same cause 
which has saved the shores of Mill Bay, namely, the 
deposit of this shingle, which increases year by year. 
The same remark may be applied with respect to the coast 
between Ventnor and Bonchurch; some of the bold headlands 
and cliffs had suffered for years from the gradual 
encroachments of the sea, which sapped their softer 
foundations and brought down huge masses each succeeding 
season. A shingly beach has now been formed to some 
depth, and the destruction of many a noble promontory 
arrested."

Almost certainly the impression of stability of the 
beaches and coastal cliffs near Ventnor, albeit over periods 
of several decades, led to the urban, commercial and 
recreational developments which a few years later were 
subject to great hazard, damage or destruction by storms when 
the shingle beaches were scoured. The failure to recognize 
the mobility of the deposits under storm events with quite 
long return periods may therefore account directly for many 
of the problems which have arisen subsequently in protecting 
and stabilizing the whole Steephill to Bonchurch urban 
shoreline by artificial means.

It follows, furthermore, that shingle accretion cannot be 
considered seriously as a useful long-term form of natural 
coast protection; however, its removal is not likely either 
to stimulate major instability in the Undercliff landslides 
as the naturally resistant materials of the second category 
will probably be exposed progressively and tend to prevent 
rapid recession.

5.3.2 Artificial protection measures

There are three main kinds of artificial protection 
structures used in the Undercliff, comprising (i) solid sea
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walls, (li) permeable sloping timber breastworks or 
revetments, and (iii) groynes.

The purpose of groynes is to control the longshore 
movement of beach sediments by retaining and accumulating the 
moving sand and shingle on their western side. Groynes are 
used in conjunction with sea walls, which merely prevent the 
access of waves to the loose, erodible materials of the lower 
coastal cliffs. The sediments accumulated behind the groynes 
and in front of the sea walls provide a reserve against 
scouring and undermining.

The building, generally between 1967 and 1973, of 
permeable revetments to protect the coastal cliffs of chalky 
debris between Ventnor and Bonchurch is an attempt not so 
much to prevent the sea reaching the foot of the cliffs as to 
retain the shingle deposited by the waves. The use of this 
kind of structure is an implicit acknowledgement of the 
difficulty of founding solid structures in an environment 
subject to scouring and undermining - damage which has 
already occurred to some of the older sea walls. Also the 
almost prohibitive economics of placing a solid structure 
along the stretch of shore with probably the least urban 
pressure dictated instead the use of a cheaper replaceable 
structure with a shorter natural life.

The extent of artificial protection along the Undercliff 
shore is illustrated in figure 5—11. It will be observed 
that all three kinds of artificial protection measures are 
used along the continuous 2.5 km stretch of shore between 
western Ventnor and Bonchurch. Elsewhere the use of groynes 
and short lengths of sea wall is of only local importance 
(e.g. Reeth Bay, Puckaster Cove, Steephill Cove) and many 
structures have lapsed into dilapidation, as at Dunnose and 
Puckaster Cove. It is of interest to note that a masonry 
breakwater and sea walls were built at the eastern end of 
Binnel Bay by Mr W Spindler, who lived at Old Park, to 
protect his land. They seem to have been built after 1862,
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as they do not appear on the 1st edition is2500 scale 0. S . 
map. According to E A Martin (1925) these walls were never 
quite completed and they are now largely ineffective.

The first sea walls and groynes in Ventnor and Bonchurch 
were, similarly, almost all constructed after 1862, and 
appear in virtually their present configuration on the 2nd 
edition O.S. map (of 1896). It is clear from Martin’s (1849) 
description of the shingle beach (5.2.1) that an esplanade 
was constructed during the 1840s and this would almost 
certainly have been supported by a sea wall. Payne (1980) 
records the probable erection of a first breakwater and 
landing place at the western end of Ventnor Bay in 1843. It 
was apparently built of solid stone, but without cement, and 
was destroyed by the sea shortly afterwards. Martin (1849) 
confirms the illegal "quarrying’’ of the stone at low tide for 
later sea wall repairs. In 1863-64 the breakwaters of the 
ill-fated harbour were built by driving two lines of piles 
about 9-12 m apart, each row being lined with planking, and 
the enclosed space backfilled with stones, rocks and soil. 
The derelict groynes elsewhere exhibit indications of a 
similar construction method. The more durable surviving 
examples of sea walls and groynes are made from cemented 
stone and, more recently, reinforced concrete. The placing 
of concrete tetrapods before the sea walls to expend the 
power of the breaking waves has further added to the 
protection of the eastern Ventnor shore.

The locations of the existing protection structures seem 
historically to have been dictated by the above-mentioned 
pressures of urban, commercial and recreational developments 
and in response to problems arising from the mobility of the 
beach sediments, later complications associated with 
disruption to the natural longshore movement of the 
sediments, and the consequential renewed erosion of adjacent 
coastal cliffs. In an article entitled "Island is losing its 
war against the sea" (Anon 1969) it is noted that the 
considerable cost of coastal defence is far beyond the means



176

of the domestic ratepayers whose contribution in 1969 to the 
"anti-erosion campaign” was 1.04%. It is further 
acknowledged that special Government grants of up to 80% of 
the capital required are possible "in cases where land of 
high rateable value, large groups of houses, or major roads 
and public services are in jeopardy". These kinds of 
socio-economic priorities dictate that expensive protection 
measures are closely site specific.

Hutchinson (1982b) discusses ideal coast protection 
strategies, including the all-important site investigations, 
and defines two principal components of coastal cliff 
stabilization as the halting of marine erosion and the 
stabilization of the cliff slopes. In the Ventnor-Bonchurch 
area the pressure of urban land use at the top of the cliff 
slope means that the application of the latter measures, 
involving such methods as modifications of slope profile, 
drainage or restraining structures, would be economically and 
technically difficult. It is, however, pointed out by 
Hutchinson that it is not always necessary, having arrested 
marine erosion at the toe of the slope, to undertake works on 
the cliff slopes. This kind of solution seems to have worked 
well for the protected shorelines in the Undercliff, where 
instability of the coastal cliff slope itself seems to be 
more closely related to marine attack at the foot than to 
movements of the landslides behind.

The performance of the sea walls, groynes and revetments 
has therefore been largely satisfactory in protecting the 
foot of the coastal slope and in lending a measure of 
resultant stability to the slopes. This comment is, however, 
qualified by the following observations. Firstly, it would 
appear that the short protected length of Carstone cliffs at 
Monks Bay has been subject to slope instability, apparently 
of some antiquity, as attested to by Martin (1849). In early 
1952 the thick concrete sea walls were caused to crack and 
topple over (Anon 1952a). Hutchinson (1982b) warns generally 
of such eventualities following the construction of toe
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protection measures.

A second comment on the integrity of coast protection 
structures is addressed to the effect they have on the 
environment of mobile beach sediments. It has been 
recognized, at least since the time of the harbour 
construction at Collins* Point (5.2.3), that any kind of 
interruption or adjustment to the natural dynamic 
equilibrium, sources or mobility of beach sediments will, 
even if applied successfully at one particular site, have 
unknown and proabably deleterious consequences elsewhere. 
Thus it was noted with dismay that the building of the 
permeable revetments to protect the vulnerable cliffs of 
chalky landslip debris between Ventnor and Bonchurch had been 
closely followed by scouring of the beaches at Horseshoe and 
Monks Bays, Bonchurch. Mr M G Barrett (pers. comm.) believes 
that a steady flow of material from the eroding cliffs 
accounted for the high beaches that used to exist. Poliowing 
the protection of these cliffs, the dynamic equilibrium was 
upset and much of the finer sediments and shingle at 
Bonchurch moved away eastward and these have not been 
replaced by much new material, thus causing the beach to 
become relatively depleted and scoured. It was apparent that 
this in part resulted in the accelerated deterioration of the 
old solid groynes and sea walls through undermining. The 
remaining angular chert shingle, retained inadequately by the 
old groynes, also has a "particularly vicious effect on the 
breastworks and sea walls” (Barrett pers. comm.). It is 
clear that this kind of breakdown could ultimately lead to 
the sea attacking the coastal cliff once more. One proposal 
which may alleviate the problem involves beach nourishment 
west of Horseshoe Bay (Barrett pers. comm.).

The ultimate effect of uncontrolled coast erosion on the 
stability of the Undercliff landslides is examined and 
modelled numerically in chapter 8, although it may be 
concluded from the above discussion that a great proportion 
of the shore line is adequately protected either naturally or
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artificially. The recession of unprotected Lower Greensand 
coastal cliffs and its relation to the stability of the 
Undercliff landslides is a complicated problem, involving 
both the action of other processes such as seepage erosion, 
and the development of a complex cliff morphology of lower 
undercliffs. Discussion of these factors is also reserved 
until chapter 8.



Table 5-1 Unpublished hydrographic survey charts of the area offshore from the Undercliff 
(Hydrographic Dept., Ministry of Defence, Taunton)

Chart No. Scale Date of Survey Soundings in

E .8663 1 * 53,700 1949 fathoms and feet

K. 5076/1 1 i 20,000 1966 fathoms and feet

K. 6874/1 1 t 50,000 1971-73 metres

K. 6874/3 1 s 50,000 1975 metres

K. 8672/1 1 : 50,000 1981 metres
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Figure 5-1. Bathymetry of the area offshore from the Undercliff coast, compiled from 
unpublished data (courtesy of Hydrographic Dept, M.O.D., Taunton).

180



Figure 5-2. Wind and wave recording sites near the Isle of Wight. The circles of the 
"wind roses" represent 5% of the directional data.
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Figure 5-3. Co-tidal and co-range lines for the English 
Channel (after Webber 1980).

Figure 5-4. Co-range tidal lines for the Solent and Isle of Wight (after Webber 1980).
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Figure 5-5. Tidal directions and current velocities (in knots) around the 
Isle of Wight (after Coles 1948). Note: H.W. at Ventnor is 15 - 20 minutes earlier than at Dover.
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Figure 5-6. Coastal cliffs below Blackgang in summer 1978, 
showing build-up of loose landslip deposits (colluvium) from 
landslide 100 m above. All material had been eroded by 1980, 
once more exposing strata in cliffs. In the background 
prominent white sandrock bed (unit 2a) at base of Sandrock 
formation may be seen, together with three uppermost units of 
underlying Ferruginous Sands formation.

Figure 5-7. Coastal cliffs formed from landslipped debris 
(apron) at Binnel Point. Large blocks of resistant Chert 
Beds prevent most waves from attacking more erodible chalky 
debris which, in its upper parts, appears mantled by 
landslipped Gault material. Organic horizons (Sites 2 and 3, 
see chapter 3) located in this vicinity.
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Figure 5-8. Example of occasional sandy coves found along 
the Undercliff coast. This one, Woody Bay, is adjacent to 
great landslipped block forming Woody Point, on right, in 
which some undisturbed stratification may be seen 
(back-tilted to landward by up to 65°). The Undercliff rear 
scarp behind St Lawrence visible in the background, where 
Upper Greensand has thin capping of Lower Chalk.

Figure 5-9. coast at Puckaster Cove, illustrating nearshore 
rocky reefs in which navigation passages have been cleared by 
local fishermen. Seaward slopes of the Undercliff are here 
formed in Sandrock and Carstone strata, overlain by lower In 
situ Gault which is affected by shallow rotational slides.
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6. GEOHDRPHOLOGY OF THE LANDSLIDES

6.1 INVESTIGATION TECHNIQUES

6.1.1 Air photography

An obvious first step in the surveying and mapping of the 
landslides forming the Undercliff was the collection and 
examination of most of the known air photographs. The search 
involved contacting both public and private organizations, 
including the Air Photographs Unit of the Department of the 
Environment, the Ordnance Survey, the University of Cambridge 
(which has its own air photograph unit), and several 
commercial companies. The latter were approached at the 
stage of inviting tenders for the contract to supply recent 
air photographs and undertake photogranmetric mapping.

The majority of the existing air photography was in the 
form of vertical overlapping images which are used 
stereoscopically for measurement and mapping purposes. A 
summary of the collection of vertical air photographs is 
presented in table 6-1. These are thought to represent 
virtually all the coverage of the southern isle of Wight ever 
undertaken in Britain. (Enquiries to the Military Archives 
of the Federal Republic of Germany were unfruitful!). The 
early (1946) R.A.F. sortie is understood to be no longer 
available owing to chemical deterioration of the original 
negatives. The variety of scales of the photographs 
suggested that considerable information could be extracted 
usefully from such a comprehensive coverage. In the event, 
it was found with disappointment that coastal features of the 
size of the Undercliff were very poorly resolved at scales 
smaller than about 1:10,000, even under magnification in the 
stereoscope. In one sortie (OS/75/018:lR) taken in the 
visible infra-red spectrum for tidal survey purposes, the 
land is also poorly distinguished. The spread of dates of 
the remaining, more useful sorties suggests that visible
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changes, such as the recession of actively eroding 
shorelines, would be well shown up. This has, indeed, proven 
to be the case, particularly for the extensive coverage 
available in the last decade. Successive examination of 
identifiable features, such as houses, roads or cliff tops, 
has allowed not only the patterns of change in the actively 
sliding zones to be monitored and dated, but also the 
information on the published large-scale maps to be 
augmented.

It was in recognition of the desirability of having the 
most up to date information that two new sets of vertical 
photographs were commissioned during the course of the study. 
Hunting Surveys Ltd undertook the earlier contract in March 
1980, producing a sortie (HSL/UK/80/7) with a scale chosen 
for convenience of use in photogrammetric mapping (see
6.1.2). In April 1981 the University of Cambridge produced 
specially a very large- scale (Is4000) set of vertical 
photographs of the Undercliff (RC8-DS). It was hoped that 
these could be used in a comprehensive stereoscopic survey of 
the geomorphology of the landslides.

Unfortunately, two factors prevented the full use of air 
photography in the manner intended. Much of the land area of 
the Uhdercliff is covered with woods or undergrowth which, 
even in the photographs taken during the winter, obscures 
effectively the detailed morphological outlines being sought 
on the ground. A second, almost self-evident, deficiency of 
the vertical imagery was in presenting the near-vertical 
slope features. This difficulty was exacerbated in many 
cases by the flight line of the photographic run being 
somewhat landward of the coast, thus causing some features to 
be hidden below the brow of the high cliff at the back of the 
Undercliff. The steep topography can also cause some 
features to be cast into deep shadow.

Partly in consequence of the latter problem, two sets of 
oblique air photographs were commissioned, in May and August
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1980/ from Aerofilms Ltd. This collection augments an 
already considerable one selected from the Cambridge 
University Collection which has some historically useful 
photographs dating from 1948, as can be seen from the summary 
table 6-2. The benefits of this impressive combined 
collection far outweigh their cost; reference to the oblique 
photography has proven invaluable in establishing 
stratigraphic relations in the cliff exposures, in tracing 
physical changes on the ground, and in providing a quick 
visual overview of parts of the Undercliff which is not 
always possible at ground level. This is reflected in the 
use of these air photographs as illustrations below, owing to 
the difficulty of taking representative terrestrial 
photographs for geomorphological purposes.

6.1.2 Topographic maps

It was envisaged at the outset of the project that a 
complete set of large-scale topographic maps would be needed 
for both field and office use as base maps. No suitable maps 
already existed. Those published by the Ordnance Survey 
showing contoured relief were inadequate in all cases because 
their scales were too small or the vertical interval was too 
coarse. A new series of 1:10,000 scale sheets with 5 m 
contours has recently been published; however, the relevant 
coverage of the southern Isle of Wight was not yet available 
in 1982. The scale was, in any case, marginal for the survey 
requirements. The O.S. 1:2500 scale series was ideal for 
this purpose, although lacking in relief information other 
than spot heights and O.S. benchmarks.

It was therefore decided to use the 1:2500 scale O.S. 
mapping as the basis for the Undercliff map coverage (figure
6-1) and to superimpose relief by means of photogrammetry. 
The contract to do the photogrammetric mapping was tendered 
competitively among several companies, and Hunting Surveys 
Ltd were successful. By arranging for their own air
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photography, fortunately possible early into the project 
(March 1980), the mapping was completed at a conveniently 
early date, and did not require ground control levelling as 
the existing spot height and benchmark coverage was adequate. 
The selected vertical interval was 2 m which, according to 
Hunting Surveys* contractual obligations, guaranteed an 
accuracy to ±1 m in level in 85% of all elevations, with not 
more than 5% in error by more than 2 m. The same difficulty 
of the ground being obscured by trees arises with photo- 
graxnmetric mapping as was noted above. In this case the 
guaranteed accuracy clause specifies that **additional 
tolerance will be permitted". The set of maps produced by 
Hunting Surveys Ltd comprises seven sheets which, when laid 
out end on, follow the coast from Whale Chine, in Chale Bay, 
to Shanklin Chine (figure 6-2). The two sheets (numbered 1 
and 7) at either end are largely redundant for the survey of 
the Uhdercliff, the extent of which was defined in 1.1 to 
include only the area between Blackgang and Luccombe Chines. 
The extra coverage was commissioned in the expectation of 
furthering studies of the southern Isle of Wight coast, as, 
for example, into Lower Greensand cliff recession (Hutchinson 
et al. 1981b). The official sanction of the Controller of 
H.M. Stationery Office to reproduce the requisite portions of 
their maps was obtained through Hunting Surveys Ltd.

As a result of some especially good quality large-scale 
vertical air photography being available in the Cambridge 
University Collection it was decided during the course of the 
project to have another topographic map made by 
photograxranetry. Hunting Surveys Ltd undertook this work 
also. One sheet at 1:1250 scale was produced of the area 
between Blackgang Chine and Rocken End, although this time 
the base map details were derived directly from the 
photography and special ground control levelling was 
required. The need for this particular large-scale mapping 
arose out of the desire to report in detail the circumstances 
of the great landslide which affected part of the area in 
March 1978 (see 7.4). Two sets of air photographs were
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available: the Whole sheet was prepared using photography of 
April 1978, while an overlay of just the undisturbed area of 
the slide was prepared from photography of May 1977. The 
vertical contour interval on these sheets was again 2 m, 
subject to the same limitations of accuracy with respect to 
ground obscuration.

The topographic maps have formed the basis for the field 
surveying and mapping of morphological features (6.1.3), and 
for the production of accurate cross-sections. The contour 
interval is sufficiently small for sections to be derived 
without the need for extensive field verification.

6.1.3 Field mapping

The whole of the area of the CJndercliff, encompassed by 
the five sheets numbered 2 to 6, has been surveyed on foot. 
Hits involved a considerable amount of time spent in the 
field, which presented an unrivalled opportunity to become 
acquainted with every detail of the landscape of the 
Undercliff. It was, owing to the uncertainty attaching to 
certain areas of obscured topography, considered particularly 
appropriate to visit the wooded areas to confirm the ground 
morphology. In every case this was done with the permission 
of the landowners, in meeting with whom it was often possible 
to gain extra insight into the local history and to discover 
information of value relating to instances of slope 
instability.

Arising from the careful observation of structures and 
minor landforms certain sites of great interest were 
discovered, where the instrumented investigations (7.2 - 7.4) 
were later conducted. The location, observation and 
confirmation of the geological outcrops also followed 
directly from the morphological mapping. Subsequent field 
visits were made for measurement and sampling purposes 
(see 8,1.1).



194

Owing to the general lack of sub-surface investigations 
entailed by the reconnaissance objectives of the study (as 
noted in 1.4*1 and 4.2.3), it was seldom possible to confirm 
the sub-surface structures of the landslipped materials. 
Emphasis has therefore been directed more towards the 
elucidation of the likely structures of the major topographic 
forms rather than microtopographic features. Even this 
objective has been constrained by considerable man-made 
modifications to the topography, particularly by way of cut 
and fill in the urban areas. Nevertheless, the occasional 
outcrops of large back-tilted blocks of Upper Greensand in 
surface exposures in the Undercliff have permitted tentative 
interpretations of the sub-surface structures to be made.

According to the criteria of Demek (1972), the primary 
application of the mapping is in categorizing the terrain in 
relation to landslip and subsidence, with possible ancillary 
engineering applications such as shore protection, soil 
erosion control or potential land use. Specific land use, 
agricultural, engineering or prospecting applications are 
therefore excluded. By taking account of the relief features 
associated with landslipped terrain, including breaks or 
changes of slope, relative slope classes, rock outcrops, 
springs, streams and ponds, and depicting these by means of a 
set of simplified and graphic symbols (figure 6-4), the 
resultant mapping in plan falls under the general category of 
geomorphological maps described by Savigear (1971) as 
"morphographical". As stated in the Working Party Report on 
Land Surface Evaluation for Engineering Practice (Engineering 
Group 1982), the morpihographical map depicts landfoxm units 
with correct shape and scale and identified with a specific 
name. The absence of widespread sampling and sub-surfce 
investigations precludes the use of a "geotechnical" (Fookes 
1969) or an "engineering geological" (Dearman and Coffey 
1981) appellation. With the exception of the outlines of 
receding coastal cliffs, neither morphochronological nor 
morphogenetic landform units are distinguished. The 
differences between these kinds of geomorphological mapping
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systems are illustrated in figure 6-3 which is reproduced 
from the Engineering Group report (1982, fig. 2). Further 
references to geomorphological mapping are presented in the 
Bulletin of the international Association of Engineering 
Geology 19, June 1979; the Quarterly Journal of Engineering 
Geology 12 (3), 1979; and the Working Party Report on the 
Preparation of Maps and Plans in Terms of Engineering Geology 
(Engineering Group 1972).

The scale of the Undercliff study area suggests it falls 
into the terrain category (Engineering Group 1982) of a Land 
Facet, in which Land Elements may be distinguished. By 
contrast, the whole Southern Downs outlier would be regarded 
as a Land System comprising several facets. The fact that 
the Undercliff, as one of these facets, is made up entirely 
of a landslide complex presents special problems in the 
depiction of the comprising landslide elements. These cannot 
always be distinguished separately or even qualified 
according to certainty of identification or definition of 
boundaries. The problem is addressed below.
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6.2 PARTITION INTO CHARACTERISTIC SECTORS

The Land Elements are groupings of specific 
geomorphologlcal features which constitute the individual 
slope components and structures of which the Undercliff is 
composed. In the downslope direction (north to south) they 
include: (i) the high inland cliff or rear scarp formed in 
Upper Greensand and Lower Chalk, (ii) the lower slopes of the 
main Undercliff formed by landsliding of the above rocks and 
the Gault, (ill) subsidiary cliffs and undercliffs formed in 
lower Selbomian (Gault and Carstone) and Lower Greensand 
strata, (iv) broad gently sloping aprons composed of landslip 
deposits, and (v) the coastal cliff formed either in landslip 
deposits or in In attu Lower Greensand. The Land Elements, 
therefore, appear to exhibit a close relationship to the 
stratigraphic sequence. Not every element is present at 
every place, nor if present are they necessarily identical. 
The freshness of the rear scarp, for instance, varies 
appreciably throughout the Undercliff. Characteristic 
assemblages of features may be partitioned coastwise into 
landform units, termed sectors, which occupy a defined 
lateral extent within the 11 km length of the Undercliff.

The seven geomorphological sectors are shown in figure
6-5. The convention adopted in labelling and description 
involves a west to east progression. Abbreviated code 
letters derived from the geographical names given to the 
sectors are used, particularly in reference to cross-section 
numbering, to make for ready identification. It may be noted 
that Hutchinson (1965b) subdivided the Undercliff into five 
characteristic coastal landslide zones which he described in 
relation to the level of the base of the Gault as influenced 
by the Ventnor Syncline. It can be argued that the 
landforms, processes and activity of landsliding taking place 
along the length of the Undercliff are controlled primarily 
by the outcrop of the Gault, and for this reason the present 
partition into sectors follows Hutchinson's scheme but 
subdivides further where appropriate to account for
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particular landfom elements not distinguished specifically 
in the earlier scheme.

The method of presentation is primarily diagrammatic and 
pictorial. A geomorphological map of each section, at a 
reduced scale from that of the field mapping, is presented. 
At least two cross-sections have been selected within each 
sector to illustrate the possible sub-surface structures. 
The stratigraphic relations in particular are considered to 
be located reliably, having been derived from the information 
contained in figures 2-7 and 2-11. The tentative location of 
possible slip surfaces for the landslides within the Gault 
was made with reference to the geotechnical findings which 
are discussed below These same sections are used in
8.4 to determine an index of relative stability. The 
relation between the cross-sections and the geomorphology in 
plan is illustrated by means of computer-drawn isometric 
block diagrams of the area between the pairs of sections. 
The accompanying written descriptions are drawn largely from 
Hutchinson (Reconn, in prep.). A separate account of 
historical activity within each of the sectors is given in
7.1. The geomorphology of each of the sectors is described 
in turn below.

6.2.1 Blackqanq/Rocken End
(Sector BR; figures 6-6, 6-7, 6-8)

This 1.4 km length of coast forms the western angle of 
the Undercliff. It faces between WSW and SW and is exposed 
to the strongest marine attack of any part of the southern 
coast. Doubtless as a result of this, the Undercliff here is 
significantly narrower than along its main SSE-facing length, 
its width varying from about 400 m adjacent to Blackgang 
Bluff to as little as 260 m SW of Blackgang village. At 
Rocken End the Undercliff widens to almost 600 m. The rear 
scarp, called Gore Cliff, forms a line of steep cliffs 
through all but the north-western quarter of this sector.
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Gore Cliff, with a crest elevation of between +157 and +170 m
O.D., is consistently the highest in the Whole Undercliff.

The exposed strata here are aligned perpendicular to the 
direction of strike on the western limb of the Ventnor 
Syncline and thus exhibit the true dip of 1.8 towards the SE. 
The base of the Gault declines from a maximum elevation near 
BlaCkgang Chine of +112 m O.D. to an inferred level of about 
+57 m O.D. near Rocken End. The landslides forming the 
Undercliff are therefore of the slope failure type (figure
1-4). The rear scarp consists almost entirely of Upper 
Greensand, although there is a thin capping of I<ower Chalk at 
the SE end of the sector. The main scarp, Gore Cliff, is 
fresh and shows evidence of recent rockfalls from it, 
especially at its SE end. Beyond about SZ 48987645, where it 
turns northward, the scarp is fairly fresh but comes to an 
end within about 250 m. The shelf of broken ground below the 
rear scarp consists, in its rearward parts, of an undercliff 
formed by landslides in the Gault. There is morphological 
evidence to suggest the presence of two or three small 
back-tilted blocks of multiple rotational landslides. A 
short stretch of clearly exposed lower Gault near the NW end 
has about six small well developed mudslide embayments, which 
are reminiscent of those reported from London Clay cliffs on 
the N Kent coast (Hutchinson 1970). These are formed in a 
thickness of about 18 m of in situ Gault, above which the 
main Undercliff landslides are situated (see 8.1.2). The 
lower, seaward slopes are composed partly of steep coastal 
cliffs in the Lower Greensand (Ferruginous Sands formation), 
and partly of secondary undercliffs in the Sandrock 
formation. The height of the coastal cliff and the elevation 
of the undercliffs decline, down-dip, towards the SE.

A comprehensive account of the geomorphology and slope 
processes of the BR sector is in hand (Bromhead et at. in 
prep.).
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6.2.2 St Catherine's Point
(Sector CP; figures 6-9, 6-10, 6-11)

This southward facing 1.1 km length of coast between 
Watershoot Bay and Reeth Bay (Castle Haven) Is the 
southernmost point of the Isle of Wight. The Undercliff here 
occupies Its greatest width, averaging 650 m throughout. The 
rear scarp Is continuous with that of the BR sector , and 
declines gently in crest elevation from +165 m to about 
+130 m O.D. until it is broken by the shute or dry valley of 
Niton at the eastern end of the sector. This length of the 
rear scarp is known as west Cliff.

The strata here are not well exposed. It may, however, 
be inferred from the attitude of the coastline in relation to 
the trend of dip of the Ventnor Syncline that a very gentle 
(1.0°) eastward component of dip is maintained. The 
obliquity of the coastline to the direction of maximum dip 
produces a small (1.2°) seaward component of dip. As the 
base of the Gault is everywhere well above sea level, 
declining gently from above Rocken End according to the above 
trends, the landslides are of slope failure type. The rear 
scarp consists almost entirely of Upper Greensand, except for 
a minor capping of Lower Chalk at the western extremity.

The rear scarp, West Cliff, is somewhat degraded, 
particularly over its western half where it is completely 
obscured by talus, possibly derived from the Chalk capping. 
The seaward part of the Undercliff is of a completely 
different character to that in the adjacent BR sector. Lower 
Greensand still outcrops above sea level; instead, however, 
of being exposed directly to the sea, there occurs a wide 
(150 - 300 m) fronting area of relatively smooth and stable 
fields shelving gently to the coast and terminating in a low 
cliff between 5 and 15 m high. As a tentative conclusion, 
unsubstantiated by sub-surface data, it seems that this 
shelf, on which St Catherine's lighthouse and the farm of 
Knowles stand, is composed of an unknown thickness of
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landslip deposits underlain by in situ Lower Greensand 
strata, predominantly of the Sandrock Formation. Osborne 
White (1921) reports that the middle and upper beds of this 
formation apear at intervals, from beneath the landslips, at 
the back of this depositional shelf which is termed here an 
apron. Only two outcrops of Carstone and upper Sandrock 
strata have been located. There remains a possibility, 
supported by the morphological evidence, that these outcrops 
represent a buried coastal cliff. Theories of the origin of 
the seaward apron are discussed in 8.3,3.

The major old landslides, seated in the Gault, are thus 
restricted here to the rearward half to two-thirds of the 
total width of the Uhdercliff. The morphology of these is 
subdued in the eastern part of the CP sector, but west of 
Easting 500 two sets of large slipped blocks of an old 
multiple rotational landslide axe clearly recognizable. 
Occasional exposures between the disjointed blocks show 
strong back-tilting. The southern face of the more seaward 
block has been considerably modified, at least in part, by 
subsequent, more superficial mass movements, which appear to 
have taken the form of mudslides. These cannot account for 
the considerable disruption to the large blocks of Upper 
Greensand and Lower Chalk, which are occasionally 
forward-tilted. The mudslides occupy well-established 
embayments of the kind noted above in the BR sector. Owing 
to this resemblance it is possible that a thickness of in 
situ Gault could, as inferred above, also lay beneath the 
landslides here. The tongues (lobes and ferns) from the 
mudslides descend from the embayments and override the 
rearward parts of the apron.

6.2.3 Puckaster/Mirables
(Sector PM; figures 6-12, 6-13, 6-14)

In this 1.8 km length of coast the predominant 
orientation of the Undercliff in an WSW-ENE trend is
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established. The width varies between 450 and 600 m in the 
vicinity of Reeth Bay to less than 400 m behind Binnel Bay. 
The continuous line of the rear scarp, which has a crest 
elevation between +126 and +112 m O.D., is broken at the 
western end by Barrack Shute, the natural valley into Niton, 
the floor of which has a minimum elevation of +111 m O.D.

As in the CP sector, the strata here, which lie on the 
western limb of the Ventnor Syncline, continue to decline 
gently both eastward and to the seaward. The base of the 
Gault is in most places poorly exposed, although, from the 
presence of coastal cliffs formed in Sandrock and Carstone, 
it may be inferred that it lies above sea level. The main 
Undercliff landslides may therefore be described as slope 
failures. Near the eastern margin of this PM sector the base 
of the Gault declines to near sea level at the coast, as the 
low Carstone cliff disappears from view at beach level just 
west of Binnel Point. The rear scarp is formed almost 
entirely in Upper Greensand strata.

Over its whole length the rear scarp appears fairly 
fresh. The Undercliff below exhibits some terracing in its 
rearward parts, but is chiefly distinguished by a belt of 
more recent landsliding, generally 140 - 180 m in width, 
which ocupies its seaward side. This diminishes in width to 
50 or 60 m for the few hundred metres at each end of the 
length and vanishes at Castle Haven in the west and Binnel 
Point in the east. In addition, the Undercliff behind Binnel 
Bay, where it is narrower them usual, shows evidence of more 
extensive recent shallow translational landsliding, reaching 
back over 300 m in places to a prominent scarp in the 
vicinity of the main road (A3055). This scarp runs 
continuously behind the seaward unstable belt and was mapped 
by Sir A Strahan, in course of preparing the Geological 
Survey 2nd Edition Memoir (Reid and Strahan 1889), as an 
outcrop marking the base of the Gault. in its present 
overgrown and inaccessible state it has not been possible to 
verify this, except at SZ 509756 where Gault is exposed by



shallow rotational slides. There is a strong likelihood that 
the instability is due in part to mudsliding in the Gault and 
to seaward translational sliding o£ the derived debris.

The eastern part o£ this more active zone is occupied by 
a translational slide complex, doubtless relatively shallowly 
seated, Which is between about 150 and 200 m in breadth (E-W) 
and extends back to the scarp just seawward of the main road 
(at c. SZ 52167615). Three springs are shown in the middle 
of the headward part of this slide area (refer figure 4-3). 
Further west there appears to be a more stable zone, roughly 
250 m in breadth and including "Mirables". Further west 
again there is a second zone of apparently less stable 
ground, with an absence of mature trees, extending to about 
Easting 516. To the west of this, a 100 - 150 m broad 
transitional area of scrub and young trees indicates the 
probable western boundary of the Binnel Bay active zone. 
From there to the junction with Barrack Shute the rearward 
parts of the Undercliff (as distinct from the coastal belt, 
distinguished above) appear relatively stable, els in the 
adjacent CP sector.

Reynolds and Jackson (1935) also noted that the 
Undercliff in the area of Binnel Bay contrasted with its 
general nature elsewhere, being considered "less terraced" 
which they ascribed to a lack of Chalk cover on the rear 
scarp. Hutchinson (1983), on the other hand, considers the 
cause to be related to a pattern of mudslide activity which 
has been noted at other places where the base of the 
incompetent stratum, in this case the Gault, is declining 
nearly to sea level.

6.2.4 Binnel/Steephill
(Sector BS; figures 6-15, 6-16, 6-17, 6-18)

This large sector occupies a 3.3 km length of coast and 
forms approximately the middle third of the central
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Undercliff. Stretching between the eastern end of Binnel Bay 
and Steephill, the width averages 500 - 600 m but narrows to 
400 m at the eastern margin. In plan the coastline appears 
more prominent than either of the adjacent sectors. The 
steep rear scarp is essentially unbroken and generally 
maintains a crest elevation of between +145 and +101 m O.D.

From an examination of figure 2-7, it is inferred that 
the axis of the Ventnor Syncline crosses the coast towards 
the eastern margin of this BS sector. The tn situ strata 
have a slight and diminishing eastward component of dip along 
the coast, so that they lie almost horizontally in the 
vicinity of Steephill and western Ventnor. The plunge of the 
syncline is reflected in the gentle (1.5°) dip to the SSE. 
As a result of this structure, it is inferred that the base 
of the Gault declines close to sea level. In the vertical 
plane of the rear scarp (figure 2-11) at Steephill it is 
estimated to lie about 15 m above sea level; however, the 
seaward dip of the strata over the 450 m width of the 
Undercliff suggests that the base of the Gault nowhere passes 
below sea level at the coast. No outcrops are visible to 
confirm this. The old multiple rotational landslides which 
occupy the Undercliff thus alter eastwards from the slope 
failure type above Binnel Point to a likely toe failure type 
(figure 1-4). The rear scarp again consists predominantly of 
Upper Greensand, usually with a thin capping of Lower Chalk.

A bare, rocky rear scarp is present through virtually all 
of this sector. To the west of High Hat (SZ 531765) it 
appears markedly fresher than over the E end of the length 
where it is generally somewhat degraded. Within this length, 
the rock scarp is absent for a space of about 200 m at 
c. SZ 545772, and is modified by road works at St Lawrence 
Shute (SZ 535767) and railway works (tunnel through the Downs 
to Whitwell) at High Hat. The landslide terraces are 
generally rather subdued, but landslide ponds are present at 
Old Park and St Lawrence.
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The seaward margin is distinguished in places by the 
development of an apron, similar but not as great as that in 
the CP sector. The extent of well developed apron is limited 
to Binnel Point, as the next promontory, Woody Point, is 
composed of a huge block of back-tilted (55° - 65°) Upper 
Greensand capped by intact Lower Chalk (figure 6-18). The 
presence of these strata in such an attitude near the shore 
suggests that particularly vigorous sliding may have taken 
place here, so as to overrun the Gault base. Aprons are less 
well developed further east, and the seaward margin of the 
sector between Eastings 546 and 549, encompassing the 
Botanical Gardens, has the form of another great landslide 
block, but is not exposed clearly.

6.2.5 Ventnor
(Sector VN; figures 6-19, 6-20, 6-21, 6-22)

In this length of 1.8 km, the coast truncates the 
southern side of the Southern Downs. The width of the 
Undercliff varies from about 350 to 650 m. Except where 
broken by the head of the Wroxall Valley and by the mouth of 
the dry valley in which Ventnor Station was formerly 
situated, the obscured crest of the rear scarp is inferred to 
lie at around +90 m O.D. in its western part, and a Chalk 
slope in the eastern part rises to around +175 m O.D.

The strata involved form part of the eastern limb of the 
Ventnor Syncline. Owing to the proximity of the western end 
of this sector to the synclinal axis, the component of 
coastwise dip is minimal (estimated at 0.4° to the WSW). The 
inversion of maximum dip direction about the axis causes the 
strata to decline also towards the sea (1.6° - 2.0°). As in 
the adjacent BS sector, the base of the Gault may be assumed 
to lie at or just above sea level near the coast. The 
multiple rotational landslides forming the Undercliff here 
are probably best described as being of the toe failure type. 
It is therefore unlikely that true base failure forms, of the
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type exemplified at Folkestone Warren, occur anywhere over 
the whole length of the Undercliff. Poor exposures of the 
rear scarp exhibit the usual sequence of Upper Greensand, 
capped everywhere by a variable thickness of Lower Chalk.

Over the whole length of this sector the recognizable 
rear scarp is generally degraded, if not completely obscured. 
Its position seems to have been determined from intermittent 
rocky scarps mapped by Sir A Strahan for the Geological 
Survey (shown at the northern limit of uncoloured landslips 
on the most recent 1:50,000 scale map, I.G.S. 1976). There 
sure grounds for believing that the position so indicated 
would be in error. Firstly, most such outcrops are 
understood (Mr E J Alderton pers. comm.) to have been at 
least freshened up, and possibly produced, by quarrying and 
thus may not properly define the limit of landsliding. 
Secondly, recent evidence, which is presented and discussed 
below (7.2.3), indicates that probable landslide related 
movements are taking place up to 170 m further landward, 
suggesting that a revision of the position of the rear scarp 
might be warranted. Over the rest of the length to the east 
a considerable thickness of the Chalk seems to have been 
involved in ancient landsliding (Osborne White 1921). 
Webster (in Englefield 1816) notes that "the slope of St 
Boniface's Down is of that steepness beyond which a heap of 
loose materials will not lie without slipping, on which 
account patches of the grass are continually coming off". 
The slope is currently vegetated thickly by holly-oak. This 
39° faceted slope (figure 6-22) is uncharacteristic of the 
concavo-convex topography of the Downs and is taken here to 
be part of the Undercliff.

The slopes of the Undercliff proper show, in their 
rearward parts, landslide terracing. The micro-topographic 
details are often considerably masked or altered by the urban 
developments in Ventnor which extends over the whole of this 
VN sector. The central area of the town is established on a 
broad, gently sloping, more seaward area which is, as may be
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seen in the coastal cliffs, composed of chalky landslip 
deposits and small back-tilted blocks of slipped Upper 
Greensand. Having an average elevation of 4-30 to 4-35 m O.D., 
it is somewhat higher than the aprons in the sectors further 
west, although a considerable part of the thickness could be 
made up of extra chalk debris from the great landslipped 
slope immediately behind. This "apron" area occupies 
approximately the eastern two-thirds of the seaward margin. 
The area to the W, between Eastings 554 and 559, is occupied 
by Ventnor Park and appears from the morphology to be 
composed of a large landslipped block, possibly back-tilted. 
No clear outcrops of the constituent rocks are visible to 
confirm its attitude.

The geomorphology of the eastern half of this sector is 
presented in detail by Squire et al. (in press).

6.2.6 Bonchurch
(sector BC; figures 6-23, 6-24, 6-25)

This short stretch of coast occupies 1.0 km of the 
Undercliff, the width of which varies from 300 to 450 m. It 
is distinguished from the adjacent VN sector by the 
reappearance of the rear scarp, by much more striking 
landslide morphology, and by the non-involvement of the Downs 
to the north in Undercliff landsliding. The elevation of the 
crest of the rear scarp is generally between 4-98 and 
4-112 m O.D.

The strata in this length lie on the eastern limb of the 
Ventnor Syncline, and therefore have a westward component of 
dip (0.6°) along the coast and a seaward component of about 
1.7°. The base of the Gault is visible in the coastal cliff 
at the eastern end, at an elevation of about 4-23 m O.D. It 
declines westward to about 4-11 m O.D. at the NW comer of the 
cottages between Monks Bay and Horseshoe Bay 
(c. SZ 57797790). Further to the west exposures are obscured
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toy slip debris and vegetation. The Upper Greensand is well 
exposed in the rear scarp.

In the western 700 m of this sector, ending at about 
Easting 577, the rear scarp is well developed and fairly 
fresh and in places double. The Undercliff below this is 
highly irregular, with terraces, intermediate scarps and 
landslide ponds (e.g. '*Fish Pond"), all roughly paralleling 
the coast. The strip of land immediately backing the coastal 
cliff (in the grounds of "Westfield") is also back-tilted, at 
about 15 - 20° over a length of 300 - 400 m. These are the 
erodible cliffs referred to in 5.2.1 and 5.3.2, composed of 
Chalk and Upper Greensand debris. The seaward margin here 
resembles the high level "apron" in the adjacent VN sector.

Over the remaining length to the east, stretching about 
300 m behind Honks Bay, a rear scarp is either largely absent 
or much degraded. A smooth upper slope (8°) seemingly 
continuous with the foot of the Downs, descends past the 
inferred level of the Upper Greensand, and ends in a steep 
rear scarp associated with landslipping in the adjacent DL 
sector. The general form of the eastern part of the 
Undercliff in the BC sector is less broken than further west. 
This change in morphology, suggesting either less severe 
landsliding or older, more degraded deposits, probably 
accounts for the absence of apron deposits which allow the 
base of the Gault to be seen in exposures at the top of the 
coastal cliffs. The boreholes sunk in this area (refer
4.2.3, table 4-5) indicate that the seaward 150 - 200 m is 
formed in tn sttu Gault, mantled by a thin (c. 5 m) layer of 
colluvial or shallow landslipped debris.

The geomorphology of this sector is also presented in 
detail by Squire et at. (in press).
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6.2.7 Dunnose/Luccoinbe
(Sector DL; figures 6-26, 6-27, 6-28)

In this length of about 1.0 1cm the coastal slopes 
approach the eastern flank of the Southern Downs, as the 
directional trend of the coast turns from ENE-WSW to NNE-SSW. 
The height of the landward cliff, or rear scarp, increases to 
a maximum of +128 m O.D. Steep lower coastal cliffs vary in 
elevation from about +62 m O.D. at the northern end to +26 m
O.D. at Dunnose. This sector forms the eastern end of the 
Undercliff proper, which here decreases in width to between 
about 150 and 350 m. The rear scarp cliff is particularly 
prominent, being roughly 25 to 30 m in height and arcuate in 
plan. The whole sector is obscured by dense vegetation cover 
which prevented adequate morphological mapping, even on 
foot.

Owing to the change in orientation of the coastline, 
lining up with the direction of maximum dip on the eastern 
limb of the Ventnor Syncline, the exposed strata decline at 
1.9° to the SSW. There is, in consequence, inferred to be no 
component of seaward dip (i.e. at right angles to the above 
direction). The base of the Gault coincides approximately 
with the top of the lower cliffs, for which levels are given 
above. The underlying Caxstone and Sandrock formations are 
well exhibited in the coastal cliffs, and the top of the 
Ferruginous Sands appears at about sea level near Luccombe 
Chine. A large thickness of the Upper Greensand is exposed 
in the rear scarp, whereas the Gault is largely obscured by 
landslip debris.

Over a length of up to about 800 m, from SZ 581782 to 
584789, the middle and upper cliffs exhibit a major and 
fairly fresh landslide scar, known as "The Landslip" or the 
"East End Landslip". The lower cliffs are intact, and are 
distinguished by two curious sandstone pinnacles, at 
SZ 58457892 and 58407905; there are similar features 
developed in the equivalent western BR sector. The Landslip
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scar is almost certainly a composite one, produced by 
repeated deep-seated failures in the Gault and modified by 
associated rockfalls. Two great landslides occurred here in 
1810 and 1818 (see also 7.1.7). A detailed morphological 
study of The Landslip has been made by Matthews (1977). The 
seaward margin at the SW end has a short length (150 m) of 
well exposed In situ lower Gault, in which a series of four 
or five shallow and steep mudslide embayments is developed. 
The main landslide slip surfaces are, as noted in 8.1.2, 
located above these features. Elsewhere, as at SZ 581782 and 
584789, there are signs that shallow rotational slides occur 
in the Gault at the edge of the cliff.



6.3 SUMMARY

6.3.1 Morphometric Indices

One means of defining quantitatively the georaorpho logical 
properties of landslides is to derive certain morphometric 
indices. The most common of these is the ratio of depth to 
length (Skempton 1953, Skempton and Hutchinson 1969). This 
index, together with others defined by Crozier (1973) which 
relate to landslip "fluidity", has been shown to provide a 
measure of relative comparison between landslides of 
different types, forms and dimensions. Skempton and 
Hutchinson indicate deficiencies of the D/L index for 
purposes of primary classification; however, it does seem 
useful as a basis for broadly categorizing widely different 
kinds of mass movements, distinguishing between shallow 
planar debris slides and deep-seated rotational slips, for 
example.

On the rather less diverse landslips of the Undercliff, 
there would appear to be less basis within the bounds of 
natural variability for distinguishing successfully between 
the constitutive parts of what can be regarded as one kind of 
mass movement, viz. a multiple rotational landslide complex. 
Also, the great age and the coastal situation of these slides 
limit the applicability of the D/L index, which is defined as 
the ratio of maximum depth (prior to displacement) to initial 
downslope extent. It is conceivable that coast erosion has 
removed portions of the lower parts of the slides. 
Alternatively, it is difficult, without sub-surface 
investigations, to distinguish the position of the toe where 
it is obscured by apron deposits, for example. The 
considerable extremes of relief within the slipped masses of 
the Undercliff, and whether or not it is proper to include 
the height of the rear scarp in estimates of maximum depth to 
an unconfirmed basal slip surface, add to the above 
difficulties of using D/L as an independent index of slide 
classification.
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An attempt has, nevertheless, been made to derive 
retrospectively certain morphometric parameters. These can 
be compared in relative rather than absolute terms with the 
more qualitative criteria used to distinguish the seven 
sectors according to recognized combinations of 
geomorphological characteristics. The following very simple 
indices are chosen to describe some morphological components 
of the Undercliff (figure 6-29); the height of the inland 
cliff or rear scarp (C), the thickness of the landslip 
deposits abutting the rear scarp (0), the ratio of thickness 
to approximate width of the main landslides (0/L), and the 
width of aprons (A). It is clear that the determination of 
even these simple indices is difficult and inexact, for the 
reasons given above and because of the degraded or obscured 
character of the boundaries to be used. The results of a 
very tentative and preliminary morphometric analysis are 
presented in figure 6-30.

Aside from considerations of the major rotational 
landslide units, it is useful to compare the form of the 
small landslide embayments on the Gault face in the BR, CP 
and DL sectors with similar forms developed on the London 
Clay cliffs at Beltinge, north Kent (Hutchinson 1970). The 
mudslides at this latter site have a 0/L index averaging 8.1% 
and the embayments in which they are situated are defined in 
terms of a width to height ratio B/H - 1.6 - 1.8. The best 
developed equivalent features in the Undercliff (BR sector) 
have an average value of B/H of 2.2, which arises from a 
lower average height (24 m) than the Beltinge embayments 
(30.5 m) although the average widths were virtually identical 
(c. 51 m) but subject to a standard deviation of 19 m. The 
range of slopes of the tn situ strata in the side buttresses 
was similar on average (35 - 40°), but the slope at the head 
of the mudslide was steeper in the Undercliff (25 - 30°) than 
at Beltinge (15 - 20°). This trend was true also of the 
average slopes of the mudslides themselves within the 
embayments; the morphology of these has not been explored 
fully, though it would appear that both shorter lengths and
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thinner depths are characteristic in the Undercliff. This is 
consistent with the debris falling over a cliff rather than 
being allowed to accumulate in tongues on the shore (see also
8.3.1). The general form, scale and morphometry of the 
embayments suggest that geomorphological environments of 
mudslides developed in the London Clay and the Gault are 
broadly similar.

6.3.2 A qeomorphological model

The premise of geological control remains the fundamental 
key to the consideration of integrated geomorphological 
trends, for without strata of the requisite geotechnical 
properties, in both a suitable stratigraphic and structural 
arrangement, there could be no Undercliff. It is evident 
that the geological environment in terms of landsliding is a 
"three-dimensional” consideration. This means that, as a 
result of the SSE-plunging synclinal structure, the elevation 
of any stratum varies considerably, not only in a 
landward-seaward sense but also coastwise. Furthermore, 
there arises some complexity from the orientation of the 
coast at either end of the Undercliff being different to that 
over most of its length. The predominant controlling factor 
is, however, the symmetry described about the synclinal axis. 
The ubiquitous association of the Undercliff landslides and 
the outcrop of the Gault determines that the landslides, 
riding, in effect, on this outcrop, follow closely the 
structural trend.

An adequate geomorphological understanding of the 
landslides can only be arrived at from a knowledge of the 
sub-surface deposits and structures and their relationship 
to slope forms. In the present study the sub-surface element 
is incomplete and, where inferred, is largely 
unsubstantiated. The geomorphological conclusions are 
therefore preliminary.
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An overview of the geomorphology of the Undercliff as a 
whole is developed by considering in turn the general 
character of the inland cliff, the rearward zone of the main 
landslipped masses and the seaward zone of the coastal 
cliffs.

Rear scarp

An inland cliff is present over all but two short lengths 
(VN and BC sectors) of the Undercliff. Upper Greensand 
strata are invariably exposed in this cliff, the form and 
height of which suggest it may appropriately be termed the 
rear scarp of the landslides. The variable degree of 
freshness exhibited by the exposed rocks is taken by 
Hutchinson (Reconn, in prep.) as a qualitative indication of 
the relative age of the last major movement of the adjoining 
part of the Uhdercliff. It is equally likely that roCkfalls, 
rather than sliding, may account for relative freshness, a 
factor which may depend on local variations in the weathering 
and jointing of the Upper Greensand. A limited amount of 
Lower Chalk is exposed in places along the rear scarp. The 
greatest amount is in the VN sector, where the Undercliff 
landslides have truncated the Southern Downs. This area 
coincides approximately with the axis of the Ventnor Syncline 
which, if a uniform rate of downwearing of the outlier as a 
whole is assumed, could partly account for the extra 
thickness of Chalk here. The coincidence of places having 
such thicknesses and an obscured rear scarp could therefore 
be due to mantling by weathered chalky colluvial (or 
landslip) deposits. It is not considered likely that 
landsliding in the Uhdercliff can be attributed to the 
superincumbent weight of Chalk (Reynolds and Jackson 1935).

Rearward Undercltff

It is difficult to find a consistent pattern in the 
geomorphology of the Uhdercliff landslides themselves. The 
rearward parts of the Undercliff tend to exhibit greater 
extremes of relief than the more subdued seaward parts. An 
overall average slope inclination of less than 12° is common
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between the foot of the rear scarp and the toe of the 
landslides. The earliest descriptions of the Undercliff, 
alluding to "convulsions", "confusion" and "chaos" (e.g. 
Wyndham 1794, Albin 1795, Tomkins 1796), refer to the varying 
degrees of fragmentation, obscuration (mantling), back-tilt 
and seaward displacement of the constituent strata. The
presence of an enormous range of differently sized blocks, in 
places identifiable as displaced masses of Upper Greensand 
and Lower Chalk, exhibiting also the above characteristics 
and forming sequences of terraces, sometimes with ponds, all 
confirms the sliding in the Gault of the Undercliff to be 
predominantly of the multiple rotational type. The
landslides may be classified as being of the slope failure or 
toe failure type.

The two end sectors, BR and DL, are distinguished by 
notable geomorphological differences from the other sectors 
in the Undercliff. These include the virtual absence of the 
characteristic great back-tilted blocks of Upper Greensand 
and Lower Chalk, derived by multiple rotational landsliding. 
It is suggested that this may be a product of the high 
perched location of the slides, as dictated by their position 
on the extremities of the limbs of the syncline. Little 
debris accumulation is possible at the toe of the narrow 
undercliff, for material is transported quickly to the shore 
by falling over the coastal cliffs (by which Upper Greensand 
blocks are much broken up) or is carried away by the 
shallower landslides which affect the in situ Gault face. 
The net result is an essential lack of passive toe 
resistance, making it easier for the old slide masses to 
suffer from renewals of movement. It is notable, from the 
records of actual failures (7.1,9), that these sectors are 
distinguished by considerably greater historical slide 
activity. The causal relationship between the geomorphology 
and the activity is, however, unclear.
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Seauard Undercliff

In its most seaward parts, the Undercliff between the CP 
and BC sectors is characterized largely by depositional 
features of lower relief than the rearward terraced areas. 
Outside this area (i.e. in the BR and DL sectors) high 
coastal cliffs are formed in the in situ strata below the 
Gault. Aprons and huge, generally obscured, landslide blocks 
dominate the central part of the Undercliff seaward zone. 
Apart from local disturbed exposures in the coastal cliffs, 
the seaward outcrop of the Gault is completely masked by 
these depositional features. The great slipped blocks seem 
to be confined to the most central part of the Undercliff (BS 
and VN sectors) where, presumably, their considerable seaward 
displacement has been facilitated, at least in the past, by 
the closer approach of the lower Gault to active marine 
attack. In contrast, the presence of aprons seems unrelated 
to the outcrop of the Gault. The apron at St Catherine's 
Point appears to be the best developed of these interesting 
features which occur, discontinuously, also in the BS, VN and 
BC sectors. The problem of their location and formation is 
discussed in 8.3,3.

To the east and west of the central Undercliff certain 
changes in the character of the seaward geomorphology are 
evident. These may in part be explained in terms of a 
response to the increased elevation of the Gault with respect 
to sea level on the respective limbs of the Ventnor Syncline. 
West of the BS sector, as the base of the Gault emerges from 
beneath apron deposits, and the Carstone and SandroCk 
formations become progressively exposed in low coastal 
cliffs, it appears that the lowermost in situ Gault forms a 
scarp exhibiting various forms of shallow slope instability. 
In passing up-dip, east to west, from Binnel Bay there occurs
(i) a complex of active large translational landslides or 
mudslides affecting a considerable width of the lower 
Undercliff; (ii) a narrower area of shallow rotational slides 
in the exposed Gault; and (iii) a series of small mudslide 
embayments, active in the BR sector but largely inactive
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behind the apron in the CP sector. Both the embayments and 
the shallow rotational slides are known in the corresponding 
eastern sectors (DL and BC) of the Undercliff, in the same 
positions relative to the elevation of the Gault stratum. 
However, no large translational mudslides are present in the 
BC sector, in the position where, according to Hutchinson 
(1983), they might be expected if geomorphological symmetry 
about the synclinal axis were fully preserved. The probable 
reason for their absence here is the thick mantle of chalky 
apron deposits. It could also be argued that the slight 
asymmetry of the syncline, more steeply rising on its eastern 
limb (see figure 6-30) may not permit the full development of 
features compared with those on the broader western limb. 
Alternatively, the gentle seaward slopes at Carrigdene Farm 
(eastern BC sector) may consist of a relict area where such 
processes, formerly active, have long been quiescent.

Despite this particular difficulty, it is suggested that 
the geomorphological evidence on both limbs of the syncline 
points to a pattern of instability in the seaward face of the 
lower Gault, below the main multiple rotational landslides 
and above the coastal cliffs developed in strata below the 
Gault. This pattern appears to be marked by both a 
decreasing size or scale of instability and by a decrease in 
the amount of material involved, in passing up-dip from the 
centre of the Undercliff. One possible reason for this could 
relate to the drainage of the Southern Downs perched aquifer 
system, whereby down-dip flow might tend to bring more ground 
water towards the centre of the Undercliff and thus 
contribute, along with marine erosion, to the relative 
invigoration of the slope instability.



Table 6-1 Vertical air photographic sorties of southern Isle of Wight

Sortie Date Approx. Scale Comment

3G/TUD/UK16 21 20/04/46 1 : 10,000 Not overlapping
543/RAF/964i 20/06/60 l : 11,000 Poor quality
OS/68/026J- 8/04/68 1 : 7,000 Good contrast
0S/69/0841 8/04/69 1 : 7,000 Poor contrast
OS/70/217-1 14/06/70 1 :22,000 Poor contrast
OS/70/231i 19/06/70 1 :22,000 Poor contrast
OS/70/232-1 19/06/70 l :22,000 Poor contrast
BKS/2300/5692 11/05/71 1 :10,000 Poor contrast
PMB/352/02 3 7/06/73 1 : 8,000 Good contrast
OS/75/018:IR1X 20/04/75 1 :10,000 Very poor resolution
RC8-BS4 4/05/77 1 : 4,000 Poor contrast
RC8-CP4 7/04/78 1 : 3,000 Good contrast
HSL/UK/80/7 5 3/03/80 l :10,000 Poor contrast
RC8-DS 4 15/04/81 1 : 4,000 Good contrast

Source Notes: 1 Ordnance Survey
2 B.K.S. Surveys Ltd
3 cartographical Surveys (Southampton) Ltd
4 Cambridge University Collection
5 Hunting Surveys Ltd
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Table 6-2 Oblique air photographic sorties of the Undercliff and adjoining areas, southern coast Isle of Wight

Sortie Date Comment

BJ 1 15/07/48 Very useful
ARSX 13/06/67 Good contrast
BMW* 4/06/73 Poor contrast
CFO1 7/05/78 Poor contrast
_ 2 9/05/80 Good contrast
_ 2 18/08/80 Good contrast
CNXx 13/02/81 Good contrast

Source Notes: 1 Cambridge University Collection
2 Aerofilms Ltd
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Figure 6-1. Coverage of the Undercliff and adjoining areas by Ordnance Survey one 
and two kilometre sheets at 1:2500 scale.
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Figure 6-2. Extent of coverage by topographic maps (2 m contour intervals) at 1:2500 scale.
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Figure 6-3. Different principles of geomorphological map 
presentation for the same land surface (after Engineering 
Group 1982).
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Figure 6-4.
KEY TO MORPHOLOGICAL SYMBOLS

IlliliUilllliUtfUliimmmm
TTTTT
TTTT

Steep cliff 
Steep slope (>c. 25 )
Moderate slope (<c. 25 ) 
Well-defined break of slope 
Obscured or rounded break of slope 
Fissured ground (recent movement)

OTHER SYMBOLS

BR2,VN1 Cross sections 
© Gault sampling sites
® Piezometer sites



Figure 6-5. Geomorphological sectors makin~ up the Undercliff. 
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Section BR2

Figure 6-7. Schematic block 
diagram of part of BR sector.
The scale bar is 200 m (in 50 m intervals). Strata are numbered 
as in table 2-1.
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Figure 6-8. View to north-west, from Rocken End towards 
Blackgang, of slopes of BR sector. All strata in the 
Undercliff are revealed here: from Ferruginous Sands,
Sandrock and Carstone coastal cliffs, landslipped Gault, 
Upper Greensand rear scarp, to Lower Chalk of St Catherine's 
Hill. Photo taken 9th May 1980, by Aerofilms Ltd.
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Figure 6-9. Morphological map of the St Catherine's Point area (CP sector).
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Figure 6-11. Slopes of the Undercliff at St Catherine's 
Point, view looking north-west. Behind broad apron feature, 
mudslide embayments in lower Gault may be seen on left. Two 
large back-tilted blocks lie behind these; rear scarp (West 
Cliff) is partly obscured by talus. Photo taken 13th June 
1967, courtesy Cambridge University Collection.





Figure 6-12 Morphological map of the Puckaster/Mirables area (PM sector).
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Figure 6-14. Multiple rotational landslides in Gault not 
well developed at rear of PucXaster/Mirables area. Very 
disturbed seaward slopes developed in lowermost Gault which 
is affected by shallow rotational slides ("Mirables", on 
left), and large shallow translational mudslide (right). 
Photo taXen 13th June 1967, courtesy Cambridge University 
Collection.





Figure 6-15. Morphological map of the Binnel/Steephill area (BS sector).
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Figure 6-17. General view of the Undercliff, looking west 
over Binnel Point (BS sector) apron. Prominence of this 
feature is notable, in contrast to narrow width of the 
Undercliff in Binnel Bay, in adjacent PM sector. Photo taken 
15th July 1948, courtesy Cambridge University Collection.

Figure 6-18. Detail of part of Binnel Point area. Woody 
Bay is on right; isolated back-tilted block named Sugar Loaf 
rises from apron; and village of St Lawrence lies behind. 
Photo taken 18th August 1980, by Aerofilms Ltd.





Figure 6-19. Morphological map of the Ventnor area (VN sector)
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Figure 6-21. General view of the Undercliff, looking west 
over Bonchurch and Ventnor. Chalky apron deposits forming 
coastal cliffs of eastern Ventnor and western Bonchurch 
clearly visible, as is darkly-vegetated faceted slope of St 
Boniface Down behind the town. Photo taken 15th July 1948, 
courtesy Cambridge University Collection.

Figure 6-22. Closer view of part of Ventnor (VN sector), 
showing Ventnor Bay with reef-like deposits of tufaceous 
rock. St Boniface Down is on right; former quarry/railway 
station upper centre, and Lowther graben in Upper Ventnor at 
far left. Photo taken 7th May 1978, courtesy Cambridge 
University Collection.
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Figure 6-25. Long-established residential area of Bonchurch 
(BC sector). Rear scarp lies just below upper line of 
houses, above which can be seen several shallow probable dry 
valleys in Lower ChalX of St Boniface Down. Permeable timber 
revetments protecting vulnerable chalky coastal cliffs shown 
on left, and old sea walls and groynes on right. Photo taken 
9th May 1980, by Aerofilms Ltd.
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Figure 6-28. View of The Landslip at Dunnose (DL sector). 
Rear scarp marXed toy limit of dense vegetation. Coastal 
cliffs formed in SandrocX and Car stone formations and in 
lowermost Gault. Photo taXen 13th February 1981, courtesy 
Cambridge University Collection.





Figure 6-29. Key to morphometric indices determined in figure 6-30.
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Figure 6-30. Morphometry of the Undercliff.
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7. RECORDS OF MOVEMENT

7.1 HISTORICAL REVIEW OF LANDSLIDES

The following account is based largely on information 
from Hutchinson (Reconn, in prep. ) and in the earlier account 
of coastal landslides in the isle of Wight (Hutchinson 
1965b). The revised manuscript was last updated in about 
1977, and reference to landsliding after that date (contained 
in the later sections 7.2 - 7.4) is the writer's own work. 
To reiterate Hutchinson's comments on the records of 
landslide activity, historical knowledge of movements appears 
to be limited to the period since the late 18th century, and 
while any violent or large-scale movements taking place since 
then have probably been documented, many small landslides, or 
very slight movements of larger ones, are likely to have 
passed unrecorded.

7.1.1 Blackqanq/Rocken End

The south-eastern part of this sector was the scene of 
probably the biggest landslide yet recorded in the Isle of 
Wight. Various ly referred to as the Pit lands slip, the
Knowles landslip, the Rocken End slip, the Great Landslip and 
the Gore Cliff landslip, this took place on or about 5th 
February 1799 following hard frosts and a great snowstorm on 
31st January (Anon 1799a, Anon 1799b, Anon 1800, Bullar 1806, 
Cooke 1808, Englefield 1816, Webster in Englefield 1816). 
The name "Pitlands” has priority, but as the small farm to 
which it refers was destroyed by the movements, it is more 
convenient to call the landslide after Gore Cliff, its 
surviving rear scarp. The above accounts indicate that the 
slide was a renewal of movement in the complex of old slips 
forming the Undercliff, beginning with "a great founder at 
the base of the cliff, immediately under St Catherine's Down" 
(Anon 1799b). It was not accompanied by the failure of a
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further block of the rear scarp (Englefield 1816). The 
contemporary account (Anon 1799b) does, however, report "a 
founder from the top of the cliff ... which has nearly 
covered the whole with fragments of freestone”. This 
suggests that rockfalls from the rear scarp did occur at or 
about the same time as the main slide. From the geology it 
is clear that the slide must have been of slope failure type. 
Views of the landslide were published by Adams (1856) and 
Briddon (1861).

Bullar (1806) remarks that from the side of the rear 
scarp, ”at the height of forty feet, tumbles a noisy stream, 
the probable cause of the late, and the threatener of future 
mischiefs”. The line of springs giving rise to this stream 
has been located within the Passage Beds (see 4.1.1.). Other 
writers (Anon 1800, Cooke 1808) give more weight to the 
action of ice—wedging in crevices and the expansive freezing 
of the springs during the period of severe frosts and heavy 
snowfall which gripped the Isle of Wight at that time. 
Briddon (1861) is of the view that the landslide "must have 
been caused by the long continued action of land-springs” but 
suggests that the event "may have been accelerated by the 
frost, which possibly congealing the spings near their 
outlets, and penning back the water, might occasion the 
bursting of the rock”. This latter view closely anticipates 
some of the ideas put forward by Bjerrum and J<t>rstad (1968) 
to explain the incidence of rock slides in Norway.

The movements of the slide appear to have been fairly 
gentle, as would be consistent with a renewal of movement 
largely or wholly on pre-existing slip surfaces. From the 
contemporary account (Anon 1799b) it is evident that there 
was time to remove antique chairs from the cottage that was 
destroyed. The ground is described as "gliding forward" 
until it "at last rushed on with violence". The violent 
movement may have arisen from the fall of debris over the 
lower coastal cliff. Approaching the sea, the sliding masses 
sure reported in one account (Anon 1800) to have been arrested



256

toy "the ridge of rocks" at Rocken End at which place "seme 
very large rocks ... have been pushed forward over part of 
the beach, and covered by the descending mass, to which they 
form a support". According to the Rev. Mr Barwis (in Bullar 
1806), who resided near the landslide, there was no "shock or 
sudden convulsion", but rather a "silent and quiet 
settlement", and in the previous report (Anon 1800) it was 
noted that the slide "continued in motion for two days" and 
that the earth sank as much as thirty to forty feet below its 
former level. Chasms "that a horse or cow might sink into 
and disappear" seem to have abounded (Anon 1799b). The 
cottage and land of Pit lands farm were destroyed, but no 
lives were lost.

The part of the Undercliff involved in the 1799 landslide 
is said by Barwis (in Bullar 1806) to have been "on the 
confines of the two parishes of Niton and Chale". The 
cottage and land called "Pitlands", both in the parish of 
Chale, sure described as having been "in the centre of the 
convulsion". In addition all writers give the area of the 
land involved in the slide as 100 acres (40.5 ha). It seems 
likely that the SE edge of the 1799 slide followed roughly 
the Niton-Chale parish boundary across the Undercliff between 
Gore Cliff and Rocken End (this is the same as the SE edge of 
the BR sector). The location of its NW edge is less clear. 
Taking an area of around 40 ha on the O.S. 1:2500 scale map 
suggests a limit in the vicinity of Blackgang Chine. Other 
evidence suggests that the area involved was much smaller. 
An early photograph, taken before the cliff fall of 1928, 
from about the position of the parish boundary, shows an area 
of very rocky ground without many trees extending to just SE 
of the South View estate, beyond which the trees are 
luxuriant. Martin (1849) remarked on the still ruinous 
condition of the site fifty years after the slide. The 1st 
edition O.S. 1:2500 scale map (surveyed in 1862) depicts this 
smaller area of land as being considerably disturbed and 
littered with large rocks, although some of these features 
could be attributable to smaller slides and rockfalls between
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1799 and 1862. It is clear from the report quoted above 
(Anon 1800) that the debris spilling onto the beach was 
limited to the vicinity of Rocken End only, so it is thus 
suggested that the maximum area involved would probably have 
been about 8 ha (45 acres) as shown tentatively in figure
7-1.

Subsequently a number of rockfalls have taken place from 
Gore Cliff. Mew (1934) reports that in 1799, probably on 
19th February, "the cliff in falling killed a lady and a girl 
and hurt two or three more”. No location for the fall is 
given. It may well have been from the fresh rear scarp of 
the landslide of about 5th February. Webster (in Englefield 
1816) notes that a considerable mass of this cliff fell in 
about 1804 to 1805.

Further landslides also have taken place from time to 
time in the Undercliff beneath Gore Cliff. The records of 
these in most cases, as above, relate to damage to the roads 
which had become established along the Undercliff (figure
7-1). It is clear from the accounts of Wyndham (1794) and 
Barwis (in Bullar 1806) that no coastal road connection then 
existed between Niton and Chale, although a "very good” road 
linked Niton and Knowles Farm at St Catherine's Point. 
Webster (in Englefield 1816), writing in 1811, "found it was 
in contemplation to form a road” over the ruins of the 1799 
landslide, noting that "the instability of the soil will 
require that this should be executed with caution". 
Englefield, in a footnote dated 1816, was "informed that this 
plan has been put into execution”, although it seems not to 
have been completed until 1838 (Venables 1860). The road was 
built primarily to provide access to the famous Chalybeate 
(or Sandrock) mineral spring discovered in 1809 (Norman 
1887). It is very likely that an increasing traffic of 
visitors to the "celebrated chine of Blackgang” (Webster 
op. cit.) would also have prompted an improved communication 
between Niton, Blackgang and Chale. The 1st edition O.S. 
1:2500 scale map shows an early 19th century lower coast road
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running from the lame now ending at The Terrace, Chale, 
across Blackgang Chine by a bridge, along the shelf of a 
secondary undercliff below Sandrock Spring and up to the 
upper coast road via the hairpins south of South View House 
(figure 7-1). The lower road provided access to the 
sanatorium at Southland House, but appears to have been 
destroyed before the 2nd edition O.S. map was surveyed in 
1897.

It is difficult to trace records of damage to this lower 
road, although in the winter of 1832-33 there was a landslip 
at Sandrock Spring (Barber 1834) Which, if, as is likely, it 
involved a fall of debris from higher up the cliff, would 
probably at least have blocked the road. It may be inferred, 
from figure 7-1, that continuing recession of the coastal 
cliff and lowest undercliff on Which the road was formed 
would likely have contributed to its untimely abandonment and 
destruction. In about 1883 part of this road was carried 
away by a landslide at Blackgang (Adams 1884).

Conybeare and Dawson (1840) report a slide in the 
vicinity of Blackgang Which took place in December 1839. It 
is probably the same event referred to by Martin (1849) as 
having occurred "about eight years since, at a short distance 
to the westward beyond the cottage at the Chalybeate". 
Martin notes its synchronous occurrence with the famous 
Bindon landslip, 25th December 1839. The slide at Blackgang 
destroyed the upper Undercliff coast road from Niton to 
Blackgang over a length of about 90 m at a place where it ran 
on a natural terrace beneath a perpendicular upper cliff. 
The road was thrust 9 m seawards and sank up to 3.7 m in one 
part with back-tilt, in another with seaward tilt. The whole 
dislocation took place between noon and midnight on 24th 
December. Martin (1849) ascribes the cause to the action of 
the land springs. Intensive drainage work, to a depth of 
6 m, was needed before the road could be re-opened. 
Conybeare and Dawson add that at that time there were "three 
other inland subsidences of equal and greater magnitude
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within two miles of Blackgang, and innumerable lesser ones, 
besides frequent slips of the sea cliff". The largest 
movement, however, was trifling in comparison to that of 
1799. One of the subsidences, located on a steep ridge in 
the Undercliff about 400 m behind St Catherine's Point, 
continued to develop until March 1840. This slide was 
located in the Gault and had the form of a "horse shoe, with 
the heel towards the sea". It measured 165 m from N to S, 
was 41 m broad and had an original overall height of 36 m. 
The upper part sank, exposing a steep rear scarp 21 m high; 
the lower part was heaved up.

The removal by blasting of a dangerously overhanging 
pinnacle at the SE end of Gore Cliff in 1853 (Venables 1860, 
Norman 1887) brought down with it "tons of adjacent rock" 
which blocked and destroyed the road beneath. This brought 
about a slide in the Gault, the boundary of which was 
observed by Norman to consist of "an extensive rift" exposing 
a slickensided slip surface about 90 m in length. After 
extensive drainage works the road was reconstructed, leaving 
a large rock (known as Chad's Rock, and featuring in several 
early photographs) which had formed part of the pinnacle, on 
its seaward side.

In 1881 a protracted frost was followed by a great 
snowstorm. The subsequent thaw caused many falls and 
subsidences of the softer strata of the Island (Mew 1934, 
Colenutt 1938). One of these movements involved the lower 
part of the Undercliff in the vicinity of Watershoot Bay and 
Rocken End (Day 1929). This diverted the original stream 
there into two, so that one part ran into Watershoot Bay as 
before and the other took a fresh course towards Rocken End. 
Only the latter course is indicated on the 2nd edition (1896)
O.S. 1:2500 scale map. Since then there were periodic 
movements in that area which tended to retrogress upslope and 
also spread towards Blackgang. The constant slipping of the 
Gault, which in 1887 was "again" threatening the upper coast 
road beneath Gore Cliff (Reid and Strahan 1889), may have
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formed part of this pattern of increased activity. The road 
was further reported to have been broken by slides at least 
three times from 1925 to 1928, and repaired at a cost of 
about £5000 (Anon I928f). Some local people regarded the 
following event as the culmination of the sliding activity 
here.

On 26th July 1928, a considerable fall of the rear scarp 
took place in the south-eastern part of the area affected by 
the 1799 Gore Cliff landslide (figure 7-1). The weight of 
Upper Greensand and Lower Chalk involved in the fall is 
estimated to have been between 100,000 and 200,000 tonnes 
(Anon 1928c). The event is unusually well documented (e.g. 
Colenutt 1928, JaCkson 1928, Reynolds and JaCkson 1935). A 
chronology of this, and the associated failures, is outlined 
in table 7-1. Some contemporary illustrations are given in 
figures 7-2 and 7-3.

The series of great rockfalls from Gore Cliff during 
July - September 1928 resulted in the initiation of another 
major slide in the Gault on the night of 20th September (Anon 
1928e). A length of about 180 m of the road was affected 
(Anon 1928f), including the portion by Chad's Rock which had 
remained untouched by the earlier rockfalls. The rear part 
of the area involved exhibited a rotational landslide which 
back-tilted the road. The land to seaward moved in a 
generally translational manner (figure 7-4). It seems likely 
that the rotational slide occurred first owing to undrained 
loading of the rearward parts by the accumulated rockfall 
debris and that the translational movement to seaward 
followed in a progressive manner. The sliding is also likely 
to have taken place on pre-existing shear surfaces developed, 
for example, by the movements which occurred here in 1799, 
1853 and after 1881. In a rare exposure of Gault at 
SZ 49447594 several slip surfaces in a thin (0.15 m), 
generally linear zone of shearing were observed to have 
landward dips up to 43°, and thus probably belong to the 
earlier back-tilted portion of the slide which their general



261

location would suggest.

A roughly triangular part of the Undercliff, from the 
foot of the July rockfall scar to the sea at Rocken End and 
along the coast from the centre of Watershoot Bay to the 
cascade about 180 m NW of Rocken End, was set in motion (Anon 
1928f, Jackson 1928, Colenutt 1928). The area involved was 
estimated at between 50 and 60 acres (20.2 - 24.3 ha) (Anon 
1928e, 1928f) but would seem in fact to have been between 8 
to 12 hectares, at least initially (figure 7-1). The whole 
of Rocken End was reported as being "driven bodily seawards" 
and the foreshore was forced up from below the foot of the 
coastal cliffs to about 45 m beyond LWM, forming a distinct 
curving pressure ridge, like a railway embankment, about 3 to 
4 m high. This was quickly eroded away by the sea. Turbid 
ground water was observed to be welling up in this toe area 
from the sea bed (Colenutt and Mew 1929). The heaving of the 
foreshore was clearly not associated with the tn situ Gault, 
with regard to which the slide was a slope failure. This was 
probably the result of a secondary base failure produced by 
the advance of debris across the shore, and seated perhaps in 
a more argillaceous member of the Lower Greensand Group, or 
in earlier colluvium. The sliding movements had slowed down 
by 23rd September (Anon 1928e, 1928f, Jackson 1928).

The Undercliff involved in the landslide of September 
1928, with the exception of the area immediately behind the 
western side of Watershoot Bay, has continued to move and a 
well established translational landslide or mudslide betweeen 
150 and 200 m in breadth has developed there. The 
retrogressive movements of this mudslide have entirely 
removed the talus formed by the 1928 falls and have left a 
rear scarp not only unsupported to a greater height than 
anywhere else on Gore Cliff at present, but also to a 
markedly greater extent than was the case just before the 
July 1928 rockfall. From an examination of oblique air 
photographs taken in July 1948, June 1967, June 1973 and May 
1978, it may be inferred that these movements are tending to
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spread north-westwards in the upper Undercliff.

This development is illustrated well by a considerable 
slide which occurred on 14th or 15th May 1952. This was a 
renewal of movement in the undercliff and did not affect the 
rear scarp. It was situated adjacent to, and on the NW side 
of, the 1928 landslide (figure 7-1). About 230 m of the old 
upper coast road, breached in 1928, was taken, and the County 
Surveyor estimated that an area of 4 ha (10 acres) was on the 
move, involving about 100,000 tonnes of earth and rock. 
Disturbed Gault was visible in the lower part of the debris. 
No property was damaged (Anon 1952b).

As described above, the upper coast road was considerably 
damaged by the rockfalls and slide of 1928. Shortly 
afterwards it was decided to abandon it and construct the 
present, new coast road between Niton and Blackgang behind 
the top of Gore Cliff. The remaining spur of the former 
coast road was still used, however, to provide access from 
Blackgang to the various houses on the Undercliff between 
there and the site of the 1928 landslide. Towards the end of 
1935 this spur road was broken by a small slide between Cliff 
Cottage and the site of Highcliff (see figure 7-1), and by 
February 1936 this road had been carried away over a length 
of about 30 m (Reynolds and Jackson 1935). This slide has 
since developed into a well established feature at about 
SZ 48887648. It is probably a shallow rotational slope 
failure, clearly retrogressive (as indicated on successive 
editions of the O.S. 1:2500 scale map), involving a renewal 
of movements in the Uhdercliff, and possibly stimulated by 
runoff from the Blackgang road which declines towards the 
coast NW of the site. Some attempts were made in the 1960s 
to stabilize this slide by surface drainage and timber 
piling, but without success. The road was broken again in 
early 1969 by a small subsidence (Anon 1969), which had 
enlarged itself during 1970-71 and required the building of a 
new access road, set 15 m back from the former road, at a 
reported cost of over £4000. In the week ending 11th
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February 1971 the nearby Cliff Cottage started to crack after 
its garden had slid down the cliff (Anon 1971); the owners 
evacuated their home. Within the period 1972-74 a subsidence 
of about 0.45 m occurred also in the continuation of the same 
road between Cliff Cottage and Sandrock Spring. By 1976 the 
main feature extended from some 20 m above the new access 
road down towards the lower undercliffs formed in the 
Sandrock, and had destroyed about 70 m of the former road MW 
of Cliff Cottage.

In the intervening time since the great rockfalls of 
1928, there have been several small rockfalls along the 
length of Gore Cliff. Evidence for these may be recognized 
from areas of scattered and broken Upper Greensand blocks in 
places on the Undercliff below and, where this is overgrown, 
from stretches of freshened, relatively unweathered cliff 
above. Small blocks, weighing of the order of 100 - 1000 
tonnes, have fallen from several sites (e.g. SZ 49207621 and 
SZ 49327613, figure 8-10), although it is seldom possible to 
discover when these took place. During the winter of 1972-73 
an area of about 0.4 ha at the latter site was covered by 
debris from rockfalls. A shed at the back of Sandrock Spring 
Cottage was damaged by a small rockfall which occurred in the 
mid-1960s (Mr R P Young pers. comm.). Two further small 
falls occurred in 1978 and in 1981 from the exposed NW comer 
of Gore Cliff (SZ 48987644).

The Undercliff in the vicinity of Sandrock Spring and 
Cliff Cottage was involved in a large landslide in March 
1978. No geotechnical account of this has been published, 
although one is in the course of preparation (Bromhead et at. 
in prep.), and a special report is presented below (7.4). An 
indication of the significance of the landslide, rockfall and 
coastal cliff recession history in terms of destruction to 
houses, roads and property in the BR sector will be evident 
from figure 7-1.
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7.1.2 3t Catherines Point

Construction of St Catherine's Point lighthouse began in 
1838 and the light was first displayed in 1840. According to 
Dunning (1951), the structure began to show signs of slipping 
in 1875 and it was decided to reduce the height of the tower 
by 13.1 m to its present 26.2 m. This decision seems to have 
been prompted, at least partly, by a need to move the light 
below the sea mists which had earlier often obscured it. 
Dunning (1951) also mentions that the fog signal was 
originally housed near the edge of the coastal cliff below 
the lighthouse, but erosion and landslides made this unsafe 
and it was moved to its present location just in front of the 
lighthouse in 1932. In the winter of 1960-61 the lane 
leading down to the lighthouse was temporarily broken at 
about SZ 500756 by a slip which occurred overnight and sank 
at its rear by 0.6 - 0.9 m. According to the It50,000 scale 
geological map (I.G.S. 1976), this location is approximately 
at the southern edge of the Gault outcrop.

Brettell (1848) refers to a landslip, "about a mile to 
the south" of Niton village, which took place "a few years" 
before 1848. It appears to have detroyed one house. No 
nearer location is given, but it seems likely to have been 
within this CP sector. There is a possibility also that this 
slide may be the same one which occurred in 1839-40 inland 
from St Catherine's Point (Conybeare and Dawson 1840), as was 
described above in the BR sector. Brettell refers elsewhere 
to the Gore Cliff landslide of 1799, which is certainly 
outside the CP sector.

7.1.3 Puckast er/Mi rabies

In view of the geomorphological evidence (6.2.3) for 
parts of this sector being less stable, it is surprising that 
historical records of slide movements are so sparse. A 
movement within the less stable coastal belt is noted by
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Webster (in Englefield 1816). In a letter dated 4th June 
1811, he reports that part of Puckaster Cove "has lately sunk 
8 or 10 feet".

Early in 1924 a considerable landslide occurred near to 
the rearward edge of the Undercliff, with its centre at about 
SZ 52167613. This breached the earlier line of the St 
Lawrence-N it on main road and caused a reactivation of 
essentially translational movements from there down to the 
shore, a distance of some 320 m. Hutchinson (Reconn, in 
prep.) suggests that the moving material may have 
approximated to a mudslide in character. It had a breadth of 
about 80 m at the crest and 100 m down by the shore, where it 
over-ran the beach and piled up against the back of the Old 
Park sea walls (described in 5.3.2). Their broken remains 
extend from about Eastings 5215 to 5235, thus embracing the 
coastwise extent of the area involved in the 1924 failure. 
This suggests that the instability in that area is of long 
standing. The 1924 slide occurred just above the three 
springs referred to above (6.2.3), and represents a 
retrogressive development of the least stable, eastern part 
of the Binnel Bay active zone. A slide reported as occurring 
in this general area in January 1926 (Anon I928f) is of 
similar description to the 1924 one. Contemporary sliding in 
this area is also suggested by the 1st edition O.S. 1:2500 
scale map (surveyed 1862).

In December 1960, following three months of heavy rain, a 
landslide took place about 400 m west of the 1924 failure and 
located in about the middle of the Undercliff. The slide 
commenced a little seaward of a cottage at SZ 51757601 and 
spread eastwards to about 8 m in front of the SE corner of 
"Mirables". At its western end, roughly 100 m W of the 
cottage, the subsidence was about 5 m; this tapered out to 
zero at the eastern extremity of the slide. In front of the 
cottage, which was eventually undermined and destroyed by the 
landslide, the seaward movement was at its maximum of about 
60 m. The breadth of the slide, which also damaged the



266

fields near the sea, was approximately 300 m. According to 
the occupier of "Mirables", Mr J A Middleton (pers. comm, to 
Hutchinson) the slipping can be attributed in part to the 
neglect of proper maintenance of the many streams in the area 
and their associated drains, particularly during the first 
and second World Wars. The 1960 Mirables landslide is
situated within, and to the east of, the second, more 
westerly zone of less stable ground within the Binnel Bay 
active zone (6.2.3). It can be seen as a retrogressive 
development of the rear scarp of the coastal belt of 
instability and conforms to the pattern of shallow rotational 
slides in the Gault outcrop noted in 6.3.2.

7.1.4 Binne1/Steeph ill

No major landslides seem to have been recorded in this 
sector during the historical period. Indeed Englefield
(1816) remarks that the ruined chapel of Woolverton 
(SZ 53477628) and the Old Church of St Lawrence 
(SZ 53637665), which he states were both built about the time 
of Edward III (1327-77), are "venerable monuments to the 
repose of the soil”. Both these buildings are situated to 
the east of High Hat, beneath the more degraded part of the 
rear scarp. Near the western edge of this sector (at 
c. SZ 52457624), behind Old Park, the main road seems to have 
been affected by intermittent minor movements since at least 
1951. It is understood that, following a wet period from 
late 1959 to early 1961, and almost continually since, a 
length of a few tens of metres has been subsiding. The form 
and location of this activity are equivalent to those which 
occurred in 1924 in the adjacent PM sector, although there is 
little indication of progressive downslope instability. This 
may in part be due to the influence of the apron at the toe 
of the slope.

Falls from the rear scarp in this sector were noted by 
Worsley (1781), who states that "huge fragments of rock and
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earth frequently fall from these cliffs". Hassell (1790) 
noted a fallen rock near Steephill Which may have come from 
the rear scarp. On 2nd February 1799 two people were killed 
by "the foundering of one of the cliffs" at St Lawrence (Anon 
1799a). The falls at this time may have been caused by 
frost-wedging in the rock joints, a process to which the Gore 
Cliff landslide of a few days later was in part attributed 
(see also 7.1.1.). Further rockfalls are reported by 
G A Martin (1849) in the neighbourhood of "Whitwell Shute” 
(presumably St Lawrence Shute), one in about 1844 and another 
in 1845-46. On each occasion several tonnes of rock were 
involved. A considerable rockfall, probably involving 
hundreds of tons of material, is recorded by E A Martin 
(1925) as having taken place near the railway tunnel at St 
Lawrence. He also mentions that falls of single stones from 
the rear scarp were not infrequent at that time. A landslide 
at the south end of this tunnel, which occurred after heavy 
rain and closed the railway for many hours, is mentioned by 
Allen and Macleod (1967). They do not give its date but from 
the context it is almost certainly between 1928 and 1934. 
The writer has seen an undated photograph, from about this 
period, showing landslide or rockfall debris blocking the 
line next to the station building here.

In the summer of 1976 Hutchinson observed fresh 
rotational failures in the coastal cliffs west of Binnel 
Point, at about SZ 52407585. This area, forming the western 
limit of the Binnel apron and containing appreciable admixed 
Gault, has continued to move, and a small mudslide has 
developed in the debris at about SZ 52457582.

7.1.5 Ventnor

Archaeological evidence of landsliding and rockfalls in 
the Ventnor area in antiquity is not uncommon. The finds of 
Iron Age and Romano-British skeletons, in positions 
suggesting burial under falls of earth, have been discussed
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fully in 3.2.2.

During the historical period, no major landslides appear 
to have been recorded from this sector of the Undercliff, 
although the location and magnitude of the slipping reported 
by Topley (1893) to have taken place hereabouts in about 
February 1877 is not known. Gradual movements, however, 
appear to have been widespread and fall into two main 
categories.

The first consists of generally very slow, intermittent 
subsidence and seaward movements of parts of the slipped 
masses forming the Undercliff. Webster (in Englefield 1816) 
reports a landslide near the western side of Ventnor Bay 
which involved a great quantity of Gault "that has lately 
slid down, and which had occasioned the falling of a part of 
the sandstone stratum above". A landslide also situated 
lower in the Undercliff, adjacent to the coastal cliffs in 
Ventnor is reported by Conybeare and Dawson (1840). This 
began in mid-November 1839 and affected the seaward half of a 
road over a length of about 45 m. Movements continued until 
the end of December when the slide had sunk 1.5 m and "thrown 
down a row of new cottages which were situated on a steep 
bank below it". The rear scarp extended back towards houses 
in a wood on the uphill side. Other movements are reported 
to have occurred in the seaward parts of Ventnor, following 
the attempt to build a harbour there in 1863-64. In the 
light of the discussion in 5.2.3. of the effects of storms 
and interference with the littoral drift, it is probable that 
the movements, which almost certainly were confined to the 
immediate vicinity of the sea walls and the Esplanade (Anon 
1873, 1874a), were caused by erosion and scouring of the 
beach and the contingent undermining of the coast protection 
structures. The report of the Royal Commission on Coast 
Erosion (1911) shows that widespread, slow movements took 
place in Ventnor from time to time during at least the first 
decade of this century, causing progressive damage to houses, 
sewers, and the flights of steps which connect the various
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terraces of the Undercliff.

This pattern of intermittent slow movement appears to 
have continued and, in about 1960-61, a significant 
acceleration in the rate of movement took place. A 
considerable area of urban Ventnor was affected, and the main 
movements were especially noticeable near the seaward and 
landward boundaries of the unstable ground. The 
circumstances, effects and implications of this activity have 
been investigated and are discussed separately in 7.2.

The second category of movement in this VN sector 
consists of the gradual opening of clefts in the Upper 
Greensand and Lower Chalk strata which form the upper cliffs. 
These clefts, locally referred to as "vents", develop 
landward of the present rear scarp of the major slips and run 
approximately parallel to it. They are reported by 
Hutchinson (1965b) to have been traced for as far as 400 m 
and plumbed to a depth of 38.4 m (see also 8.2.1). Cavities 
that developed in the surface of Whitwell Road between Easter 
and November 1954, at about SZ 54937733, were produced by the 
collapse of surface material into such vents (Edmunds and 
Bisson 1954, Toms 1955). Large voids appeared below Whitwell 
Road, about 300 m east of, and in line with, this vent in 
1963. Other vents have been observed in the vicinity of 
Steephill Down Road, Gill’s Cliff Road and Zig Zag Road, and 
are often met in shallow excavations for gas, water, 
drainage, electricity or telephone services. A possible 
mechanism for the formation of vents has been proposed by 
Hutchinson (1969), and is considered in some detail in 
8.4.6.

7.1.6 Bonchurch

Reports of landsliding in this sector are almost 
completely lacking. This might be expected of the area of 
the Undercliff with the longest history of continuous
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habitation. The oldest building in the Undercliff, the 
Ancient Church of St Boniface, is located in this more stable 
area. The original church is believed to have been dedicated 
in 1070 A.D., although the present building is "of the 13th 
century" (Pevsner and Lloyd 1967) and does not appear to have 
been involved in any significant landslide movements 
subsequently. Other writers have commented on the longevity 
of the church in one of the "most exposed spots" in the 
Undercliff (Englefield 1816). Martin (1849) professes 
astonishment that "the sea face of the cliff has remained 
unchanged since the time of its building. Its founders would 
hardly have placed if within 200 or 300 yards of the brink of 
a mouldering precipice, which has sensibly fallen away within 
these ten years, and which ... is in progress of still 
further disintegration". This observation is consistent with 
reports of minor landslip activity of the seaward edge.

In the winter of 1951-52 slips occurred in the coastal 
cliffs backing Monks Bay. These reached inland about as far 
as the cliff path leading from St Boniface Church to Dunnose, 
around the seaward edge of the "East Dene" grounds. The 
movements, which involved subsidence of blocks of Carstone 
and Sandrock that form the coastal cliff, continued into May 
1952. They caused the concrete sea wall at the base of the 
cliffs to crack and topple over (Anon 1952a). A longer 
history of activity here may be inferred from the fact that 
the path follows the course of a former road which appears on 
O.S. 1:2500 scale maps up to 1939. On the 1st edition 
(surveyed 1862) the remains of fortification embankments, 
variously considered of either Roman or Tudor age, are shown 
seaward of the road. No trace of these is left.

The coastal cliffs in the western part of this sector, 
between Wheelers Bay and Monks Bay, which consist of erodible 
chalky landslip deposits (5.3.2), were reported by Norman 
(1887) to have retreated "rather more than 12 yards during 
the last thirty years", i.e. approximately 0.37 m/year. In 
contrast, Squire et al. (in press) estimate the average rate
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of recession here at 0.14 m/year before the construction 
recently (1967-73) of timber revetments which have largely 
halted the erosion.

7.1.7 Dunnose/Luccombe

Two major landslides, usually referred to as the "East 
End Landslips", occurred in this sector in the early 19th 
century. The first, in 1810, involved "upwards of 20 acres" 
(8.1 ha) according to Brannon (1825) or "30 acres" (12.1 ha) 
according to Barber (1834). Even before this landslide took 
place, however, it is clear from Englefield's (1816) 
description, made in or before the summer of 1810 that the 
area was occupied by the remains of earlier failures. He 
also notes that "a part of ... Dunnose is ... in a state of 
constant degradation", that "a spring ... renders the whole 
slope beneath it boggy and soft", and that "deep cracks, the 
evidence of continual subsidence, intersect this slope in 
every part". He remarks that "under the rocky cliff more to 
the northward, the whole slope seems to have attained perfect 
stability, and the luxuriant coppices must long have grown 
undisturbed". A footnote, however, reports that these 
coppices were torn to pieces by the "very considerable 
subsidence" of the latter part of 1810.

The exact location of the 1810 landslide is unclear, 
although Brettell (1848) states that it occurred close to 
Bonchurch. From Adams' (1856) account, "... for three days 
successively the earth heaved and sank", it would appear that 
the movements of the slide were not violent. The area was 
visited in 1811 by Webster. From his description, given in a 
letter published in Englefield (1816), it apears that the 
slide extended for "many hundred yards" along the coast and 
that it involved both a renewal of movement in the Undercliff 
area and, in its western part, a considerable fall of part of 
the rocky upper cliff.
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A second and larger landslide occurred in this vicinity 
in December 1818 which destroyed in one night at least 30 
acres (12.1 ha) (Brannon 1825). According to Barber (1834), 
50 acres (20.2 ha) were involved, while Wilkins and Brion 
(1859) give a figure of more than 50 acres. Brettell (1848) 
adds that the slide threw "a little promontory” out to sea.

Prom the 1:2500 scale topographic map (sheets 6 and 7), 
the total area of the landslip, from the rear scarp to the 
top of the coastal cliffs, appears to be about 12 to 15 ha. 
Even allowing for marine erosion in the intervening period, 
it is unlikely that the combined area affected by the 1810 
and 1818 landslides exceeded about 15 hectares. Matthews' 
(1977) estimate of 27 ha almost certainly includes areas of 
more recent instability, particularly at the northern and 
southern margins of The Landslip complex. It is thus 
concluded that the higher estimates of the areas involved in 
the two major slides are, like the estimates of the slide 
areas in the BR sector, somewhat exaggerated. Unless the 
lower estimates are also much exaggerated, it seems also that 
there must have been considerable overlap between the areas 
affected by the 1810 and 1818 landslides. The available 
evidence indicates that both were essentially renewals of 
movement in earlier multiple rotational landslides occupying 
the Undercliff, and that these were of slope failure type. 
Certainly the 1810 and possibly also the 1818 one were 
accompanied by failures of the rocky rear scarp, which may 
have taken the form of rockfalls and/or deep-seated movements 
of a further block of Upper Greensand. Whether these 
failures were retrogressive or progressive is not known.

Intermittent instability has occurred in this area since 
the 1818 landslide, but on a considerably smaller scale. 
Brannon (1825) mentions that fragments of the upper cliffs 
are frequently "shivered off” and Wilkins and Brion (1859) 
report several landslips of less severity than those of 1810 
and 1818, especially one which occurred in the winter of 
1847. The latter is described by Adams (1884) as a large



273

rockfall. This presumably came from the rear scarp.

Subsequent instability seems to have been concentrated at 
the seaward edge of the Undercliff rather than at the rear 
scarp. Norman (1887), for instance, records that between 
Luccombe and Bonchurch "large masses of the junction bed and 
Gault are almost continually falling over the cliff below the 
landslip to the shore".

In February 1910, a length of the lower cliff at the 
northern end of this sector, south of Luccombe Chine, was 
involved in a considerable landslide (Colenutt 1938). The 
contemporary accounts (Anon 1910a, 1910b) state that the 
slide was near "Rosecliffe Court" (c. SZ 58257898) and that 
"a mass of the cliff about 200 yards long and 50 yards wide 
moved seawards and many thousands of tons of iron sandstone 
fell on the land below, demolishing the private sea-wall and 
groynes". The remains of this landslide are still visible, 
extending from about SZ 584788 to 584792 and forming a lower 
undercliff behind Bordwood Ledge. According to Winton 
(1965), the landslide destroyed several houses situated at 
the cliff foot. These are shown on the 1st edition (1863) 
O.S. 1:2500 scale map. The failure may have been seated in 
the stratum member 2b (figure 2-8b), a glauconitic pebbly 
sandy mud towards the base of the Sand rock formation (Mr M C 
Matthews pers. comm. ).

A number of smaller rotational landslides have affected 
the Gault at the seaward edge of the Undercliff, especially 
in the southern half of the area (Matthews 1977, Street 
1981). One of the more Important of these occurred during 
the winter of 1960-61 at about SZ 582785. The slide extended 
roughly 100 m along the coast and sank about 5.5 m at its 
rear. A hut which stood at about SZ 58157852 was damaged. 
In 1959 a smaller area in the same vicinity sank about 0.6 m 
and in 1922 a slide in the Gault at the southern end of The 
Landslip was noted by Morey (1922). Since 1968 a further, 
relatively minor landslide has taken place at about
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SZ 58137822. Intermittent instability, involving 
retrogressive retreat at the head and the spilling of debris 
over Dunnose cliff at the toe, continued until at least 
1980-81. An adjacent similar small slide, at about 
SZ 58157835, began to show signs of sliding in 1977 (Matthews 
1977) which continued through 1979-80. This slide was 
studied in detail by Street (1981).

7.1.8 Patterns of instability

A summary of the above historical records is presented in 
figure 7-5, which is derived from Hutchinson (1965b). This 
shows that since the end of the 18th century there has been a 
striking concentration of the known, major landslides at the 
E and W ends of the Undercliff. During the same period the 
central Undercliff appears to have been relatively free from 
catastrophic movements. The marked variation in degree of 
landslide activity along the length of the Undercliff 
exhibits a remarkable symmetry which appears to be related to 
the thesis of structural and stratigraphic control of 
landsliding suggested in 6.3.2

Hutchinson (1965b) proposed a scale of apparent landslide 
intensity, "high" in the HR and DL sectors, "medium" in the 
CP, PM, VN and BC sectors, and "low" in the BS sector. This 
pattern was attributed, correctly, to the changing level of 
the Gault outcrop. Hutchinson suggested that passive 
resistance would inhibit movements where the base of the 
Gault lies below beach level. On the other hand, the 
stability of certain parts of the Undercliff, where the base 
of the Gault lies above beach level, may be due to good 
underdrainage. Hutchinson also claims effects from 
differences in intensity of marine attack and from the 
variation in resistance to erosion between the Gault and the 
various members of the Lower Greensand Group exposed in 
coastal cliffs. The present writer is inclined to modify 
some of these explanations on the basis of recent findings
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concerning the form of the Ventnor Syncline and the 
geotechnics of the Gault.

In the first place, it is not at all clear that the "base 
of the Gault" is as significant an horizon as originally 
inferred by Toms (1955) and Hutchinson (1965b). The evidence 
from exposures at both Blackgang and Dunnose (see 8.1.2), 
partly confirmed by the geomorphology near Reeth Bay and by 
boreholes at Bonchurch, points to the lowest one-third of the 
total Gault thickness being undisturbed by the multiple 
rotational landsliding. The more detailed elucidation of the 
Southern Downs and Undercliff geological structure suggests, 
secondly, that this potentially significant horizon does not 
in fact pass below beach level, and consequently the failures 
may more appropriately be referred to as slope and toe 
failures, without a base failure component. A significant 
element of passive resistance is probable, owing to the 
presence of the great back-tilted and displaced landslipped 
blocks and the aprons at the toe of the old landslides. 
Erosion here is relatively minor, readily preventable by 
appropriate protection strucures (5.3.2), and naturally 
inhibited by the durability of the associated hard Upper 
Greensand blocks and boulders (5.3.1). As noted in 6.3.2, 
the Gault is almost never exposed to direct marine attack, 
being either masked by landslip deposits near the centre of 
the Undercliff (and the axis of the Syncline) or set back 
from the Lower Greensand coastal cliffs near the E and w 
extremities. While it is true that marine erosion results in 
appreciable coastal cliff recession at the latter places, 
particularly in the BR sector, the position of the toe of the 
landslides in the Gault has, in successive O.S. surveys since 
1862, shown virtually no change. This suggests that marine 
erosion is probably not a major stimulus to activity in the 
Undercliff landslides, but is, however, an efficient remover 
of landslide derived debris.

It is not clear in Hutchinson's (1965b) model why there 
should be renewed movements in the VN sector which has now
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been shown to occupy a situation close to the axis of the 
Syncline where he would be led to expect "low" intensity 
activity. The history of movements (see also 7.2) suggests 
instead that, while not "violent" or "catastrophic", they are 
major in significance. Again the probable reason for this 
pattern of activity may be traced to a unique combination of 
geomorphological features; namely, an obscured or poorly 
developed rear scarp and an area at the toe, in the vicinity 
of Ventnor Bay, without appreciable apparent toe resistance. 
This is reflected in the high D/L ratio for this area shown 
in figure 6-30.

In fact, there could be some significance to the 
observation that the three principal unstable areas in the 
Undercliff have D/L ratios greater than about 0.2, whereas 
the remainder of the Undercliff has values less than about 
0.15 - 0.18. However, the difficulties of determining the 
values of the morphometric indices, mentioned in 6.3.1, 
suggest that any significance attached to this observation is 
relative, rather than real.

The "medium" intensity activity in the PM sector behind 
Binnel Bay is consistent with the geological model, but the 
absence of historical movements in the geologically 
equivalent BC sector may again be accounted for by the 
geomorphological differences described in 6.3.2.

Hutchinson's (1965b) conclusion, that "continued marine 
erosion ... will effect a gradual worsening of stability 
throughout the Undercliff", causing "the existing zones of 
high landslip intensity to spread inwards until they occupy 
the whole Undercliff", is an alarming possibility when, as in 
that account, no time-scale is given. At the present level 
of landsliding activity, it is clear that the largest 
possible tenure of geomorphological change must be envisaged. 
Short-term stimulation of such activity is thought to involve 
a high seasonal increase in groundwater levels, in 
combination with the kinds of geomorphological susceptibility
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described iibove. ibis can account for the overall pattern of 
observed historical activity. The fact that even the 
"catastrophic” renewals of movement have probably not 
resulted in drastic changes to the geomorphology of the 
sectors where they occurred suggests that the patterns of 
geomorphology and activity are of great antiquity and 
longevity. Short-term future instability is therefore 
unlikely to "worsen" or "spread inwards" very much without 
the removal of major features such as the aprons and 
landslide blocks which currently obscure the toes of the 
landslides and protect them naturally from marine attack.

A further short-term (historical) consideration of 
landsliding activity relates to stimulation by seismic 
shaking. The records of earthquakes felt in the Isle of 
Wight, mentioned in 2.2.4, show no apparent correlation with 
the occurrences of major landslides or rockfalls in the 
Undercliff. It is known that small rockfalls from the Lower 
Greensand coastal cliffs at Atherfield and Lake were 
occasioned in June 1931 (Anon 1931). The possibility of 
similar small events in the Undercliff is not unlikely, 
although to the writer' s knowledge none has been reported 
from this area.
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7.2 ACTIVITY IN VENTNOR

7.2.1 Conditions and effects

During and after the winter of 1960-61 a greater than 
usual amount of landslide activity took place in several 
places in the Undercliff (figure 7-5). In terms of area 
involved and potential significance, that occurring in 
Ventnor was by far the most important, and is reported here 
in some detail. It is clear from 7.1.5. that very slow, 
intermittent subsidence and seaward movements had been 
affecting parts of Ventnor since at least the 19th century; 
the apparent acceleration in these movements during 1961 has 
prompted concern as to their likely causes, effects and 
future implications.

The stimulus for the increased rate of movements is 
almost certainly related to greater than normal rainfall from 
late 1959 to early 1961. An analysis of rainfall records is 
presented in figure 7-6; the annual total for 1960 is 
1355 ran, in contrast to the annual mean (1926-83) of 840 ram. 
During this period the discharge from springs in the Ventnor 
tunnel (I.G.S. No. 345/13) was said to be 5 or 6 times the 
normal winter flow (see also 4.1.4). It is of interest also 
that the level recorded in Chilgrove well (figure 4-5) in 
November 1960 was the third highest since records began in 
1836.

Evidence of movement was by the appearance from late 1960 
of widening cracks in roads, walls and buildings. Many of 
the more severe cracks were traceable in plan for some 
distance linearly and were found to be aligned parallel with 
the coast and the landslip terraces of the Undercliff behind. 
Hutchinson (1965b) regards this kind of cracking pattern as 
having resulted chiefly from differential movements between 
successive blocks of slipped strata, which could be viewed as 
partial vindication of Toms' (1955) proposal, for the 
sub-surface structure of the Undercliff in Ventnor
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(figure 7-7). The locations of some of the movements are 
indicated in figure 7-8, from records kindly made available 
by Mr E J Alderton (former Technical Officer, South Wight 
Borough Council). This shows in fact that the movements have 
been concentrated apparently into two principal zones: a 
seaward zone up to 200 m wide between SZ 558772 and 564774, 
and more active at its western end; and a landward zone up to 
300 m wide, in the vicinity of the rear scarp shown by the 
Geological Survey maps (I.G.S. 1909, 1976), between SZ 549773 
and 563777. A width of up to 170 m of the rearward part of 
this zone lies behind the previously recognized reax scarp.

A number of houses that are thought to have been either 
damaged or destroyed as a result of the landslide movements 
axe also indicated in figure 7-8. The damage to property in 
Ventnor resulting from these movements of the 1960-61 winter 
gave rise to claims for compensation amounting to £78,000 
(Anon 1962). The movements during that winter were estimated 
by Alderton (pers. comm, to Hutchinson) to be "generally as 
much as had occurred during the previous thirty or forty 
years".

In subsequent discussions with Mr Alderton on this 
subject, he emphasizes that the areas affected by the 
accelerated movements had had a long history of movements 
involving, in the case of a cottage at SZ 55777772, an 
estimated total subsidence in the past century of 1.4 m. A 
large part of this probably took place during 1960-61, 
however.

The movements took the form of gentle differential 
subsidence, the decline generally being toward the coast, 
with associated slight seaward tramslation. The most rapid 
movement observed was 19 mm/day for 7 days in Bath Road 
(SZ 55947739), eventually producing a 0.3 m drop in level 
across a cleft 0.3 m wide. Other kinds of movement included 
the heaving up of an area of the foreshore, involving the sea 
wall, at about SZ 56047736; and the subsidence to the
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landward of an extensive fissure, continuously traceable for 
at least 330 m, in the vicinity of Steephill Down Road. This 
is paired with another line of subsidence lying 20 in further 
landward, such that the combined form and movement of the 
enclosed land is best described as a graben. Because of its 
importance it will be referred to as the Lowther graben after 
the Post Office which is subsiding with it.

Subsequently the area was comparatively stable for about 
14 years. Isolated small movements in 1963-64 and in 1972 
were reported by Petley (pers. comm, to Hutchinson). The 
earlier of these movements may relate to above average 
rainfall in August and November 1963, following closely the 
great movements three years earlier. In 1976 some very slow 
movements were again evident (Hutchinson Reconn, in prep.), 
for instance in the Belgrave Road area (c. SZ 560774). It is 
likely also that these were stimulated after about 6 months 
of unusually wet weather, beginning in September 1976, 
following the 11 month drought of 1975-76. The movements 
appear to have continued during 1979, 1980 and 1981, and 
further damage to walls, roads, underground services and 
buildings was again widely noted in both the unstable zones 
in Ventnor. There is no clear long-term climatic correlation 
with these continuing movements, although the single monthly 
rainfall totals for October 1980 and October 1981 were 
considerably above average.

It is relevant to note that several relatively new houses 
in the vicinity of Steephill Court Road and Castle Court 
(c. SZ 548772) began to show signs of damage from 1973, which 
appears to have become appreciable after 1976. Houses on 
both sides of the road were affected during 1978-79. Records 
of these have been kindly made available by the National 
House Building Council (N.H.B.C.). Most damage was due to 
cracking and differential settlement of the reinforced 
concrete raft foundations, accompanied by tilting and slight 
seaward displacement. At least two linear cracks are 
visible, the seaward one of which passes through or nearby
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several of the damaged houses and has disrupted boundary 
walls and the road. The affected area lies, however, outside 
the previously identified zones of instability in Ventnor. 
It is west, and downslope, of the site of collapse into voids 
on the Whitwell Road. An examination of the provisional 
(1939) edition O.S. 1:2500 scale map reveals that the site 
formerly carried the St Lawrence—Ventnor railway line, which 
was closed in 1952 (Allen and Macleod 1967), accounting for 
the relatively recent residential development of the site. 
The N.H.B.C. reports describe considerable cut and fill 
associated with altering the former railway alignment, 
building the road and levelling the sites of houses. It is 
thought locally that the movements could be due partly to 
differential settlement over axeas of cut and fill. This may 
have been exacerbated by the effects of the 1976 drought. 
Continuing movements are not apparent, as has been the case 
elsewhere in Ventnor, and no further damage has been reported 
recently to the N.H.B.C. The damaged houses have been 
reconstructed on the same sites.

7.2.2 Survey measurements

Taxing as a guide both the information on historical 
movements (figure 7-8) and the evidence of recent and 
continuing movements, noted during field mapping in the 
Ventnor area, it was decided that quantification of the 
distribution and rates of these was desirable. Two
programmes of instrumental surveying were instigated in the 
latter part of 1981, taking as their basis a long-term and a 
short-term time scale. The first involved the re-levelling 
of most of the O.S. benchmarks in and adjacent to the areas 
of Ventnor where movements had been observed. In conjunction 
with the level history of the older benchmarks, a long-term 
indication of both the distribution and the amount of 
subsidence has been compiled. The second programme was 
directed to the monitoring over about one year (short-term) 
of the vertical and horizontal movements of certain very
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sensitive areas in Ventnor, particularly the fissures 
bounding the Lowther graben and similar well-disclosed, 
aligned cracks. The procedures and results of these 
investigations are reported below.

Benchmark, survey

Ordnance Survey benchmarks are shown on the 1st edition 
1:2500 scale map of Ventnor (surveyed 1864); unfortunately, 
none has survived. Only on the 2nd edition map (1896) do 
permanent benchmarks first appear, from which a history of 
their levels could be determined. On subsequent editions, 
the 3rd (1907) and the Provisional (1939) of the Hampshire 
County Series and the 1st (1960) Series of the National Grid, 
further benchmarks are shown. It is assumed that both the 
new and the previously existing benchmarks were re-levelled 
prior to the publication of each new edition of the map, and 
in the case of the older editions the period between the 
survey and its publication is about a year. The levels of 
the benchmarks have been taken directly from the map sheets, 
during visits to the Ordnance Survey archives and to the 
British Library. For the latest National Grid Series, 
however, the surveying was completed during 1959-60; 
fortuitously, just prior to the accelerated subsidence that 
took place within the following year. Full benchmark lists 
have been obtained from the O.S. of that survey. The map 
sheets, published in 1977, that form the base map for the 
topographic survey of the Undercliff, continue to bear the 
levels obtained during 1959-60. As a result of the movements 
in the subsequent two decades, many of these levels are no 
longer valid, and it was the purpose of the benchmark survey 
conducted during 1981-82 to establish the current levels. It 
may be noted that, in the areas affected by movements, the 
published spot heights were not used for level control in the 
photograirmetric mapping of the Undercliff (6.1.2).

Shown in figure 7-9 are the locations of the benchmarks 
whose level history has been investigated (table 7-2). For 
convenience these are numbered in order of their grid
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references. An area in Ventnor greater than that affected by 
the recently mapped movements is covered, as may be seen by 
comparison with figure 7-8. In general only those benchmarks 
with a demonstrated history of subsidence prior to 1960 were 
re-surveyed in 1981-82.

The surveying was carried out by direct trigonometric 
levelling using the Kern DKM2AE, and later the Kern El, 
theodolite fitted with the DM501 electronic distance 
measurement (EDM) device, using the same procedures outlined 
in 2.2.3. This method is considered superior to conventional 
levelling, for the considerable elevation differences 
entailed, even over short sights or traverses, would have led 
to unacceptable errors. Two benchmarks located outside the 
Undercliff area (BMs 12 and 29) were chosen for their 
stability as local reference datum levels. Curvature and 
refraction corrections (Garner et at. 1976) were applied to 
longer sights, none of which exceeded 305 m, although these 
effects could have been ignored. The accuracy was checked in 
closure on three occasions: (i) from BM 12 and BM 29 to an 
intermediate temporary benchmark (total sight length
905.8 m), 0.010 m; (ii) a circuit of 893.8 m between BMs 14, 
20, 27, 33 and 19, 0.002 m; and (iii) a circuit of 847.7 m 
between BMs 23, 14, 20 and 24, 0.017 m. These errors are 
acceptable and the levelling results are listed to the 
nearest 0.01 m

The results of both the recent surveying and the level 
history of the benchmarks are presented in table 7-2. It 
should be noted that the removal or destruction of certain 
BMs prior to 1981 (e.g. 6, 11, 16, 21, 25) was possibly as a 
result of damage by subsidence; others (e.g. 8 and 10) have 
been affected by recent local construction. The levels of 
the 1939, 1907 and 1896 surveys have been converted to 
metres, and those of the latter two have been corrected from 
Liverpool to Newlyn Ordnance Datum. It is also apparent, 
from an examination of the levels of four stable benchmarks 
outside the Undercliff (BMs 8, 10, 12 and 29), that on
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average an increase of +0.06 m in level over the 1939 survey 
was recorded in 1959-60, probably as a result of regional 
adjustments to the national geodetic grid. This has been 
taken into account in assessing the results of subsidence for 
the benchmarks, the results of which are presented in table
7-3.

It is clear that, of those benchmarks with a significant 
history of movement, all have subsided. The exception is BM 
25, situated formerly on the steps of the Esplanade, which 
appears to have heaved up during 1907-39, in general 
accordance with the subsequent observations of movement at 
this place. A particularly notable increase in the amount of 
total movement between 1960 and 1982 is evident from table 
7-3. It is apparent that the vertical subsidence during this 
period was approximately double that of the previous two 
decades (1939-60). The few available records of the period 
1907-39 suggest appreciable movements took place near Bath 
Road (BM 25), Ocean View Road (BM 6) and Zig Zag Road (BM 
11), these all being areas which continued to move. The 
greatest recent movements were sited within the Lowther 
graben. As noted in 7.2.1, the greater part of these
probably occurred during the winter of 1960-61 and after 
1979. Alderton's (pers. comm. ) unpublished records suggest 
that up to 0.4 m of the total of about 0.6 m subsidence had 
occurred prior to 1976. Owing to the uneven historical and 
areal distribution of the benchmarks, and to the poorly 
disclosed pattern of amounts of movement, it has not been 
possible to prepare a map showing contours of equal 
subsidence. Given sufficient extra information, it is very 
likely that the two zones noted in 7,2.1 would be discerned 
clearly, and almost certainly the upper (graben) area would 
be distinguished as the focus of maximum movements.

Extensometer gauge monitortng

The importance of the linear cracks and the fissures 
bounding the Lowther graben, for example, were recognized 
clearly. In view of evidence suggesting that slow movement
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was still taking place at certain sites, it was considered 
that a monitoring programme would be very worthwhile to 
quantify the short-term rates of movement, together with the 
effects of possible seasonal variations. The evidence of 
recent continuing movements included regular repairs being 
made to disrupted road surfaces, particularly where Newport 
Road crosses the graben at about SZ 55657770; signs of fresh 
cracking in the adjacent Havensbush playground; and 
continuing problems with the natural gravity fall of a deep 
sewer which flows north from Upper Ventnor, through the 
graben, towards Wroxall. The tunnel is cut in Lower Chalk 
and is lined in places near the graben with either brick or 
reinforced concrete and steel joists which, since they were 
installed, have cracked and bent. The effluent is piped 
through this section and the pipe has had to be lifted at 
least 0.25 m as the floor has subsided. Most movement occurs 
on the landward fissure and in 1978 the road and sewer 
collapsed here. Several other places, including Ocean View 
Road, Gill's Cliff Road and Bath Road, have also exhibited 
signs of movement. The locations of 9 sites are shown in 
figure 7-8; several are illustrated in figures 7-10 to 7-12.

Measurements of horizontal and vertical distances were 
made between pairs of reference studs that had been installed 
on either side of well-defined crack features. The studs are 
made of 200 iran long x 32 mm diameter brass rod, threaded at 
the top and fitted with special caps. These were set in 
concrete in pre-drilled holes 0.25 m deep, mainly on 
footpaths, aligned vertically and finished flush with 
pavement level. The playground studs were set in 0.5 m deep 
foundations.

The measurement apparatus is a rod extensometer, i.e. a 
set of threaded brass rods in different lengths, and made in 
two diameters, 25 mm for the vertical uprights which are 
screwed into the reference studs and 13 iran for the horizontal 
bar which connects with the vertical rods via hemispherical 
seatings. A typical set-up is illustrated in figure 7-13.
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Using special adjustable sections the horizontal and vertical 
alignments are carefully corrected to level the horizontal 
bar, and the amount of adjustment required is measured by a 
vernier caliper. Readings from the caliper are accurate to
0.1 mm. The extensometer apparatus was manufactured in the 
workshops at Imperial College, as no suitable (and 
inexpensive) device was available commercially. Surface 
extensometers and crack gauges used for monitoring rock 
slopes (e.g. Franklin and Denton 1973, Boyd et al. 1973) are 
in general not suitable because they are designed to record 
tension crack widening and shear displacement but not 
relative subsidence. Other equipment such as tape 
extensometers similarly cannot resolve two components of 
crack movement. The new gauge can do this satisfactorily at 
some expense of accuracy.

The horizontal and vertical adjustable sections have a 
sliding barrel fitted with a locknut. An earlier prototype 
used threaded adjusters which proved too flexible and 
unreliable; a reproducibility test (n = 10) yielded standard 
deviations of 0.62 mm in horizontal readings but up to 
1.60 mm in the vertical measurement, mainly due to difficulty 
in levelling the apparatus. Results taken with the more 
reliable sliding adjusters are the mean of two readings, one 
with the horizontal bar reversed, to average out flexibility 
errors. Reproducibility is better than 0.5 mm, and this 
value is taken as the threshold of significance for the 
results.

The movement monitoring sites have been visited 
periodically since early 1982. The installation date of all 
reference studs except at the two playground sites (D and E) 
was 8/12/81, although it was not possible to make the first 
readings until 8/02/82. Data for each site are presented in 
table 7-4. The results recorded in figure 7-14 are the 
cumulative displacement differences, both horizontal (Ax) and 
vertical (Ay), relative to the initial result. It is 
immediately noticeable that appreciable movements axe being
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detected. In roost instances the trend is monotonic, the 
vertical changes being subsidences and the horizontal 
movements being widenings. With the exception of sites C, D 
and E, which are located on the seaward fissure of the 
Lowther graben, all vertical relative subsidences involve the 
drop of the seaward side. This agrees with the general 
behaviour of the movements as predicted by Toms (1955) and 
observed by Alderton (pers. comm.) and Hutchinson (1965b). 
Taking the slope of the trends in figure 7-14 yields 
estimates of the annual rate of movement of the cracks and 
fissures. The slight aberrations in trend shown by the 
earlier readings at some sites (e.g. B, D, G) probably 
reflect in part the uncertainties of the prototype apparatus 
mentioned above; other possible effects may be climatic, 
related to creep in the asphalt of the pavements (unlikely as 
the studs are installed at least 0.25 m deep), or seasonal 
shrinkage and swelling (especially sites D and E). No clear 
seasonal effect is evident at all sites.

The most significant values of both vertical and 
horizontal movement are shown by the five sites A-E located 
on the fissures of the Lowther graben. The predicted maximum 
rate of 45 ram/year at site A is reflected in the destruction 
of the stud installation during repairs to power cables 
damaged by the considerable movements. The average rate of 
graben subsidence is probably of the order of 20 - 25 
mm/year, together with lateral expansions up to about 20 
mm/year. The other sites appear to be suffering only minor 
movements. Site H is the most active of these, as confirmed 
by road repairs needed in the vicinity during 1981. Site J 
(Bath Road) is probably not moving currently.

7.2.3 Implications

Ventnor is a town with a resident population of at least 
6000 people. It is sited largely within the Undercliff, 
which in turn is composed of old landslip masses. Parts of
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the town, both within and outside the recognized area of the 
Undercliff have in relatively recent times begun to move in a 
manner which may be related to probable activity and/or 
re-activation of the landslide complex. This clearly 
presents a problem of considerable significance, unmatched in 
British geotechnical experience.

Reliable historical records of ground movements in 
Ventnor are limited to the level history of Ordnance Survey 
benchmarks and to unpublished maps and notes collected since 
the late 1950s by Mr E J Alderton, former Technical Officer, 
South Wight Borough Council. These records show that land 
movement, evidenced mainly by subsidence, has been taking 
place for most of this century, but that a significant 
increase in the rate of movements was perceived after the 
winter of 1960-61. These have been attributed to a preceding 
lengthy period of unusually wet weather. The movements 
appear to have slowed or stopped after about 1963, but to 
have begun again after 1978. There is a less certain 
relation of the latter movements with preceding climatic 
extremes, and the rates of movement, while perceptible, are 
less than those of 1961.

Recent investigations have comprised the re-levelling of 
many O.S. benchmarks, since the last official survey was in 
1959-60, prior to the increased rate of subsidence. This has 
revealed a total subsidence in the period 1960-82 of as much 
as 0.63 m in one place. It is not possible to separate 
exactly the proportion of this amount due to the 1960-61 
movements alone, although it may have been as much as 0.4 m. 
A programme of movement monitoring, begun in 1982 at certain 
places where continuing movement was evident, has revealed 
that vertical subsidence and seaward lateral movement is 
proceeding at rates generally of as much as 20 mm/year (and 
45 mm/year at one particular site). A comparison of these 
present rates with the total movement during the last two 
decades shows them to be consistent, even if activity occurs 
intermittently at slightly faster rates.
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The nature of the movements is not catastrophic, hut 
their effect is plainly seen in pattern of cracking, 
retaining wall failures, damage to roads and underground 
services, and damage and destruction of buildings. An 
interesting distribution of the activity has been discerned, 
and it clearly does not affect every part of Ventnor, nor is 
every property within an active zone necessarily damaged or 
at risk. The information contained in figures 7-8 and 7-9 
has been summarized to show the zones of activity in figure 
7-15. it is likely that the movements in each are 
interrelated. Taking as a guide the geomorphological model 
(figure 6-20) for the multiple rotational landslides here, it 
is probable that deep-seated slip surfaces exist in the Gault 
(see 8.4,6) and between the comprising landslide blocks. 
Areas without much evidence of movement, i.e. between the 
seaward and landward zones in western Ventnor, may 
nevertheless be undergoing mass translation or subsidence.

The landward active zone includes, on its seaward margin, 
the position recognized by the Geological Survey as the 
degraded and obscured rear scarp of the CJndercliff; however, 
the fact that a considerable movement exists further landward 
of this is virtual proof that landsliding in the Undercliff 
may be extending retrogressively to incorporate a new and 
very large "slice" of the outlier. A major graben structure 
is recognized in this landward active zone. The importance 
of such a structure should not be under-emphasized. The 
development of a graben and the opening of fissures and 
linear cracks commmonly presages translational or 
non-circular deep-seated rotational failure. It is the 
belief of the writer that slip surfaces deep in the 
Undercliff extend landward to the position of the graben, and 
that it is therefore proper to consider the rear scarp of the 
Undercliff to lie at about this position. Behind the graben, 
there is a steep slope, 8 - 14 m in height, which could be 
interpreted as a kind of degraded "rear scarp". The urban 
development and undoubted modifications of this slope obscure 
any exposures of the Lower Chalk strata here, and no
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indication of possible relative displacement is obtainable.

It is impossible without major sub-surface investigation 
to comment further on the mode, time-scale or liXely effects 
of a potential failure.
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7.3 MEASUREMENT OF AN OPENED FISSURE

7.3.1 Apparatus

During field mapping in the BG sector in 1980 a large 
fissure was discovered running for approximately 20 m 
parallel to the cliff face at SZ 49427605, i.e. immediately 
NW of the site of the 1928 cliff fall from Gore Cliff (see
7.1.1, table 7-1). The fissure is illustrated in figure 
7-16. Measurements of the landward face of the crack, which 
is remarkably smooth and planar, have shown it to dip 
approximately 85° at an average bearing of 215°. From 8.2.1 
this may be recognized as one of the two dominant joint 
trends in the Upper Greensand and Lower Chalk of Gore Cliff. 
It is probable that the fissure was formed during the events 
of July 1928 (Anon 1928c) when many cracks appeared and the 
outer edge of the cliff subsided slightly. This is 
consistent with the present configuration of the fissure 
which has opened to a maximum width of 0.23 m with the 
seaward block showing signs of having subsided and 
back-tilted. In places the fissure is infilled with Lower 
Chalk debris and grassed over. The depth of the fissure is 
not known, as it has been infilled to within 2 m of the 
ground surface; however, there axe signs on the cliff face 
that cracking may have penetrated through the strata of the 
Upper Greensand Formation to at least the Passage Beds. This 
suggests that a considerable slice of the rear scarp, 
possibly involving as much as 15,000 tonnes of rock, is in a 
state of marginal stability. It was considered worthwhile 
establishing a monitoring device to determine whether small 
movements were taking place. In the event of an imminent 
cliff fall, a good record of precursory movement would also 
be provided.

A special prototype displacement gauge was designed and 
built at Imperial College. The prime requirements were that 
it be small, self- contained and secure to take and record 
daily readings. Movement was registered by a linear
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potentiometer mounted in a small watertight unit which was to 
be installed in the fissure. A "Variohm” position transducer 
(SLF 25) with a manufacturer's cited precision of 0.25% was 
used in the set up shown in figure 7-17. The unit weighs 
c. 1.50 kg and is supported on a base-plate that is firmly 
cemented to the landward face of the fissure. The gauge has 
an operating range of 24 ram, and a minimum overall length of 
177 mm, making it suitable to fit within the fissure. The 
spring was fitted slightly compressed, so that in "relaxed" 
mode the central rod of the potentiometer is kept fully 
extended. The spring is compressed, and the rod retracted to 
install the gauge. A stainless steel plate is cemented to 
the opposite face to present a clean hard surface for the tip 
of the gauge to settle against. There is therefore no 
contact maintained between the two faces of the fissure other 
than by the ball of the tip and the plate, and the displaced 
block is free to topple or slide. Only the horizontal 
component of the motion is recorded by the gauge. As the 
greater movements of cracks observed in 1928 had been 
widening, it was considered that the aims of the 
investigation would best be met by installing the gauge 
horizontally to span the fissure.

The other main components of the gauge were designed and 
assembled by Dr R D Wing, Department of Civil Engineering, 
Imperial College. These comprise a power supply, a clock and 
control unit, and a recording system. All were contained in 
a rugged watertight box measuring 310 x215 145 mm as shown in 
figure 7-18. The power supply to the potentiometer is 
provided by two PP9 (9 volt) batteries. The clock operates 
in "alarm set" mode to turn on the control system every 24 
hours at a pre-set time. The control cycle runs for 
approximately 5 minutes to allow certain components to 
stabilize. A recording period, lasting approximately 51 
seconds, begins near the end of the control cycle which, when 
a reading has been completed, automatically shuts off until 
the next cycle is initiated. There is a manual over-ride for 
this system. The signal from the potentiometer (a voltage),
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which is returned through the connecting cable during the 
recording period, is converted by the control system into an 
audible frequency. This is fed into a portable cassette tape 
recorder, set to "record" mode, the operation of which is 
again controlled and limited to the 51 second recording 
interval. The tape recorder, the clock and the control sytem 
are powered separately by appropriate sets of batteries. 
Using high quality C-90 studio tape cassettes, it is 
therefore possible to collect nearly 1.5 months’ daily 
readings on one side of the tape. In practise it was found 
suitable to visit the site monthly to retrieve the tape and 
replace the batteries. The cost of the components was less 
than £165.

The data on the tapes is read and analysed by re-playing 
the tape and feeding the signal through a frequency/voltage 
converter, an attenuator and a digitiser into an HP-85 
desktop computer. The information on each 51 second 
recording interval is read at a rate of 512 samples in 
100 ms. A graphics display of each daily record is produced 
and the operator selects a desired signal range (usually at 
least 400 samples) to eliminate end effects from starting and 
stopping the tape. Statistical interpretation of the data is 
computed and the results printed as a numerical mean and 
standard deviation. The resulting number has no dimensions 
but is proportional to frequency and to the distance 
registered by the gauge. Each reading takes about 2.5 
minutes to process, so a months’ records may be analysed in 
less than 1.5 hours.

Before being installed in the field the apparatus was 
calibrated. Using a special displacement gauge calibration 
device, on which distances can be measured to better than
0.01 nan, the performance of the gauge in both extension and 
compression was tested. Beginning with the gauge rod fully 
retracted (the spring at maximum compression), 1.00 mm 
extension increments were made over the whole range. 
Extension (b) is taken as the positive convention in relation
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to possible fissure widening. Further tests were made in
5.00 mm compression steps and the reproducibility of one 
reading was checked. The results are shown in figure 7-19. 
The calibration tape was also played through a frequency 
monitor to determine the relationship between frequency and 
the dimensionless number (JV) produced by normal analysis. It 
is clear that the response of the potentiometer is linear 
over the greater part of its range, though there appears to 
be some slight deviation near the ends of the scale. No 
hysteresis is noticeable. The representative portion of the 
line is taken between extension values of 5.00 and 18.00 mm, 
where the slope N/b is seen to be -49.82 mm_i. The standard 
deviation (which has 68.3% confidence limits) of each 
reading, as printed from the computer analysis, varies 
generally between N - 1.8 and 2.3. This suggests that at the 
90% level of significance (1.64 x standard deviation) the 
signal recorded on tape can resolve b to better than
0.075 mm. The test of consistency had a standard deviation 
of N - 3.65 or b = 0.073 mm, part of which can be accounted 
for by some backlash in the calibration testing equipment. 
Taking the two sources of error into account, it will be 
assumed, again at the 90% level of significance, that the new 
gauge can resolve distance to the nearest 0.25 mm, which is 
an error of 1.9% over its linear range and 1.0% over its full 
range.

A further calibration test was made of the apparatus to 
check whether the effect of temperature variation was 
significant. One important component of the control system, 
an oscillator, has a manufacturer's estimate of drift of 
50 ppm per l°C. For a fixed gauge setting, the apparatus was 
moved bodily between different environments, varying from a 
laboratory, to outdoors on a roof, to the inside of a 
refrigerator. Results are shown in figure 7-20. There 
appears to be a significant "extension" recorded at 
temperatures below 10°C. This may be actual, if the 
expansion coefficient of the gauge mounting is sufficient to 
cause a real shortening, and thus an extension of the
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spring-loaded central rod. As this, and the cited oscillator 
drift, ought to be reflected in a linear response, no ready 
explanation for the observed pattern can be offered. It may 
be entirely due to small disturbances to the setting of the 
gauge caused by the shifting between different temperature 
environments. In the field it is likely that ranges of 
temperature at least as great as that shown in figure 7-22 
will occur seasonally, if not daily. Other than keeping an 
independent record of temperature at the time of daily 
recording, a facility which is not available in the present 
system, the best solution is to pre-set the alarm to start 
recording at a time of day when seasonal and daily 
temperature is likely to be stable and almost constant. The 
readings were therefore made at 0600 hours every day. 
Precautions were taken to ensure that the gauge and the 
control and recording box were insulated from direct exposure 
to air, rain or sun.

One of the prime difficulties in maintaining remote, 
automatic gauge installations is to secure against 
interference and vandalism. The site itself was particularly 
exposed and dangerous, lying within 4 m of a 50 m high cliff, 
and out of sight of passers-by using the coast footpath. The 
displacement sensor was installed about 0.7 m below ground 
level, between the faces of the fissure as shown in figure 
7-17. A niche was cut in the adjacent turf, and two long 
steel pins grouted into holes drilled in the rock. A 
heavy-duty motorcycle security cable was fitted through loops 
on both pins and one on the box itself. This could therefore 
not be removed from the site without the cable being 
unlocked. The box was locked and sealed in a strong plastic 
bag, and set in the niche. Plat rocks were piled over it, 
and the turf replaced to complete the disguise. This left 
the electrical cable connecting the gauge to the box as the 
most vulnerable element of the system, although this too was 
partially buried. In the event the installation remained 
intact for over 18 months, and despite occasional 
disturbances to the site, the security precautions were
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adequate. One particularly determined vandal concluded the 
experimental programme by succeeding in removing the lock 
from the box. Surprisingly, only the tape recorder was 
stolen, this being the easiest and cheapest of the components 
to replace. The remainder of the equipment was not affected 
seriously.

7.3.2 Results

The gauge was installed on 25/11/80 and removed on 
1/09/82, following the vandalism of the site. The clock had, 
possibly as a result of the interference, stopped on 
17/08/82, but unanalysed tape records from 1/05/82 were lost. 
Apart from two early gaps in the record, occasioned by 
failure of some electrical components (due possibly to high 
humidity and corrosion) a virtually continuous monitoring 
record of small changes in the width of the fissure has been 
obtained. This record is presented in figure 7-21, showing 
displacement relative to the initial horizontal distance 
between the faces of the fissure (185.5 mm).

The results show certain irregularities which make their 
interpretation dificult. It was, for example, evident when 
analysing the daily data that a false signal had been 
recorded when the graphical display was non-linear or 
"noisy”. These results were reflected by standard deviations 
of N — 15.0 or more (£> = 0.30 mm), and by average values 
which differed radically from day to day. Data with standard 
deviations greater than 2.3 are considered unusual and have 
not been plotted in figure 7-21. The cause of these 
irregularities is not known but possibly arises from 
disturbance of the equipment by vandals, which may result in 
exposure of electrical connections to the weather. The 
possibility of moisture and/or corrosion is suggested by the 
clustering of irregular data into periods lasting from 
several to many days, followed by the resumption of 
apparently normal recording. There is a greater number of
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poor recordings after the end of 1981, when it was noted that 
the graphical displays of daily readings began to assume a 
positive slope over the 51 second recording interval. This 
suggests an apparent increase in the signal frequency during 
the time of its being recorded. The trend clearly arises 
from battery failure of the tape recorder in the field, 
despite care in maintaining fresh cells. The slowing of the 
tape speed while recording will, when the tape is played back 
at constant speed, give rise to an apparent change of signal 
frequency and to fewer than 512 samples being available for 
analysis due to an apparently shorter recording interval. In 
statistically analysing the daily data, average values and 
standard deviations turn out to be greater than expected, 
although some results were linear during an initial few 
seconds of recording, permitting better estimates to be made. 
Other discrepancies in the results were noted on the days 
when tapes were changed. On these occasions an extra initial 
reading was taken, using the alarm over-ride, to ensure the 
equipment was functioning properly. As this was normally 
done in the afternoon, in comparison to the usual daily 
recording time of 0600 hours, the possibility of a 
temperature effect cannot be ignored. A small disturbance to 
the site may also be caused in servicing the equipment. The 
effect is seldom more than a 0.5 - 1.0 mm offset in the trend 
of readings.

Giving regard to the above deficiencies in the record, a 
clear trend of fissure movement is indicated in figure 7-21. 
The trend is seasonal and reversible. Irrespective of 
whether any value is positive or negative, which merely 
describes a deflection relative to the initial reading of 
25/11/80, the slope of the curve shows whether the fissure is 
widening or closing. It is fortunate that the record is 
sufficiently long for the early seasonal gaps to have been 
filled a year later, and therefore for a full year’s cycle to 
be seen. Beginning around early winter, the fissure is seen 
to be at its widest. It then appears that a closure takes 
place into the early summer, from when the fissure more
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gradually opens again.

The total amount of reversible movement suggested is 
7.5 ram. It is unclear from just one year's data whether any 
permanent long-term trend of widening or closing movement is 
taking place, although the agreement of summer and winter 
extreme values is close and does not indicate significant 
permanent changes in the short term. This is confirmed in 
the field by the absence of fresh cracking, crumbling rock, 
or rending of the turf covering parts of the fissure.

To account for the seasonal pattern of slight horizontal 
opening and closing, it is necessary to invoke a shrinkage 
and swelling mechanism in the rock. The Lower Chalk at the 
site is considerably fractured and closely jointed, probably 
as a result of the disturbances that took place in 1928. 
Although the gauge was installed as far as practicable below 
ground level, and certainly was in firm rock, the rock at 
this depth is likely to be weathered and it was also noted 
that fine soil infills the joints. The seasonal pattern of 
shrinkage and swelling is therefore likely to be closely 
related to the water content of the rock and soil, which is 
in turn seasonally dependent on rainfall and evaporation. A 
response similar to that recorded by shallow piezometers
(4.2.4) is evident. Rainfall data are available for the 
whole duration of the fissure measurement programme, and sire 
shown in figure 7-21 for comparison. Daily variations in 
response axe not likely to be shown up, as the day to day 
scatter of relative displacements is generally of the same 
order as the significant threshold of 0.25 mm. Longer term 
effects are better represented, as the beginning of widening 
from early June 1981 and early April 1982 corresponds with a 
generally dry period lasting several months. The onset of 
wetter weather in September 1981 seems to have slowed the 
rate of widening, but there is no clear relation betwen the 
duration and amount of rainfall to account for the rapid 
fissure closing that occurred after early December 1981.
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The following conclusions are drawn from the fissure 
displacement monitoring investigation. Significant seasonally 
reversible horizontal movements of up to 7.5 ram occur, but no 
permanent widening indicates that a cliff fall might be 
imminent. The gauge would be improved by better security 
precautions, better insulation and water-proofing, and a more 
reliable power supply. It was, however, found to be adequate 
to record the movements taking place, and would evidently 
have registered the early stages of cliff failure if they had 
been taking place. The lag in collecting and analysing data 
presents a problem if the apparatus were to be used as a 
hazard warning system. There is no practical reason, as it 
is so relatively inexpensive, why this prototype apparatus 
could not be adapted to such use, and the measurement of more 
than one component of movement is also not an unreasonable 
objective.



300

7.4 THE MARCH 1978 LANDSLIDE AT BIACKGANG

On 3rd March 1978 the largest landslide to have occurred 
in the Undercliff in recent times took place below Gore 
Cliff, near Blackgang. An area of as much as 12 ha was 
affected. In the movements, which continued for at least two 
days, three houses, Cliff Cottage, Sandrock Spring and 
Sandrock Spring Cottage, were destroyed. The events were 
reported widely at the time (e.g. Noyes 1978, Anon 1978c-h), 
and featured on television reports, attracting international 
attention. To the writer’s knowledge no formal account of 
this major landslide has been published. The detailed 
geological and geotechnical knowledge of the Undercliff made 
possible by the present study can now be applied to this 
notable recent example to examine immediate causes, processes 
and effects which will have relevance to both the history and 
hazard of landsliding elsewhere in the Undercliff. The 
writer is especially grateful to Mr R P Young and his family, 
who resided at Sandrock Spring for nearly 34 years and owned
7.3 ha of the slipped land, for their recollections of the 
events leading up to and during the landslide. Many of their 
observations are reported below.

7.4.1 Pre-failure conditions and observations

It would seem that, along with the clear indications of 
movement taking place in the north-western part of the 
affected area, adjacent to Cliff Cottage, since 1935 (see
7.1.1), signs of movement over the greater area had been 
apparent since the late 1950s. At about that time a 
galvanized iron water pipe laid at a depth of approximately
0.25 i along the line of the road to Sandrock spring was 
ruptured. This occurred on a number of occasions, including 
once when the pipe was buckled upwards out of the ground and 
burst. The asphalt road surface between Sandrock Spring and 
Cliff Cottage had been severely cracked several times and had 
subsided on at least one occasion, so that the County Council
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could no longer continue to repair it (Anon 1978c). The 
stretch NW of Cliff Cottage was damaged by a small landslide 
in 1969 and again in 1971. A short diversion track was built 
around the affected area, but this too became impassable to 
vehicles by 1976, requiring all goods to be ferried by hand 
over a rough and, at times, dangerous track between vehicles 
parked at either end of the active area.

Other early signs of movement were also evident. Mr C N 
Young had noticed that shrubs and trees near their tennis 
court, which was located about half-way between Cliff Cottage 
and Sandrock Spring on the seaward side of the road, began to 
die prior to a portion of the tennis court sliding away 
sometime around 1972-73. A garden shed near the house was 
moved back from the edge of the cliff in 1976 when apparent 
recession of the cliff, estimated by Mr R P Young at about
0.3 m per year, threatened it. The Southern Electricity 
Board moved power lines back from the edge of the cliff, 
closer to Gore Cliff, around 1976 also. Mr Young said he 
"knew the house was doomed” and expected to move his family 
back across the road to Sandrock Spring Cottage within ten 
years. Likewise, the new owner of Cliff Cottage, Mr 
R Watson, did not in fact ever live in the house, which was 
vacated in a dangerous condition by the former owners in 
1971? he preferred the apparent safety of a nearby caravan. 
Mr C N Young was, however, of the opinion that the cliff edge 
in front of their house was not receding very much, owing to 
the long continued growth of small trees and shrubs on the 
cliff face. This view is supported clearly by the virtual 
absence of major changes in the Undercliff profile, as 
revealed in successive editions of the Ordnance Survey 1:2500 
scale maps. Mr Young had, furthermore, observed the 
development during about 1972-73 of a slight subsidence 
marked by a crack in the debris abutting Gore Cliff, high 
above the houses. During the intervening time repairs were 
made periodically to stone retaining walls on the debris 
slope rising above Sandrock Spring Cottage due to thrusting 
and bulging of the soil. Both houses remained undamaged.
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From these observations it may be inferred that gentle 
progressive sliding movements, involving subsidence at the 
rear and translation at the toe, were taking place up to six 
years before the eventual major slide.

There is an interesting parallel in immediate pre-failure 
weather conditions between this landslide and the great Gore 
Cliff slide of February 1799. The Isle of Wight caught the 
fringe of a heavy snowstorm that paralysed Dorset on 18th 
February 1978. Ventnor, Niton, Blackgang and Chale were cut 
off for several days by drifts up to 6 m deep in some places, 
although the actual snowfall was estimated at "about three 
inches” (Anon 1978a). Clearance operations cost £60,000. In 
the following week heavy rain, combined with melting snow, 
resulted in widespread flooding (Anon 1978b); 24-hour 
precipitation totals of 24.1 and 11.2 mm were recorded at St 
Catherine's Point Lighthouse on 18 th and 25th February 
respectively. On 2nd March Mr Young was prevented by more 
heavy rain (13.8 mm) from completing repairs to his access 
road. The landslide occurred on the next day.

7.4.2 Chronology and effects of failure

On 3rd March 1978 Mrs Young noticed that a hairline crack 
had appeared crossing the road from the back door of their 
house. A hole developed near the centre of the crack. Other 
cracks had appeared in the road that morning. Mr C N Young, 
returning from work around 6 pm, heard tree roots cracking. 
This was the first indication that abnormal slope movements 
were occurring. As the two were about to have their tea at 
around 6.30 pm, the kitchen floor heaved up and they hastily 
evacuated the house which began to crack severely, bringing 
down the ceilings. Mr R P Young arrived about half an hour 
later to find that their Cottage across the road had been 
completely overwhelmed and crushed by seaward thrusting 
movements of the debris slope against which it was built. 
Only the roof remained virtually intact, giving the
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impression that the building had subsided into a deep 
fissure. Their neighbour, Mr Watson, who made daily
inspections of the road for signs of cracking (Anon 1978f) 
and had evidently noticed nothing untoward the previous day, 
was alerted by hearing creaks, feeling tremors and seeing 
cracks appear. He had time to remove his valuables before 
hearing "a tremendous groaning and cracking as trees came 
down” (Anon 1978h). The live electricity cables came down 
amid great blue flashes which lit up the cliff face.

The movements continued from the evening of 3rd March 
until the morning of 6th March, and thereafter at a slower 
rate for at least a week (Anon I978f, 1978g). Police quickly 
sealed off the area as the magnitude of the landslide became 
apparent. The danger to sightseers who came to view the 
devastation was considerble, as wide fissures up to 3 m deep 
had opened in the road, trees continued to fall, and debris 
and large rocks cascaded over the cliff towards the sea 100 m 
below (Noyes 1978, Anon 1978f).

The main sliding took place, as in the case of the 1799 
slide further SE, in the accumulated rockfall debris and old 
slip masses below Gore Cliff. The outline of the slide is 
still clearly recognizable in the present morphology (figure
6- 6) and is well illustrated in contemporary air photographs 
(figures 7-22 and 7-23).

The area involved has been put at 10.1 - 12.1 hectares 
(25 - 30 acres) (Anon 1978c, Anon 1978f, R P Young pers. 
comm. ), but from figure 7-1 it may be seen that sliding, 
confined to the Gault, occurred only over about 3.7 ha (9 
acres), i.e. from the base of Gore Cliff to just seaward of 
the road. The lower slopes and undercliffs developed in the 
Sandrock formation were mantled in the generally rather dry 
debris derived from the main landslide. Movements were of a 
slope failure type and, as may be seen in figure
7- 24 (a & b), were multiple rotational in character. Because 
of the narrow Undercliff here only two main rotational
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components have been recognized. No fresh slice of the Upper 
Greensand reax scaxp was involved and no associated rockfalls 
occurred. At the head of the slide the talus against Gore 
Cliff was drawn down by an average of about 15 m (c. 50 feet, 
but claimed by Anon (I978h) to be 70 feet), to expose in situ 
the Passage Beds and the uppermost Gault. Comparing the pre- 
and post-slide outlines in figures 7-24, the development of 
an intensely fissured graben structure is discernible, due to 
considerable non-circularity of the sole of the slide. More 
seaward parts of the slope subsided and were thrust forward 
in a progressive manner, so that the lowest part of the main 
Undercliff, on which the road and houses were situated, 
effectively moved horizontally and the outer edge spilled 
over the cliff. Comparison of the positions of several small 
buildings and portions of the road on the 1977 and 1978 
large-scale plans suggests that average seaward displacement 
near the centre of the slide was between 9.5 and 10.5 m to 
the SSW or SW, the direction becoming more oblique (i.e 
spreading outwards) towards the sides.

Both Sandrock Spring and Cliff Cottage (and Mr Watson's 
caravan) were left perched at the edge of the cliff and the 
buildings lost their seaward outer walls. It is surprising 
that damage otherwise, to Sandrock Spring at least, was 
confined to severe cracking in the 0.6 m thick stone walls, 
thus permitting the eventual removal of almost all the 
Young's furnishings. The house itself and the adjoining 
Sandrock Spring Cottage, which was completely destroyed, were 
not insured and Mr Young estimated his loss at around 
£50,000. At the South View Naturist Holiday Camp 
considerable damage was suffered, including the loss of 13 
chalets, sauna baths, tennis courts, caravans and a washroom 
block (Noyes 1978). The proprietor, Mr A Wrate, had built up 
the holiday complex during the previous ten years despite 
early advice that "there was a possibility that Southview 
would be affected by any future slips, although they might 
occur on either side" of his property (Anon 1978h). He 
estimated his uninsured personal and business losses at
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£100,000. South View House itself was relatively undamaged, 
being situated SE and downs lope of the main slide. 
Out-buildings and a glasshouse were crushed by a lobe of 
slipped debris which approached the house, leaving a tree 
leaning against it. At the time Mr Wrate expected his home 
to "go over the cliff in the next 24 hours" (Noyes 1978). It 
was, however, completely destroyed by fire during the week 
ending 28th April (Anon 1978i), 8 weeks after the slide took 
place. The ruin of Sandrock Spring was demolished for safety 
reasons after a new rough access track had been constructed 
over the debris during late March or early April.

Over a period of some months following the slide a large 
area of lawn formerly adjacent to Sandrock Spring was 
observed by Mr Young to be breaking up and subsiding gently 
down the cliff. He attributed this to the steady removal 
downs lope of slipped debris which had built up as a large 
talus below the cliff. By August 1978 the lower undercliffs 
were still considerably mantled, with the loose talus 
obscuring the lowest coastal cliff (figure 5-6). Virtually 
all the debris had been eroded when the area was resurveyed 
in 1980.

7.4.3 Geomechanics of the failure

Form and prof tie of tTie landslide

The outline in plan of the landslide is well revealed in 
vertical air photographs (figures 7-22), on the 1:1250 scale 
topographic map (prepared photograiranetrically from air 
photographs taken in April 1978), and on the 1:2500 scale 
topographic map (March 1980 photography). Now, over five 
years since the slide took place, its configuration is still 
clearly recognisable on the ground, particularly the small 
side scarps. The ground profile in cross section is readily 
determined from the topographic maps, except where tree cover 
obscures the ground. The difference between the 1977 and 
1978 profiles is significant (figure 7-24). Reliance on the
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surveyed plan rather than on levelled cross sections is 
unlikely to introduce errors of more than 1-2 m in level, 
which shows as scarcely more than the thickness of the drawn 
line. This uncertainty is insignificant in comparison to 
that of locating the position of the base of the slide and 
hence the thickness and weight of the materials involved.

Nature of the slip surface

Because of the extremely disturbed character of the 
terrain in the slipped area (figure 7-23) site investigations 
have been limited only to the vicinity of the new access 
track road and seaward cliff edge. The upper ground, just 
below Gore Cliff, is inaccessible to vehicles: the scope of 
the investigation did not permit the building of a road or 
the use of a helicopter. It is therefore difficult to 
substantiate the sub-surface outline of the landslide.

The first indication that the sole of the landslide 
probably did not penetrate to the base of the Gault, as might 
have been expected from Toms' (1955) interpretations, was the 
observation in the field of a line of springs in each of the 
embayments that are developed on the seaward face of the 
cliff just below the road. The springs lie about 9 m from 
the top of the c. 36° slope, and seem to break out near the 
base of a homogenized Gault/Upper Greensand landslip debris 
unit (i.e. 5.0 - 5.5 m  thick). Although considerably 
obscured, a great thickness of Gault of different apearance, 
and forming in places a slope up to 55°, was noted below the 
line of springs. Examination of this material in freshened 
faces and in the stream beds showed it to be tn situ finely 
fissured Gault. The natural conclusion was that at its 
seaward edge the landslide was quite shallow.

This fact was proven by the discovery of slickensided and 
striated slip surfaces formed in the Gault at the base of the 
landslip deposits (figure 7-25). At least two sets of 
slightly fluted shear surfaces, lying approximately 
horizontally and shown by the striations to have been
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polished by movement towards the sea, were noted. These were 
overlain by a thin (20 - 30 ram) band of softened and very wet 
"gouge” Gault which graded up into the more mixed debris 
which included massive Upper Greeensand boulders. It is 
clear that the springs are cast out at this position because 
of the great difference in permeability of the materials. 
The position of the slip surface and springs is revealed in 
elevation (figure 7-26) as a gently curved line, below which 
an average thickness of 18 m of undisturbed Gault may be 
seen. It is known from the early O.S. maps and from 
photographs that springs, and therefore by inference a 
permeability barrier and possibly a former slip surface, 
existed in the embayments prior to the March 1978 landslide. 
Mr Young knew of an abundant spring passing below the road at 
about SZ 48977627. The Chalybeate Spring is located in this 
vicinity, but comes from an aquifer in the Sandrock strata 
below (figure 7-26 ).

Sub-surface investigations were, as described in 4.2.3 
limited to boreholes sited within and outside the slipped 
area, as shown on figure 6-6. Prom the borehole logs (table 
4-5) it may be seen that a similar stratigraphic arrangement 
to that noted at the cliff face occurs up to 50 m inland, 
although the depth to the slip surface and the thickness of 
the units cannot be determined precisely because of the 
augering technique used to produce the boreholes. Samples 
could not be taken. The similar thickness of landslip or 
colluvial debris overlying hard Gault in the boreholes both 
within and outside the slipped area supports the view that 
the whole area may be underlain by the pre-existing, 
relatively shallow slip surfaces of former landsliding 
episodes. Considerable inflow of water was noted during 
drilling, after a depth of about 5 m had been passed, at 
which point also the material brought to the surface changed 
from soft plastic Gault to firm parings wet only on the 
outside.
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From a comparison of levels for the colluvium/Gault 
boundary it is suggested that approximately the seaward half 
of the slip surface lies horizontally, and then curves 
upwards to meet the exposed rear scarp of the landslide 
(figures 7-24) in a form analogous to that revealed in the 
more fully investigated landslides in the Gault at Folkestone 
Warren (Hutchinson et al. 1980). The reason why the 
Blackgang landslide is confined to a level above the base of 
the Gault is not clear, although because a large part of the 
slip surface conforms with the local dip of the strata here 
it is suggested that the base of sliding is controlled by 
variations in lithology and physical properties with depth 
through the Gault. This suggestion is explored more fully in 
the next chapter (8.1.2).

Just one slip surface profile is considered in the 
analysis. While the slide shows evidence of being multiple 
rotational in character, the progressive manner of its 
failure suggests that separate analysis of the more seaward 
sliding components would be less helpful initially than 
analysing over the whole slip sole.

Soil shear strength

Owing to the rather limited sub-surface investigations it 
has been difficult not only to identify the slip surface but 
also to gather adequate samples of the material involved in 
shearing. It was possible, while examining the slip surface 
at the toe, to collect samples of the remoulded Gault for the 
determination of physical and strength properties in the 
laboratory. The data from three exposures are presented 
below, the shear strengths being expressed in terms of the 
parameters of the least-square linear regression line passing 
through the test data over the whole range of the normal 
effective stress values:

a) below Sandrock Spring (SZ 489677621)
U * 35 c'r = 5.3 kN/m2 <D'r « 8.2°
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b) below Cliff Cottage (SZ 48867641)
LL = 61 PL * 33 PI = 28
CF * 58% C'r = 2.7 JcN/m2 <t>’r = 8.8°

c) below 1928 Gore Cliff fall (SZ 49427593)
LL = 69 PL * 29 PI = 40
CF = 54% C’r =2.6 JCN/m2 $ ’r = 9.0°

It is common for the r vs <*'n relation to be described by a 
slightly curved envelope (figures 8-2 and 8-3). From the 
stress ratio r/cr’n for the expected values of <x'n in the 
slide, more appropriate values for the term <j>'r at least may 
be derived by taking the arctan of the above ratio. This 
naturally assumes that c’r = 0. The following two sets of 
shear strength data have therefore been accepted: 

c ’r = 0 4>’r = 9.0°
and

c'r * 4.0 kN/m2 4>'r * 8.5°
The latter cohesive strength term is retained in order to 
test its effect in the analysis. As a first approximation it 
is assumed that shear strengths of this order represent a 
lower bound value over that part of the slip surface which 
was probably pre-existing and therefore likely to have a 
strength close to residual. For modelling purposes a nominal 
"lower soil" layer, incorporating the horizontal part of the 
slip surface, is used in the analysis.

As it is less certain whether pre-existing shear surfaces 
can be invoked in the rearward portion of the slide, a 
corresponding nominal "upper soil" with somewhat greater 
strength has been assumed. This arises from the likelihood 
that different lithological and shear strength properties may 
occur (the uppermost Gault and the Passage Beds now being 
involved in shearing), the soil may not have been much 
disturbed previously, and considerable internal shearing of 
the sliding mass (evident in the surface fissuring) had taken 
place, resulting in a non-uniform distribution or dispersal 
of stresses and energy lost to friction. To account for
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these possibilities a lower bound shear strength, based on 
remoulded undisturbed samples taken from the exposed Gault in 
the rear scarp (SZ 48967643), is taken to apply to the "upper 
soil" layer. The residual strength parameters, averaged from 
two samples, are:

c'r = 4.5 kN/m2 <t>’r * 12.0°.
Street (1981) reports "peak remoulded" and residual strengths 
obtained from ring shear tests of disturbed Gault (PI = 27, 
CP * 53%) sampled from the slip surface of the small Dunnose 
landslide (DL sector). A "peak" value of c' * 0, 4>* ■ 24° 
may be contrasted with a residual value of c'r * 0,
<t>’r = 14.5° (for <r’n = 50 - 250 kN/m2 ). The agreement
between the soil properties and the residual values at 
Dunnose and Blackgang is close enough to suggest that the use 
of street's "peak remoulded" value is appropriate in 
considering initial shearing taking place at the rear of the 
Blackgang landslide. Various combinations of the shear 
strengths cited above have been used in the analyses (table 
7-5). In both assumed layers a nominal unit weight of the 
soil is taken as y = 20.0 kN/m3, which accords with the 
determinations of Street (1981) on the Gault at Dunnose.

Grounduater

As noted in 4.2.2, one of the most important and 
sensitive parameters in the analysis of sliding is the level 
of the phreatic surface in relation to that of the slip 
surface. This permits the pore water pressures to be 
calculated and the resultant analysis to be made in terms of 
effective steresses. This is important in the present case 
as the slow rate of failure and the probable "medium" 
permeability (c. 10~3 m/sec, see 4.2.4) of the sliding masses 
suggest that failure took place under drained conditions. It 
has not been possible to determine the coefficient of 
consolidation for the samples to verify this, however.

Knowledge of the groundwater conditions in the slide area 
is limited to records from two piezometers (P3 and P6, 
figures 4-7 and 4-8) installed in the landslipped materials.
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The location and range of water levels is shown for the 
cross-section BR3A which passes through both sites (figure 
7—24c). It may be seen that this section is not necessarily 
the most advantageous for analytical purposes, being toward 
the SE edge of the slide; all alternative sites were 
inaccessible for instrumentation, as explained above. It is 
assumed that a similar pattern of groundwater flow occurs in 
other parts of the landslide, and the piezometric lines shown 
in adjacent sections BR2 and BR3 (figures 7-24a & b) are 
drawn by projection with appropriate adjustments for 
differences in elevation.

In order to test whether the levels obtained from the 
piezometers that lie within the slipped area after its 
failure differ significantly from the levels that might have 
existed in the ground prior to failure, comparison is made 
with two piezometers installed outside the boundary of the 
slide to the SE. Located in the vicinity of South View 
House, and situated in places on the slope and at depths 
equivalent to those at the Sandrock Spring site, the two 
piezometers P13 and P15 (figures 4-9 and 4-10) have shown 
consistently high water levels. The one lying further inland 
(P13) had registered a range of water levels between 1.84 and
2.00 m below ground level, whereas the other, more seaward 
piezometer (P15) had a recorded range between 2.62 and 3.28 m 
below ground level. The equivalent ranges at Sandrock Spring 
are 3.23 - 3.72 m for P3 and 2.80 - 3.29 m for P6 
respectively. It is likely that the change in both the soil 
conditions and in slope morphology during and after failure 
of the latter sites have resulted in a slightly different 
pattern of groundwater flow. However, owing to the rather 
small difference exhibited by P6 and P15, the advisability of 
taking data obtained from outside and down-dip of the slipped 
area is questionable, and the maximum and minimum levels in 
P3 and P6 during the recording period January 1982 - April 
1983 are used in the analysis.
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It is regrettable that inadequate information is 
available for determining the groundwater levels near the 
head of the slide. The aquifer band in the Passage Beds is 
therefore taken as an upper bound linking the perched water 
table in the slip masses with that in the undisturbed rocks 
of the outlier behind. One or two small ponds were noted 
during field mapping of the landslide, suggesting that the 
water table is near the ground surface in certain low-lying 
areas. By connecting the rather scanty available 
information, it is possible to suggest a likely outline for 
the piezometric surface. Because of the generally low slopes 
in the Undercliff, the error introduced by equating the 
piezometric surface with the phreatic surface is negligible. 
This line, approaching closely the ground surface, is 
regarded as a probable upper bound. Expressed by the pore 
pressure ratio ru = y^h/yz, where h and z are respectively 
the piezometric height and the depth and yu and y are 
respectively the unit weight of water and soil, a theoretical 
maximum value of ru - 0.49 represents a water table 
coincident with the ground surface. Prom table 7-5 it may be 
seen that the assumed maximum level corresponds with a 
maximum value of ru = 0.37. A more conservative, 
intermediate water table level has been considered, by taking 
the upper level to be coincident with the Gault/Passsage Beds 
boundary rather than 9 m above it, as in the previous case. 
This results in values of ru of the order of 0.25. An 
unlikely lower bound water level case, with water table at or 
below the slip surface (ru = 0) is also considered.

Analyses and results

Analyses of the landslide have been made, taking the two 
cross-sections BR2 and BR3 as being representative of the 
average range of geomorphological and stress conditions. 
Section BR3A is useful for providing an example of the 
comparatively different stresses resulting from a 
non-characteristic slip cross-section, but it will be 
disregarded in considerations of "average" conditions. The 
conventional two-dimensional assumption is made: the arcuate
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form of the slide in plan and the generally seaward direction 
of displacement vectors near the sides and toe suggest that 
there is unlikely to be a significant component of lateral 
thrusting, and little loss in accuracy will result from 
ignoring the three-dimensional effects. The analyses have 
been carried out using the Morgenstern and Price (1965) 
method which is available at Imperial College in a version 
programmed for computer solution by Dr E N Bromhead.

The primary purpose of the analyses is to determine an 
average value of mobilized shear strength at failure. By 
setting F = 1.0 for the limiting case, it is possible to 
derive values of <j>'m from the ratio of average shear to 
normal effective stresses, assuming again that c* = 0. These 
values are closely dependant on the pore water pressure 
assumptions made, for higher water levels produce lower 
average normal stresses but do not affect shear stresses 
significantly. The second objective of the analysis, then, 
is the optimization of mobilized shear strengths under 
realistic groundwater conditions. The effect on apparent 
stability of taking different initial soil strengths can also 
be examined.

The different values of pore pressure ratio resulting 
from the three piezometric line cases are given in table 7-5. 
As the failure in March 1978 was apparently precipitated by 
the melting snow and heavy rainfall of the preceding 
fortnight, it is reasonable to assume that the soil must have 
been close to the fully saturated state with a water table 
close to the ground surface. Discounting the data from 
section BR3A, it is suggested that values of ru 0.35 (GWL 
case 1) were probable at the time of failure. In contrast 
the lower values of ru - 0.25 (GWL case 2) are regarded as 
being reasonable values for non-critical groundwater 
conditions, falling approximately in between the extremes of 
ru = 0 and 0.49. The perennial flow noted in the springs 
suggests that the ru * 0 case is not a viable alternative 
under any circumstances, but it produces interesting results
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in terms of <t>*m (table 7-6).

The results of the back analyses may be compared with the 
residual strengths determined on the few samples of Gault 
recovered from the slip surfaces (figure 7-27). This shows 
clearly that the mobilized strength in all cases, except 
where ru « 0, is considerably greater than that measured on 
the samples. Three conclusions are possible: (i) that the
landslide occurred as a result of failure of the Gault at its 
probable average residual strength (4>'r = 12.5 - 14.5°) with 
a water table below the level of sliding; (ii) that there was 
a component of first-time sliding and/or sliding took place 
on pre-existing slip surfaces in the Gault which had not 
attained residual strength; or (iii) that materials other 
than the Gault were involved in sliding and incorporated into 
the materials of the slip surface. The first option is 
rejected as untenable, as discussed above. The second is 
possible but unlikely owing to the fact that after more than 
10 m displacement, after which it is to be expected that 
minimum residual strength (4>*r = 9.0°) would be attained, the 
slope configuration for all water levels is patently 
unstable. It must be accepted therefore that the third 
option is the best. This is not unreasonable, for the slide 
is described as taking place in previously slipped and fallen 
debris below Gore Cliff, in which the arenaceous components 
of the Upper Greensand strata must be assumed to combine with 
the remoulded Gault. Reliance alone on the strengths
obtained from samples of remoulded Gault overlying polished 
slip surfaces exposed at the toe of the slide will therefore 
tend to seriously underestimate the available strength over 
the whole of the slip surface. It is thus proposed to assume 
the following optimum shear strength parameters under 
"average” groundwater conditions of ru o.3:

c ’ — 0 = 20.0°.

The effect of assuming different strength values in the 
analysis is presented in table 7-7. By referring to the 
values of factor of safety F as indices of relative
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instability, it may be recognized that the influence of 
groundwater is fax greater than that of available shear 
strength. In particular, the effect of taking a c' > 0 term 
(case I) produces relatively little difference from assuming 
c* — 0 (case IV). The use in general of the latter term is 
therefore justified. The effect of modelling by means of two 
artificial soil layers may be seen, in comparison to case 
III, to have effected a slight improvement in apparent 
stability (case II), provided that appropriate values are 
used initially. The choice of a minimum value for <f>*r in the 
"lower soil" (cases I, IV, V) demonstrates again the limited 
likelihood that measured residual strengths are mobilized in 
the field, even after large displacement of the slide. It is 
interesting to note that the relative stability on section 
BR3A is considerably greater under all assumptions. This is 
consistent with the observed smaller displacements near the 
sides of the slide, where it might be expected that driving 
forces are smaller and side friction greater.

A second series of analyses has been made, taking the 
post-slip ground surface configurations. For the same 
assumed slip surface and groundwater levels, and for shear 
strength parameters of c* = 0 ,  <t>' = 20.0°, the results in 
terms of F and ru are given in table 7-8. The effect of the 
change in surface profile is to increase the values of ru for 
the GWL cases 1 and 2. It is assumed that present average 
groundwater conditions, as indicated by the measured 
piezometric levels, are approximated by a value of ru = 0.3. 
The results of GWL case 2 are close to this. The landslide 
is evidently stable for the assumed geological and 
geotechnical conditions. Taking the first GWL case for 
section 8K2 as a possible extreme water level condition, it 
may be surmised that a marginal state of stability could 
arise for average pore water pressures greater than 
ru = 0.4.
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7.4.4 Monitoring for continuing movements

Owing to the uncertainties in the above analyses, there 
is no assurance that the landslide itself and, indeed, all of 
the adjacent slopes are not close to failing yet again. 
Several methods exist which can be used to test for the 
possibility of continuing small movements and to monitor the 
progress of any which are taking place. These methods 
include (Franklin and Denton 1973, Hutchinson 1981) direct 
movement monitoring by conventional survey, electro-optic 
distance measurement, ground and air phot©grammetry, surface 
extensometers and crack gauges, settlement instrumentation, 
borehole extensometers, and inclinometers; indirect methods 
include water pressure monitoring (piezometers) and acoustic 
emission monitoring. In the present case the limited time 
and resources available have ruled out the use of virtually 
all the sub-surface techniques, with the exception of 
checking for shearing, closing or bending in the existing 
piezometers with a rod probe or mandrel. The response of the 
standpipe piezometer is probably too slow for the effects of 
movement or stress changes to be registered as significant 
water level variations. Surface monitoring (photogrammetry 
or extensometer) was considered impractical in relation to 
the scale of the slide, therefore it was decided that 
surveying using EDM equipment would best satisfy the 
requirements of the investigation.

A network of reference studs was established over the 
surface of the landslide in April 1982. It was not 
convenient, for reasons of security against vandalism, to 
mount permanent reflectors, although this would have been 
desirable to minimize errors. The studs were made from 0.5 m 
lengths of thin steel rod, sharpened at one end and hammered 
into the ground until they could not be removed. They were 
sawn off about 50 mm above ground level and scribed with a 
cross on the top end. The studs can be found without much 
difficulty, despite having become overgrown and slightly 
rusted, which is likely to diminish their attractiveness to



317

vandals. Two datum reference studs were established on the 
top of Gore Cliff overlooking the landslide, a place that is 
considered stable relative to the Undercliff below, although 
not necessarily secure against potential destruction in a 
rockfall. The locations of six reference studs on the 
landslide, 3 on the lower area adjacent to the track and 3 on 
the upper, intensively disturbed area, together with the pair 
of datum studs, are shown in figure 7-28. It may be seen 
that the reference marks on the landslide can be located 
three- dimensionally relative to the base line between the 
upper pair. Periodic re-surveying is therefore likely to 
prove whether movement is taking place and, if so, in what 
manner it is proceeding.

The surveying here, as at Ventnor (7.2.2), was carried 
out using the Kern El electronic theodolite fitted with the 
DM501 EDM device. The procedure adopted in taking the 
measurements was to set up tripod legs centred exactly over 
each of the Gore Cliff datum studs (designated I and II), 
allowing for either the instrument or a target reflector to 
be fixed in place. The position of studs I and II was 
determined by resection from prominent local landmarks such 
as St Catherine's Oratory. The levels were fixed in relation 
to the O.S. benchmark (+170.58 m O.D.) sited 217.3 m east of 
stud I at SZ 49207644. The exact horizontal base length 
between studs I and II is 82.70 m and I is higher by 2.808 m 
than II. On reversing the position of the instrument and 
target between I and II agreement in levels of better than 
2 mm is achieved. The error in distance introduced in 
setting up over the studs on subsequent visits is not greater 
than 8 mm. An instrumental threshold of accuracy of 0.01 m 
is therefore assumed. The positions and levels of the six 
studs (designated SI - S6) on the landslide are all referred 
to the base line connecting I and II. For convenience of 
vector arithmetic the polar co-ordinates of readings taken 
from I and II to SI - S6 are referred to a system of 
rectangular co-ordinates whose origin is defined to lie
100.00 m from I, in line with II (see figure 7-28), thereby
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ensuring that the sign convention of roost derived 
co-ordinates is positive.

Readings to each reference stud Si, S2 etc. in turn, cure 
made with the instrument set up over stud I, then repeated 
from stud II. Owing to the difficult terrain in the upper 
part of the landslide, it was found convenient to use a 
hand-held target reflector set on a special pole. This 
introduces a greater source of error into the surveying of 
position than is desirable, as it is generally impossible for 
the surveyor's assistant to hold the target immobile. Levels 
are not significantly affected by this. Successive sight 
distance readings varied by up to 15 ran, an average value of 
several readings being taken as the final result. However, 
the difference between the level and position data as 
recorded separately from studs I and II cannot be reduced and 
constitutes the limiting error in the determination of 
significant movement of the landslide.

The network was first surveyed on 20/04/82, and 
subsequent re-surveys have been made on 30/10/82 and 
15/04/83. The results are presented in tables 7-9 to 7-li. 
In deriving the differences between the first, second and 
third sets of position data, a mean position is estimated 
from the two co-ordinate pairs (as determined from I and II), 
and the difference is expressed as a vector, the significance 
of which is defined according to table 7-9b. By these 
criteria no significant movement is recorded having taken 
place during the year from April 1982 - April 1983.

7.4.5 Causes and significance of the landslide

There can be little doubt that the March 1978 landslide 
at Blackgang was precipitated by the unusually wet weather of 
the two weeks prior to failure. The effects of heavy
snowfall, which was noted also prior to the Gore Cliff 
landslide of February 1799, are not known precisely; however,
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since in the most recent case this took place about two weeks 
before the failure, and was followed by heavy rainfall, it is 
likely that the groundwater level in the old slip masses 
forming the Undercliff was elevated by the meltwaters and 
added to by the rainfall. The date coincides approximately 
with the time of highest seasonal groundwater level in the 
superficial colluvium deposits, as recorded subsequently in 
piezometers.

The analyses of stability (7.4.3) have shown the 
sensitivity of water level (pore water pressure) as a 
parameter in the analytical model. For an assumed average 
soil strength of c’ = 0, * 20.0° on a pre-existing shear-
surface, an average value of ru - 0.3 is sufficient to 
account for failure. This is equivalent to a water table 
being present in the lower 60% of the average thickness of 
the slide debris; or, if more realistically distributed, 
could represent an elevation of water level in the 
piezometers near the toe to within about 2.0 m of the ground 
level.

Various opinions of the likely cause of failure were 
elicited at the time from local officials. The majority 
claim the effects of the previous fortnight’s precipitation 
contributed to the triggering of the landslide, particularly 
the rapidly melting snow (Noyes 1978, Anon 1978d, 1978g,
1978h). The former technical officer of South Wight Borough 
Council, Mr E J Alderton, is reported (Anon 1978f) as 
claiming: "I don’t believe the thaw from the recent snows had 
anything to do with the slip. I believe it is a continuation 
of land movement that has been going on for many years". 
Others, including Mr R P Young and local geologist Dr A N 
Insole, relate the events to the great drought of 1976, 
suggesting some form of interference to normal drainage. The 
latter regarded desiccation fissures in the soil aided the 
rapid infiltratin and percolation of precipitation (Anon 
1978e). Conversely, Mr Young thought that drainage paths had 
become obstructed and the water backed up to a greater extent
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than normal. He further speculated that the south-eastern 
boundary of the landslide was prevented from encroaching more 
onto the South view Holiday Camp because of the existence 
there of drainage works for water supply purposes. What 
emerges from the above views is a general recognition of the 
importance of ground water acting on a geologically 
susceptible and demonstrably unstable soil mass.

The geotechnics of the landslide are more closely 
connected with the predisposition of the Gault to fail 
preferentially at a level above the base, and for there to be 
a perched water table developed there than with the 
fluctuations of climatic factors such as rainfall. It is 
likely that the confining of instability to the upper 
two-thirds of the Gault stratum is related to differences in 
the material properties arising from compositional or 
lithological differences throughout the stratum. It is clear 
that the Undercliff below Gore Cliff has been involved in 
both historic and prehistoric landsliding, and it is 
therefore reasonable to assume that the basal slip surfaces 
disclosed by the most recent failure were pre-existing and 
that the shear strength of the soil here is approaching a 
residual value. This has, however, been determined by back 
analysis to have a fairly high mobilized value in contrast to 
the minimum values determined on ring shear test samples. 
The difference probably arises largely from the shearing of 
more arenaceous material with the Gault in the slip surfaces. 
The virtual impossibility of obtaining adequate sub-surface 
information limits the certainty of the above assumptions 
Which are necessary if the effect of ground water is to be 
properly examined.

Considerable significance is attached to both the 
occurrence and the limited geotechnical investigation of the 
March 1978 landslide at Blackgang. It is regarded as being 
representative of the mode of failure in much of the 
Undercliff; i.e. the re-activation of old slide masses below 
the rear scarp, involving Gault and fallen Upper Greensand
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and Lower Chalk debris sliding on shear surfaces developed in 
the Gault. The back-analysed geotechnical findings, while 
preliminary and provisional, may be applied to the 
examination of relative stability in the whole Undercliff, 
and this is taken up in 8.4.



Table 7-1 Reconstruction of events surrounding the 
failure of Gore Cliff in 1928.

Chronology Event

Pirst months of 1927 Cracks and fissures at the top of the 
cliff noticed to be getting wider, 
especially the long ones running 
approximately parallel to the cliff 
edge ( a ).

Early 1928 Warning notices, to users of the 
coast road, issued by the isle of 
Wight County Council (a).

20th July 1928 About 20 tonnes of rock from stratum 
5b (Malm Rock) fell from the cliff 
and obstructed the road which was 
closed by the County Council (a ,  b). 
The weight was elsewhere reported at 
several hundred tonnes (d ).

23rd July A more extensive fall of about 200 
tonnes, again from the lower part of 
the cliff, which completely blocked 
the road (a ,  c). This was followed 
by a great and continued outflow of 
water, and by the cracking and 
crumbling of the road ( a ). Cracks in 
the top of Gore Cliff begem opening 
rapidly, average daily widening being 
about 0.1 m ( d ).

24th July A further fall, similar to that of 
23rd July ( d ).

25th July, morning Many fresh cracks showing and the 
cliff top began sinking to form 
irregular depressions (d ).

25th July, evening Sliding movements in the undercliff 
observed to have "entirely uprooted" 
a small bush in the course of an hour 
or so (a).

26th July
9.00 a.m. - 2.30 p.m. Rear-most tension crack opened 0.3 m, 

and the land could be seen to be 
moving and heard cracking. Sinking 
at cliff top much more noticeable, 
outer edge of cliff had subsided in 
all about 1.8 m (d).

1.45 p.m. Holiday visitors at Knowles Farm, 
700 m SSE of the site of the eventual 
fall, felt a pronounced tremor

2.30 p.m. - 2.45 p.m. 

2.45 p.m. - 3.00 p.m.

c. 3.05 p.ra.

C. 3.15 p.m.

c. 3.20 p.m.

26th July, evening 

First week of August

19th September

20th September, 
afternoon

20th September, 
night

lasting 3-4 seconds, heard a rumbling 
noise, and noticed furniture shaking 
(»).

Visitors arrive at safe vantage point 
below cliff, discovering cliff had 
not fallen (a).

An almost continuous fall of 
fragments from cliff face observed, 
along with perceptible widening of 
the larger cracks (a).

Photograph taken of the face, showing 
slightly forward-tilted block, 
bounding vertical cracks and much 
fresh debris below (a).

Main crack gradually widened and the 
whole cliff face toppled forwards. A 
second photograph taken. As it fell 
the rock mass disintegrated rapidly 
in clouds of dust and produced a roar 
that could be heard 5 or 6 km away 
(a, d, a).

The debris continued down a valley 
towards Rocken End for about 270 m, 
and came to rest in a matter of 
minutes. The road was buried to a 
depth of 3 to 6 m over a length of |
about 140 m. A shallow indented scaur 
about 45 m across was left in the 
cliff (d).

A few minor rockfalls (d).

A few minor rockfalls. It seemed 
likely from the cracks in the 
remaining rock face that a further 
considerable fall would eventually 
take place (f).

Another great rockfad. 1 took place, 
close to where the fall of 26th July 
took place (t).

Unconfirmed reports of a shock 
similar to that which preceded the 
July fall (t). Yet another major 
rockfall (h).

Initiation of a major slide in the 
Gault, including fallen debris below 
cliff face (g).

Notes: a Colenutt (1928) b Anon (1928a) c Anon (1928b) d Anon (1928c) e Watson (1929) 
f Anon (1928d) g Anon (I928e) h Anon (1928f) i Colenutt & Mew (1929)
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Table 7-2 iievels of o.s . Benchmarks (BM) :in Ventnor (see also figure 7-9)

BN Ref. No. Grid Ref. (SZ) Site 1982 1960 1939 1907 1896 1864

1 55297739 Gill's Cliff Road 97.05 97.65 97.89 - - -

2 55317713 Steephill Road - 28.04 28.00 28.00 28.03 -
3 55387748 Gill's Cliff Road 107.68 107.89 107.94 - - -
4 55477761 Steephill Down Rd 133.75 134.38 - - - -
5 55627767 Newport Road 125.30 125.92 - - - -
6 55667764 Ooean View Road X X 120.84 121.05 121.11 -
7 55677733 Park Avenue 39.40 39.43 39.37 39.37 39.37 -
8 55677775 Newport Road X 132.78 132.73 132.73 - -
9 55687751 Gill's Cliff Road 74.02 74.26 74.33 - - -

10 55687782 Down Lame X 137.50 136.44 - - -
11 55787763 Zig Zag Road X X 103.67 103.92 - -
12 55797792 Down Lane (154.55) 154.55 154.48 - - -
13 55837767 Ocean View Road 107.94 108.31 108.47 - - -
14 55847743 Zig Zag Road 47.03 47.04 - - - -
IS 55847750 Zig Zag Road X X 51.80 51.80 - -
16 55857758 Zig Zag Road X X 72.69 72.77 - -
17 55907763 Zig Zag Road 84.26 84.49 84.57 84.72 - -
18 55917760 Zig Zag Road 75.76 75.90 75.92 - - -
19 55947743 Belgrave Road 39.50 39.53 39.50 39.49 39.52 -
20 55947753 Zig Zag Road 58.35 58.40 58.38 - - -
21 55947770 Ocean view Road X X X 104.26 104.32 -
22 55967737 Bath Road 28.59 28.96 29.00 29.40 - -
23 55997770 Ocean View Road 95.77 96.00 96.07 - - -
24 56047764 Bellevue Road 70.81 70.89 - - - -
25 56087736 Esplanade X X 5.00 4.89 - -
26 56087746 Belgrave Road X 36.26 36.24 - - -
27 56107754 Alpine Road 46.21 46.23 46.19 - - -
28 56107777 Grove Road 80.17 80.21 80.17 - - -
29 56107780 Ocean View Road (87.47) 87.47 87.40 87.40 87.40 -
30 56177782 Mitchell Avenue - 88.12 88.06 - - -
31 56187778 Southgrove Road - 79.90 79.84 - - -
32 56217767 Grove Road 58.10 58.12 58.10 - - -
33 56227746 ChurCh street 39.33 39.42 - - - -
34 56287767 drove Road - 52.22 52.17 - - -
35 56307756 Pier Street - 32.52 32.46 - - -
36 56347773 Southgrove Road - 65.50 65.46 - - -
37 56367738 Shore Hill X X 11.56 11.54 - -
38 56377766 Grove Road - 41.69 41.64 - - -
39 56397743 Shore Hill X X 26.00 25.98 - -

X m Removed or destroyed
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Table 7-3 Benchmark level differences (see also figure 7-9)

BN No. 1960-82 1939-60 1907-39 1896-1907

Significant Movement

4 -0.63
S -0.62
1 -0.60 -0.30

13 -0.37 -0.22
22 -0.37 -0.10 -0.40
11 X X -0.25
6 X X -0.21 -0.06

21 X X X -0.06
25 X X +0.11
16 X X -0.08
17 -0.23 -0.14 -0.15
9 -0.24 -0.13

23 -0.23 -0.13
3 -0.21 -0.11

IB -0.14 -0.08
33 -0.09
24 -0.08
20 -0.05 -0.04

Relatively Insignificant Movement

28 -0.04 -0.02
26 X -0.04
19 -0.03 -0.03 +0.01 -0.03
7 -0.03 0 0 0
32 -0.02 -0.04
27 -0.02 -0.02
37 X X +0.02
39 X X +0.02

Probably Stable

12 0 +0.01*
29 0 +0.01* 0 0
8 X -0.01* 0
10 X 0 *

Also 2, 14, 15, 30, 31, 34, 35, 36, 38

* These BMs situated outside Undercliff; average level difference 1939-60 +0.06 m due to modification to 
regional geodetic datum.



Table 7-4 Extensometer sites

No. Grid Ref. 
(SZ)

Location Initial horizontal.
distance between 

studs (x) mm
Initial level 

difference between 
studs (u) mm

A 55677771 Newport Road, landward edge of graben 744.7 73.1
B 55657770 Newport Road, landward edge of graben 872.9 130.1
C 55637766 Newport Road, seaward edge of graben 812.9 100.2
D 55747771 Havensbush playground, seaward edge

of graben
1089.8 355.0

E 55717770 Havensbush playground, seaward edge
of graben

1344.7 476.1

P 56047777 Ocean View Road, possible eastward 
extension of graben

1815.5* 110.6

G 55267741 Gill's Cliff Road, fissure near rear scarp 918.1 209.5
H 55297740 Gill's Cliff Road, fissure near rear scarp 931.7 178.7
J 55947738 Bath Road, fissured site of most rapid

subsidence
1888.7* 256.5

* Three reference studs set in line needed to span broad crack zone. Results in figure 7-14 are differences 
between end studs.
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Table 7-5 Values of pore pressure ratio ru for groundwater level cases considered in analysis of 1978
Blackgang landslide

Section GWL case 1 GWL case 2 GWL case 3

BR2 0.34 0.23 0.0
BR3 0.37 0.29 0.0
BR3A 0.21 0.15 0.0

i

i
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Table 7-6 Average back-analysed stresses and strengths mobilized at failure in 1978 Blackgang landslide.

Section GWL
case

a ’n (kN/m2) t  (kN/m2 ) * 'm

1 132.9 61.0 24.6®
BR2 2 162.1 60.4 20.4°

3 235.5 60.6 14.4°

1 144.2 56.7 21.5®
BR3 2 162.9 55.9 0 <r>COH

3 251.3 56.0 12.6®

1 90.6 17.2 10.8®
BR3A 2 98.8 17.2 9.9®

3 119.7 17.3 8.2®
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Table 7-7 Effect of assumed soil strength on apparent stability

(a) c', <t>* values (kN/m2)
case I case II case III case IV case V

"Upper soil" 4.5, 12.0° 0, 24.0° 0, 14.5° 0, 14.5° 0, 24.0®
"Lower soil" 4.0, 8.5° 0, 14.5° 0, 14.5° 0, 9.00 0, 9.0°

(b ) Results
Section GWL case Factor of safety F

1 0.41 0.60 0.57 0.37 0.39
BR2 2 0.49 0.76 0.70 0.46 0.52

3 0.68 OHH 1.01 0.67 0.75

1 0.46 0.69 0.66 0.42 0.44
BR3 2 0.53 0.81 0.76 0.49 0.54

3 0.77 1.25 1.16 0.76 0.83

1 1.04 1.42 1.36 0.86 0.91
BR3A 2 1.11 1.54 1.48 0.94 0.99

3 1.29 1.85 1.79 1.13 1.19
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Table 7-8 Post-slip stability on 1978 profiles

Section GWL case 1 
F

GWL case 2
F ru

GWL case 3
F  r u

BR2 0.98 0.42 1.12 0.32 1.76 0
BR3 1.25 0.36 1.27 0.33 1.98 0
BR3A 1.87 0.22 2.04 0.16 2.48 0

I

l
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Table 7-9 First network survey of Blackqanq landslide (20/04/82)

(a ) Results
From Datum I From Datum II

Stud
Level (m O.D. ) Position (x, y) (m) Level (m .O.D) Position (x, y) (m)

SI 104.79 112.31 , 116.82 104.78 112.31 , 116.88
S2 102.10 34.64 , 101.91 102.09 34.65 , 101.93
S3 99.08 -75.59 , 118.57 99.09 -75.61 , 118.59
S4 119.37 59.16 , 58.43 119.37 59.12 , 58.46
S5 118.79 - 8.18 , 36.40 - - -
S6 118.71 97.44 , 56.41 118.71 97.47 , 56.35

(b) Determination of significant error threshold, by comparison of results fram Datum I and Datum II l
Stud .Level Difference (m) Position Difference

____________________________ __________ (Polar Vector Magnitude} (m} _ _ __ ____

SI 0.01 0.06
S2 0.01 0.02
S3 0.01 0.03
S4 0 0.05
S5 - -
S6 0 0.07

0.02 0.08*

* in directions between +30.0° and +150.0°
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Table 7—10 Second network survey of Blackgang landslide (30/10/82)
(a ) Results

From Datum I From Datum II
Stud

Level (m. O.D. ) Position (x, y) (m) Level (m. O.D. ) Position (x, y) (m)

SI 104.79 112.28 / 116.86 104.78 112.27 , 116.80
S2 102.09 34.58 9 101.95 102.09 34.62 , 101.93
S3 99.08 -75.65 9 118.59 - - -
S4 119.36 59.13 9 58.50 119.36 59.14 , 58.46
S5 118.79 - 8.20 9 36.42 - - -
S6 — — — 118.72 97.42 , 56.43

(b) Difference between first and second survey
Stud Level Difference (m) Positon Difference 

(Polar Vector) (m, 0)
Significant Movement

SI 0 oo -150.3° No
S2 0 0.05 , 156.0° No
S3 0 0.05 , 168.7° No
S4 -0.01 oo 0H00<T> No
S5 0 0.03 , 135.0° No
S6 -0.01 0.06 , 125.0° No
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Table 7-11 Third network survey of Blackgang landslide (15/04/83)

(a ) Results
Prom Datum I From Datum II

Stud
Level (m. O.D.) Position (x, y) (m) Level (m. O.D.) Position (x# y) (m)

SI 104.80 112.28 9 116.86 104.79 112.30 9 116.85
S2 102.10 34.63 9 101.90 102.10 34.61 9 101.95
S3 99.09 -75.59 9 118.59 99.09 -75.61 9 118.60
S4 119.37 59.16 9 58.43 119.37 59.16 9 58.42
S5 118.79 - 8.18 9 36.41 - - -
S6 118.72 97.42 9 56.41 118.72 97.42 9 56.41

(b) Difference beteween second and third survey
Stud Level Difference (m) Positon Difference 

(Polar Vector) (m, ©)
Significant Movement

SI +0.01 0.03 , 49.6° No
S2 +0.01 0.03 , -34.3° No
S3 +0.01 0.05 , 0O No
S4 +0.01 0.06 , -65.0° No
S5 0 0.02 , 1 H 01 O No
S6 0 0.02 , -63.4° No
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Figure 7-1. Map of the Blackgang/Rocken End area, showing known major landslides, roads and 
buildings destroyed by landsliding or coast erosion, and coastal cliff recession.
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Figure 7-2. Famous sequence of photographs, taken on 26th 
July 1928, of great rockfall from Gore Cliff (BR sector). 
Prints courtesy Dr A N Insole, Sandown Museum.
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Figure 7-3. Talus resulting from 1928 rockfall at Gore 
Cliff. Coast road was destroyed. Print courtesy 
Dr A N Insole, Sandown Museum.

Figure 7-4. Accumulated debris began to slide on 20th 
September 1928, exposing clearly slickensided slip surfaces 
in underlying Gault. Debris carried towards Rocken End. 
Print courtesy Dr A N insole, Sandown Museum.





<§> M ajor rockfall from  re a r 
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O  Sm all, d itto

c=i Slight, d itto

▼ M ajor shallow tra n s la tio n a l 
movement (or mudslide)

a  Slig h t, d itto  

•  Small local slide 

o Slight local movement

Figure 7-5. Distribution, types and dates of known landslides in the Undercliff 
(after Hutchinson 1965b).
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Figure 7-6. Rainfall recorded in Ventnor during 1959-61.
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■^Uure 7-7. Schematic cross section of the Undercliff at Ventnor, showing the probable multiple rotational character of the landslides (after Toms 1955).
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Figure 7-10. View of seaward fissure of Lowther graben, 
looking east, in Havensbush playground, Upper ventnor. Land 
on left is subsiding, and bounded by second, parallel fissure 
20 in away. House appears to have been damaged by movements 
in the past. Photo taken September 1981; continuing 
movements have resulted in more prominent scarplet being 
developed. Extensometer gauging sites D and E installed 
here.

Figure 7-12. Extensometer gauging site F, on Ocean View 
Road, Upper Ventnor. Distortion (arrowed) has damaged wall 
and produced a hollow in road. Slight vertical subsidence to 
left, towards the sea, has been measured. Photo taken 
September 1981.
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Figure 7-11. Newport Road in Upper Ventnor, view looking 
west, showing landward fissure of Lowther graben passing 
obliquely through road. Upper photograph taken by Mr A H 
Toms in late 1960, and lower one in early 1961. Considerable 
movement of graben during that period evident from increased 
offset in pavement gutter on left, enlargement of cracking in 
wall on right, and signs of road surface patching. 
Extensometer gauging sites A and B located on footpaths to 
left and right respectively. Continuing movement recorded as 
both subsidence and spreading to left, towards the sea. 
Seaward fissure of graben passes close by side of shops at 
bottom of Newport Road. Building with glasshouse lean-to is 
Lowther Post Office which subsided, with graben, a total of
0.63 m between 1960 and 1982.





347

Figure 7-13. Extensometer gauge set up. Once levelled, 
adjustable horizontal and vertical sections are measured with 
vernier gauge. This is site H, on Gill's Cliff Road, where 
significant vertical and horizontal displacements have been 
measured.
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Figure 7-l4a. Extensometer gauging records : vertical displacement.
Sites shown in figure 7-8.
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Figure 7-14b. Extensometer gauging records : horizontal displacement.Sites shown in ficrure 7-8.
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Figure 7-16. Opened fissure in Lower Chalk behind Gore 
Cliff, in which automatic recording fissure gauge installed. 
Cliff edge is on right; fissure follows trend of one of the 
major joint sets here, approximately parallel to cliff. At 
top right is part of scarp of 1928 Gore Cliff rockfall. Thin 
slopewash deposit also visible, capping the Chalk.

Figure 7-18. Recording box of fissure gauge, containing 
timing and control system, batteries and tape recorder. 
Cable connects to displacement gauge in fissure, on left.
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Figure 7-17. Specifications of fissure gauge, shown installed in fissure.
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Figure 7-19 Calibration chart for fissure displacement 
gauge.
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Figure 7-21 Record of movements measured by fissure gauge, correlated with rainfall
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Figure 7-22. Vertical air photograph of 1978 Blackgang 
landslide. Two scarps produced by multiple rotational 
movements are clear, and intermediate, intensely fissured 
area near head of slide is notable. Blackgang village is to 
left, and South View holiday camp to right. Photo taken 7th 
April 1978, courtesy Cambridge University Collection.

Figure 7-23. Oblique air photograph of 1978 Blackgang
landslide. Slip surface marked by line of springs in small 
embayments at about the middle of photo. Debris from slide 
cascaded over seaward Carstone, Sandrock and Ferruginous 
Sands cliffs and built up screes on undercliffs and beach 
(see also figure 5-6). Photo taken 9th Hay 1980, by 
Aerofilms Ltd.
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Figure 7-25. Professor Hutchinson has cleared exposure of 
slip surface of 1978 Blackgang landslide. Underlying 
material is in situ Gault. Debris from former buildings of 
Sandrock Spring seen on left. Photo taken August 1981.







Figure 1-21. Results of back analyses of 1978 Blackgang landslide.
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8. GEOTECHNICAL PROPERTIES AND GEOMECHANICS

8.1 PRELIMINARY COMPARATIVE STUDY OF THE GAULT

The Gault is singled out here for particular discussion 
because it is the formation in which the multiple rotational 
landslides that have formed the main part of the Undercliff 
are seated. The geotechnical properties of the other rocks 
in the stratigraphic sequence are treated below in relation 
to the other processes taking place at the rear scarp and at 
the coastal cliffs. A study of the geomechanics of the main 
landslides then follows.

8.1.1 Outline of sampling and testing procedures

The outcrop of the Gault is considerably obscured by 
landslipped materials almost everywhere in the Undercliff. 
Significant exposures axe present only in the BR and DL 
sectors where greater landsliding activity has left freshened 
faces. In the few places elsewhere, such as in the CP, PM 
and BS sectors, where small Gault outcrops are observed or 
inferred from the geomorphology of the slopes, the amount of 
vegetation cover and weathering or the uncertain 
stratigraphic relationship to the other strata render 
sampling both difficult and of limited value. The 
opportunity to sample from the western and eastern 
extremities of the Underclif was therefore considered 
adequate to reveal significant differences in geotechnical 
properties, from which relevant inferences about the central 
obscured area could be interpolated.

The near coincidence of the proposed sampling sites with 
the sites of sub-surface (borehole) investigations in the BR 
and BC sectors was largely fortuitous. As noted in 4.2.3, 
though, the technique of continuous flight augering which was 
used to sink the boreholes was not appropriate for the 
recovery of undisturbed samples of the Gault. These were
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therefore collected from the adjacent cliff faces. This 
operation was, however, particularly hazardous as the Gault 
outcrops at both Blackgang and Dunnose are situated above 
high, nearly vertical cliffs developed in the Carstone and 
Sandrock formations. Indeed, Dr H G Owen (pers. comm.) 
considered the face at Blackgang one of the most dangerous 
that he had ever encountered in his extensive sampling of the 
Gault. Any deficiencies in the present sampling programme 
Eire due to this problem. The sections selected for sampling 
were chosen primarily with consideration for the best safety 
and access, this being facilitated during a period of fine 
weather in April 1982 when the slipped debris on the cliff 
had dried sufficiently to withstand the weight of two 
persons. The exact locations of the sampling sites are noted 
below under the relevant subheadings.

The sampling procedure involved the laying out of a tape 
measure along the line of section in straight segments up the 
slope. The slope of each segment was measured to the nearest 
1° by sighting with a clinometer. The lines of section ran 
as closely perpendicular as practicable to the coastline,
i.e. with reference to figure 2-7, approximately parallel to 
the direction of strike. By noting the position on the 
length of tape where the samples were taken, the relative 
stratigraphic position of the samples may be calculated. 
Taking an identifiable stratigraphic boundary, such as the 
base of the Carstone as an absolute datum, the O.D. levels of 
the sampling column may be determined from figure 2-11. The 
individual samples were gathered from below the desiccated or 
weathered Gault crust, or, near the lower part of the face, 
from below the 0.5 - 1.0 m layer of dried mudslide debris. 
The in situ Gault is remarkably hard, approximating a mudrock 
rather than a stiff fissured clay in character, and it was 
virtually necessary to chisel the intact rock, an experience 
reported also by Denness (1969). By exploiting the close 
natural fissure spacings (2 - 20 cm according to Matthews 
1977) larger, fist-sized blocks were extracted to minimise 
the effects of weathering on the surfaces of the blocks.
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Total quantities of 1- 2 kg were collected at each sampling 
position. The samples were sealed in plastic bags from which 
the air had been expelled to avoid the problem of "sweat" 
that was reported by Denness (1969) to arise from atmospheric 
moisture contained in the air. The samples were transported 
speedily to the soil mechanics laboratory at Kingston 
Polytechnic for testing.

Geotechnical index and shear strength tests were made on 
the recovered Gault samples. Because of the variable 
desiccation history of the exposures (e.g. some parts of the 
same section buried by mudslides, others in a steep face 
exposed to the atmosphere), the natural water content is 
thought to be meaningless, although the effects of gross, 
near-surface desiccation were screened out in sampling. 
Matthews (1977) discovered that small specimens were not 
durable in slaking tests: two cycles of saturation and oven 
drying were sufficient for complete disintegration. It is 
unlikely that field conditions are this extreme, and the 
overall integrity of the in sttu Gault in maintaining steep 
natural faces is evident from the longevity of the outline of 
these in plan or cross-section as revealed on successive 
editions of large-scale O.S. maps. With the exception, then, 
of the natural water content, the usual index properties were 
determined. These included the Atterberg limits of every 
sample and the gradings and clay fractions of selected 
samples.

Specimens were prepared by air drying, then crushed using 
a mortar and pestle. This method was also found to be 
adequate for the preparation of samples for particle size 
analysis; Denness (1969) found that disaggregation was 
achieved better by the use of a dilute ammonium hydroxide 
solution. The particle size distribution was measured by the 
Pipette Method, in accordance with standard test procedures 
(BS 1377: 1975, Test 7C). The determination of Liquid Limit 
differed from standard practice by the use of specimens which 
had been neither oven dried nor screened through a BS No. 36
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sieve. These departures reflect the desire to det€‘rmine the 
index properties of specimens representing the complete soil, 
for which the relation between tn situ behaviour and 
classification by index properties might be established more 
closely. It also facilitates direct comparison of result 
with those of Denness (1969) who adopted the same criterion. 
He found that unscreened specimens of Gault contained no 
particles large enough to affect the test unfavourably, and 
reported that the effect of dehydration by oven drying was to 
reduce the value of LL by up to 10%. The Liquid Limit was 
determined by the one-point cone penetrometer test (Clayton 
and Jukes 1978), a variant of the standard test (BS 1377: 
1975, Test 2A). Ring shear tests were conducted on 
disaggregated specimens remoulded with distilled water to a 
water content close to the Plastic Limit.

The shear strength parameters of roost relevance to the 
geotechnical behaviour of the Gault cure those defining the 
residual strength in terms of effective stresses. 
Determinations of these parameters have been made using the 
Bromhead ring shear apparatus (Bromhead 1979, Bromhead and 
Curtis 1983), a device which for routine and relatively fast 
shear strength testing has many of the advantages of the 
conventional Bishop ring shear apparatus. A typical test 
involving about six shear stages at different normal loads 
can take up to 2.5 weeks to conduct, for a shearing rate of
0.048°/minute. It is therefore impractical to test every 
sample, and instead the specimens from each site exhibiting 
the lowest and highest Liquid Limit were selected, following 
Hutchinson's (1969) procedure for the Folkestone Warren 
samples. in some cases the high LL specimens comprise 
disturbed "gouge" material collected from slip surfaces in 
the field. The procedure in the ring shear test involves the 
rapid manual formation of a shear surface prior to slow 
motor-driven shearing, and no records of pre-failure 
behaviour are available. Matthews (1977) conducted drained 
shear box tests (76.2 vm diameter specimens) on intact Gault 
and his peak and residual shear strength data are reported
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below for comparison.

It has not been possible to determine the mineralogical 
or chemical composition of the samples, because of 
constraints on time and resources. It is hoped that 
representative analyses will in due course be made; however, 
in the interim the results of Matthew's (1977) determinations 
for the Gault at Dunnose axe taken as being illustrative.

8.1.2 Gault in the southern Isle of Wight

BlacXgang

Samples of the Gault were collected from several sites 
below Gore Cliff. These sites are illustrated in figure 6-6. 
An excellent outcrop (SZ 48857641) affording the safest 
access to the lowermost 18 m of the Gault was found on the SE 
face of a large mudslide embayment which is located below the 
former site of Cliff Cottage. This particular site has been 
used by other workers on the Gault, such as Denness (1969) 
and Owen (1971). A fresh outcrop (SZ 48967643) of the
uppermost 5 m of the Gault, including the whole of the 
overlying Passage Beds, was exposed in the rear scarp of the 
March 1978 landslide above the Cliff Cottage site, thus 
affording a useful stratigraphic comparison. A considerable 
thickness of the Gault formation between the two exposures 
is, however, obscured by landslip debris. Two further sites 
(SZ 49337598 and 49427593) at the SE end of the BR sector 
exhibited small outcrops of the Gault. Exposed thicknesses 
were limited to only about 3.5 - 4.5 m, and the elevations of 
these sites suggested a location in about the middle part of 
the sequence. Correct relative stratigraphic location was 
determined by reference to figures 2-11 and 7-26 where, from 
accurate level and position surveying, the sites could be 
related to the local dip of the strata.

The consequent stratigraphic column is thus a composite 
and may be seen (figure 8-1) to provide only a partial
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coverage of the full thickness of the Gault sequence. No 
advantage would be gained from using the largely inadequate 
samples from the boreholes as these derive entirely from the 
lowest part of the formation which is well represented from 
cliff-face sampling. No practicable access was possible for 
borehole sampling of the missing parts of the column.

The geotechnical data for the Gault at Blackgang are 
illustrated in figure 8-1. Allowing for the two zones from 
which no samples were recovered, a fairly clear pattern of 
upward increase in plasticity emerges. This pattern is 
distinguished by a rather marked increase, from around 50% to 
65% in the value of Liquid Limit, at a height of 14 - 15 m in 
the stratum. This is almost certainly a result of a 
fundamental lithological change which is in part reflected by 
the values of clay fraction (CF % < 2 fm) increasing from 35% 
in the lower 13 m of the stratum to 50 - 60% at heights above 
18 m. The sand:silt ratio decreases from 0.9 to less than 
0.2 over this range. Owen (1971) gives a stratigraphic 
column for the lowest 17.5 m of the Gault at Blackgang.* the 
lower 9 m is described as a series of 12 thin beds, mainly 
micaceous silty clays, whereas the overlying rock comprises 
just two beds described as clays. The lithological and 
geotechnical descriptions are consistent.

It is almost certain that the slip surfaces of the 
landslide which obscures the in situ Gault above 18.1 m are 
predisposed to form at this level in the stratum because of 
the above change in lithological and geotechnical 
properties.

Higher in the Gault stratum considerable variation is 
exhibited by the Atterberg Limits, with values of Liquid 
Limit varying between 60% and 80% over height increments of 
as little as 2 m, for example. These are taken again as 
being indicative of narrow lithological variations, as 
siltier and sandier lenses and laminae begin to predominate 
towards the overlying Passage Beds unit. The decrease of 30%
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in the value of Plasticity Index between 43 and 44 m 
demonstrates the validity of the field definition for the 
Gault/Passage Beds lithological junction at about this 
level.

The results of shear strength determinations are 
presented in table 8-1. Illustrative test data are given in 
figures 8-2 and 8-3. As the shear strength parameters sure 
derived from least-squares curve fitting, and the normal 
stress range below 50 kN/m2 was not examined, it is likely 
that the values of cohesion intercept (c'r ) are 
overestimated. A lowest bound value of c*r - 0 may therefore 
be assumed. Comparison of the values for angle of shearing 
resistance (4>’r ) may be made with depth and with Liquid 
Limit. The depth pattern is consistent with the lithological 
changes above 15 m and near the top of the stratum. Values 
of 4>*r between 15° and 25° acre characteristic in the lower 
zone, whereas the remainder of the Gault, with the exception 
of the uppermost 1 - 2 m, and by interpolation in the 
obscured zones, has values of <j>'r within the very narrow 
range of 7.0° - 9.0°. This order of minimum shear strength, 
exhibited by sheared material in slip surfaces and by 
previously unsheared, remoulded Gault specimens, is again a 
function of the lithology. It is therefore likely that the 
confining of failure in the Gault here to the upper two 
thirds of the stratum where clay contents are greater than 
50% is also a function of this. In contrast, the pattern of 
variations shown by <J>*r and LL is less clear, although in 
general the decrease in residual shear strength can be 
related to the trends of increased clay content and Liquid 
Limit shown in figure 8-1. Humphris (1979) records a closer 
relation between <t>'r and LL in samples collected from unknown 
levels in the Gault stratum at Blackgang. These results are 
shown at the foot of table 8-1 for comparison.

There is scope for further work on the sampling and 
testing of the Gault to determine more fully the relationship 
between lithology, geotechnical index properties, shear
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strength and other factors such as degree of weathering. The 
results of the present, rather limited, study are believed to 
be the best survey of the southern Isle of Wight Gault made 
to date, especially in view of its proven greater thickness. 
Denness (1969, fig. 13) presents geotechnical data for 
Blackgang where, he claims, "the complete stratum was 
exposed". This assumption is almost certainly in error. It 
is clear that his section is a composite one totalling about 
110 feet (33.5 m) in thickness, and comprising a lower half 
(c. 17 m) from the Cliff Cottage ("Blackgang”) site and an 
upper half from beneath the 1928 Gore Cliff rockfall scarp 
("Rocken End"). Owen (1971) in conducting stratigraphic 
investigations of the Gault, visited these same areas and 
presents two section which correspond to the 0 - 18 m 
interval at the cliff Cottage site (SZ 48877644), and the 
28 - 33 m interval at the Gore Cliff Site (SZ 49437590). As 
well as the fact that Denness's data is deficient of 
information over about 10 m of the thickness of the stratum, 
it is also likely that the upper half of his section is 
seriously misinterpreted. Other than the 4 - 5 m noted by 
Owen and the present writer, no Gault is exposed clearly at 
the Gore Cliff site, and it is likely that Denness in fact 
sampled a considerable thickness of Passage Beds, which are 
exposed near here, in mistake for the upper part of the 
Gault. Contemporary photographs by Curtis and Edwards (1968) 
confirm that the site has not altered greatly in the past 15 
years, thus precluding the possibility of some upper Gault 
having been obscured subsequently. The "Rocken End” data 
presented by Denness (1969) must therefore be rejected as 
they cannot be placed in an adequate stratigraphic context. 
The lower "Blackgang" geotechnical data match closely those 
determined above. Over the o - 14 i interval Denness also 
records an increase in Liquidity Index from ~0.2 to 0. Two 
shear strength determinations are included in table 8-1, 
although probably the use of a reversal shear box renders 
direct comparison with the ring shear data of limited value 
(cf. conclusion of Hutchinson et at. 1980 at Folkestone 
Warren).
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Dunnose

Although Gault outcrops axe visible over a considerable 
length of the Dunnose/Luccombe cliffs, only one site, shown 
on figure 6-26, was considered accessible enough to be 
sampled. This site is even more dangerous than those at 
Blackgang, and special consideration was given to safety 
during the sampling. A height of about 15 m of the lower 
part of the Gault stratum is exposed here (SZ 58217840). 
Owing to the thick undergrowth and to the chaotic masses of 
debris from the 1810 and 1818 landslides, outcrops of higher 
parts of the stratum were, if present, neither visible nor 
accessible. The main value of sampling from the cliff face 
site is in the comparison afforded with the geotechnical 
properties of the lower zone of the Gault of Blackgang.

A small outcrop of Gault was exposed in the rear scarp of 
a landslide which affected the seaward part of The Landslip 
just above the present sampling site. Street (1981) took 
disturbed samples from this outcrop (SZ 58137837). As this 
occurs in an area of previously disturbed ground it is 
difficult to determine a stratigraphic control; however, 
Street’s data are useful for giving an indication of the 
geotechnical properties of the Gault from higher in the 
stratum than 15 m. Matthews (1977) collected Gault samples 
from a i m  deep pit at the "top of the sea cliffs at 
SZ 58187835". It is not clear whether the material was 
collected from above the slip surface, in which case its true 
stratigraphic level is unknown; or from just below, in which 
case it will correspond to the uppermost samples gathered in 
the present programme. It is reported by Hutchinson (Reconn, 
in prep.) that a Gault specimen was taken from an exposure 
"near the base" of the stratum at SZ 58227854.

The geotechnical data for the Gault at Dunnose are 
illustrated in figure 8-4 which, for ease of comparison, is 
drawn to the same scale as figure 8-1. It may be seen 
immediately that there is a remarkable correspondence in both 
the values and the patterns of the two sets of data. In
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particular, the trend of increasing plasticity with height 
above the stratum base is well exhibited. The subtle 
fluctuations of curve shape (e.g. the narrow zone of higher 
liquid Limit near the base) are matched to within 1 m at both 
sites. This, and the exact equivalence of clay fraction 
(44%) at about 15.5 m, suggests that the geotechnical 
properties of the Gault at Dunnose are affected similarly by 
the lithological variations.

The data given by Hutchinson (Reconn, in prep.), Matthews 
(1977) and Street (1981) are listed in table 8-2 and may be 
seen to agree approximately with the values determined above. 
The following additional properties for the Gault are noted 
by the two latter writers .* natural water content 
w * 18 - 22%, dry unit weight y<j = 16.6 - 17.2 kN/m3, bulk 
unit weight y - 19.9 - 20.9 kN/m3, specific weight 
G « 2.59 - 2.61.

Fewer shear strength determinations (e.g. figure 8-5) 
were made on the samples frown Dunnose than from the Blackgang 
ones. These data, together with those of Street (1981) who 
used the Bromhead ring shear apparatus, and Matthews (1977) 
who used a 76.2 mm diameter circular shear box, sure presented 
in table 8-3. By comparing these with the Blackgang results 
(table 8-1), a broadly similar pattern of shear strength 
variation with depth and Liquid Limit may be inferred. Of 
particular relevance is the close correspondence in shear 
strengths of the materials where slip surfaces are formed: 
lower bound values for "high" Liquid Limit Gault (60 - 80%) 
are taken as c’r = o, <t>’r * 9.0°.

Matthews (1977) presents results of other geotechnical 
tests that were not conducted in the present programme. 
These include the brittleness observed in shearing 
undisturbed specimens, the swelling characteristics of the 
Gault, and consolidation behaviour. The following data, 
which derive from samples probably taken close to 15 m in the 
stratum at Dunnose, are taken to be representative of the
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Gault. Linear free swelling coefficients between 0.G1 and 
0.09 were obtained, which Matthews describes as "significant” 
and which is said to account for the rapid breakdown of Gault 
exposed to cyclic wetting and drying. A coefficient of 
swelling, defined by the relation

_____-Ae
3 ~ Alogxoa’v

where e is the void ratio and a ’ v the effective vertical 
stress, is given a numerical maximum value of 0.48 m2/year. 
The consolidation coefficient cv has a value of 0.63 m2/year, 
and the coefficient of volume compressibility mv has a value 
of 5.4 x 10-5 m2/kN.

The brittle behaviour of the Gault is of little relevance 
to failure taking place on existing shear surfaces, which is 
assumed to be the case in the more recent landslides 
affecting the Undercliff. However, in instances of 
first-time failure, which may occur on slip surfaces in the 
rearward part of a multiple rotational slide, the effect of 
brittleness is of considerable importance (see 8.4.6). Such 
an explanation may account in part for the commonly observed 
greater average values for shear strength derived by back 
analysis in comparison to laboratory residual strength tests. 
Values of Brittleness Index, defined by the relation 
Ib  ~ (Tf - rr )/Tf where Tf and Tr are peak and residual 
shear stresses respectively, have been determined in 
Matthews’ shear box tests to lie in the range 0.54 (at 
a'n = 195 kN/m2) to 0.32 (at a ’n = 780 kN/m2). Peak shear 
strength parameters are given as C  = 5 3  kN/m2, <t>' = 23°.

Certain indices have been derived from the geotechnical 
properties to provide for comparison between different soils. 
One such index is the activity, defined as the ratio of PI to 
clay content. Average values for Gault in the vicinity of 
the slip surface vary from 0.82 to 0.48. The use of a 
plasticity chart (PI vs LL) can identify a broad class of 
soil type. The present data plots in a scattered grouping 
about the intersection of the 50% LL value and the A-line,
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thus making classification difficult; however, a slight 
predominance for the CH class could be inferred. These are 
inorganic clays of high plasticity. The Gault in the 
southern Isle of Wight may be classified texturally as a 
silty clay.

Conclusion
With reservation as to the number of samples tested, it 

can be argued that the similarity of geotechnical data in the 
lowermost 15 m of the Gault stratum supports the contention 
that little difference in the patterns of the lithological 
and geotechnical properties exists in the whole stratum and 
between the western and eastern extremities of the 
Undercliff. Without the benefit of intermediate confirmatory 
exposures, it is therefore assumed that the multiple 
rotational landslides forming the Undercliff are seated 
exclusively in the upper two-thirds of the thickness of the 
stratum and that one set of geotechnical properties may be 
taken as characteristic of the material failing in and 
forming the basal slip surfaces.

8.1.3 Comparison with Folkestone Warren

In terms of both geomorphology and geotechnics, the 
coastal landslides at Folkestone Warren, Kent (Hutchinson 
1969, Hutchinson et al. 1980) invite an obvious comparison. 
The extensive knowledge of these landslides, built up from a 
long history of movements, monitoring, site investigation and 
analysis, is likely to be of considerable relevance to an 
understanding of the Undercliff, for which the subsurface and 
geotechnical information is, by comparison, relatively little 
known. It is in the properties of the Gault, in Which both 
landslide complexes are seated, that a numerical measure of 
comparison may best be illustrated.

Hutchinson (1969) emphasized the lithological variability 
of the Gault, both laterally and with depth at any locality,
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Which is reflected in the considerable spread in the values 
of Liquid Limit. The criterion for testing was to take 
specimens from the highest and lowest LL horizons, in order 
to define the range of mechanical properties. Index values 
for the Folkestone Gault are presented in table 8-4. The 
"low LL" sample, from the Upper Gault stratum, may be seen 
(figures 8-1 and 8-4) to correspond roost closely in 
plasticity and activity to the Gault in the vicinity of the 
slip surfaces encountered between 15 and 18 m height in the 
stratum in the Isle of Wight. It should be noted that the 
stratigraphic equivalent of the Upper Gault at Folkestone is 
the Upper Greensand in the Island; comparison of geotechnical 
properties between the isle of Wight Gault and the Folkestone 
Upper Gault is valid because of the lithological, rather than 
palaeontological similarities. The "high LL" sample, from 
near the base of the Lower Gault, is not matched 
stratigraphically in the Island; however, the specimens from 
around 31 m height at Blackgang (figure 8-1) are remarkably 
similar. There therefore seems a valid basis for comparing 
the shear strength and consolidation parameters of the Gault 
at these two rather widely separated (180 km) southern 
England sites.

It is well known that the values of shear strength 
parameters, particularly that of <t>’r, are dependent on the 
values of normal effective stress. This is illustrated 
clearly in figures 8-2, 8-3 and 8-5, and by Hutchinson et al. 
(1980, fig. 20). The shear strength data presented in tables
8-1, 8-3 and 8-4, which are derived by linear regression over 
the whole range of normal effective stress, enable comparison 
to be made of a probable lower bound. For both "high” and 
"low” LL samples in the Isle of Wight an average value of <t»’r 
close to 9.0° is obtained. This agrees favourably with the 
"low LL" sample from Folkestone Warren (10.8°). It may be 
seen in table 8-1 that one specimen, at 31.0 m height in the 
stratum, has a value of $'r (7.0°) close to that of the "high 
LL" sample. In general a broadly inverse relation between 
<J>'r and LL may be inferred, as shown in figure 8-6.
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Consolidation coefficients for the Folkestone Warren 
Gault cure reported by Hutchinson et al. (1980) (see table
8-4). ihe Isle of Wight values reported by Matthews (1977) 
are comparable, although the slightly lower value of mv in 
the Island may be due to a lower value of permeability, which 
is in turn probably a function of the diagenetic 
preconsolidation stresses. These at Folkestone Warren are 
given by Hutchinson (1969) in the range 3350 - 3850 kN/m2,* 
Matthews (1977) suggests values greater than 5000 kN/m2 for 
the Isle of Wight Gault.

A qualitative clay mineralogical analysis of the Gault at 
Dunnose was conducted by Matthews (1977), who reports a 
composition of illite, kaolinite and montmorillonite. By 
analogy with the work of Hutchinson (1969) on the Folkestone 
Warren Lower Gault (stratigarphical equivalent of Isle of 
Wight Gault), illite is likely to be the major constituent 
(> 35%) with kaolinite in moderate (20 - 34%) and 
montmorillonite in trace (0 - 9%) amounts. These general 
proportions are also reported by Samuels (1975) and Sellwood 
and Sladen (1981). Quartz and muscovite have been observed 
in the silt and sand fraction, and about 16% calcite was 
measured (Matthews 1977).
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8•2 ROCKFALLS AND LANPSLIDING AT THE REAR SCARP

8.2.1 Joints, fissures and vents

The Upper Greensand and Lower Chalk rocks outcropping at 
the rear of the Undercliff are, as discussed in 7.1, subject 
to mass movements, including involvement in rotational 
landslides and rockfalls from places where there is a high 
cliff or rear scarp. Almost certainly the predisposition to 
failures of these kinds is governed by the pre-existing 
weaknesses or discontinuities within the rock mass, 
especially the joints.

Joints are well revealed in exposures of the Chert Beds 
(unit 5c) which are the hardest rocks in the Undercliff 
lithological sequence. Some joints can be traced in the 
Lower Chalk, although the relatively more weathered state and 
poorer exposures of both this formation and the Upper 
Greensand strata underlying the Chert Beds make recognition 
of the joints less simple. It is common for there to be a 
separation between the faces of the better exposed joints, 
and for these to penetrate for considerable depth through 
several of the different strata in the cliff. In most cases 
it is not clear whether the opening has been effected by 
chemical means such as weathering or solution, or by physical 
processes such as frost-wedging, differential thermal 
expansion, lateral stress relief upon unloading, or 
displacements associated with failure and mass movement. The 
opened joints are termed here fissures; where a strong 
likelihood exists of the opening having been effected by 
landslide related processes, then the term vent will be 
preferred.

This usage of vent conforms with Hutchinson's (1969) 
proposal of joints in a cap rock overlying an over
consolidated clay having been opened increasingly towards the 
slip scarp as a result of progressive failure in the clay and 
seaward expansion of the rocks (see 8.4.6). By contrast the
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term vent is used locally in the Isle of Wight to indicate a 
"plane of movement" (Mr E J Alderton pers. comm.)* As these 
are almost entirely based on surface observations, they 
cannot necessarily be related positively to the movement of 
joints. The recent experience in Ventnor (7.2) suggests that 
many "vent" movements are observed as linear differential 
subsidences rather than the lateral opening proposed in the 
above definition. Any "plane of movement", whether a 
widening or a subsidence, will almost certainly follow the 
pre-existing weaknesses which may of course include closed 
or open joints (fissures), or vents. The absence of current 
movement thus does not preclude the existence of a vent in 
the broader sense. The etymology of Ventnor is unclear, but 
is unlikely to be related to the rather specific and recently 
defined engineering geological phenomenon which undoubtedly 
exists in the town. The use of vent differs from 
conventional geological practice in describing the fumarole 
of a volcano, for example; this definition is linked to wind 
or exposure to air. The alternative etymology, that of cleft 
or slit, is the probable source of the fissure-type vent.

An examination of the joints, fissures and vents that are 
characteristic of the Undercliff has been facilitated at two 
sites: along the top of Gore Cliff, Blackgang, and in the 
former quarry and railway station in Ventnor (SZ 561780).

Gore CLiff
Owing to the thin or absent cover of Lower Chalk at the 

crest of Gore Cliff, the strongly jointed Chert Beds, which 
are very well exposed in the cliff face (figure 8-7), cure 

accessible from the top. Measurement of the dips and dip 
directions of the joint faces was made using a 
Breithaupt-Kassel compass clinometer. For safety reasons it 
was not possible to venture too near the brink of the cliff, 
and the sampling procedure is probably therefore neither 
rigorous nor unbiased to some extent. The predominant 
discontinuities measured were joints, although these often 
appear to be fissures on the cliff face. Because of the
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rounded edges, the roughness and irregularity of the paired 
faces, and the fact that the opening seldom penetrates more 
than 0.5 - 1 m into the cliff, it is likely that the joints 
have been exploited by subaerial weathering. Several true 
fissures were encountered, extending for an unknown distance 
into or parallel to the cliff face, and varying in width from 
0.08 to 0.35 m. One of these may properly be termed a vent 
(see 7.3), as it shows clear signs of having opened as a 
result of mass movement.

The results of the measurements were plotted on a lower 
hemisphere, equal area, polar stereonet (Hoek and Bray 1977) 
and are summarized in the contours of figure 8-8, which were 
determined using the floating circle counting method. The 
number of discontinuities measured was about 25% fewer than 
the minimum number recommended by Hoek and Bray (1977) but 
this was due to the safety considerations explained above. 
In spite of this a very clear pattern consisting of two 
steeply-dipping joints sets is revealed. The statistical 
means are given by dips/dip directions of 78°/306° and 
83°/218°. These correspond to whole circle trend bearings of 
036° and 128°, from which it may be inferred that the Chert 
Beds in Gore Cliff are almost completely dissected by a 
rectangular grid-like joint pattern. The spacing between the 
en echelon joints is commonly in the range 4.2 - 5.8 m. This 
pattern dominates the detailed outline of the cliff, 
producing a saw-toothed appearance at its north-western end. 
The vent near the south-eastern end is controlled principally 
by the 128° trend. Further evidence of joint control in 
failure is discussed below.

Ventnor "station"

The second main investigation took place at the eastern 
end of the CJndercliff, in a site behind the conventionally 
recognized rear scarp position of the landslides, and one 
exposing uniquely a series of joints and fissures passing 
back northward into the Southern Downs. The site is shown as 
a small quarry on the 1st edition O.S. 1:2500 scale map
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(1864)/ but was subsequently expanded to form the Ventnor 
railway station. This was the terminus of the line from 
Shanklin and Wroxall which passed in tunnel under the 
Southern Downs and emerged at the quarry site. The railway 
closed in 1966 (Allen and MacLeod 1967), and an industrial 
estate and Southern Water Authority reservoir now occupy the 
site. The original quarrying was for the freestone, a good 
local building material, which lies 2.4 m below the Chert 
Beds. The location of the quarry was, presumably, dictated 
by the thin overburden of Lower Chalk afforded by the dry 
valley at whose mouth it is situated.

The Chert Beds and freestone bed are exposed excellently 
in the excavation which cuts back about 200 m into the 
Southern Downs. A prominent series of joints and fissures is 
visible in these strata in both sides of the cutting. Many 
of those on the western face have been exploited and enlarged 
into caverns dug back into the hillside on the trend of the 
fissures. Now used as garages or storage places, the 
entrances are mostly bricked up and no access is possible 
because of the factories built adjacent to them. The 
opposite, eastern face is not obscured in this manner and was 
the better on which to make the measurements. The joints 
here are also opened, particularly nearer the base of the 
cutting, although whether this is due to quarrying activity, 
solution or to some kind of differential movements is not 
clear. It is not possible to trace exactly the line of 
fissures across the floor of the excavation which has been 
paved and obscured by many buildings, although the joints 
certainly once ran continuously between the eastern and 
western faces. This is confirmed by the general agreement in 
the directional trend from 10 estimates made at the western 
face (098° ± 11°) with the measurements given below of the 
eastern face fissures. No joints were seen in the upper 
faces of the overlying Lower Chalk, although they probably 
exist but may be obscured by vegetation or infilled by loose 
weathered chalky material. The fissures at this site were 
first reported by Hutchinson (1965a).
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For the present study, a series of 18 fissures was 
measured in the eastern face, beginning near the southern 
entrance to the industrial estate and proceeding inland to 
the old tunnel portal. No fissures are visible in the tunnel 
which is brick lined. On average at least 5 measurements of 
dip and dip direction were made on the sides of each fissure, 
the width of the opening recorded, the distance between 
adjacent fissures measured, and the offset across the fissure 
noted if it was apparent from the tracing of individual 
strata. The data, which are in general agreement with 
Hutchinson's (1965a) observations, axe summarized in table
8-5. These show that the fissures dip at between 80° and 87° 
approximately to the south; the mean directional trend from 
109 individual mesurements is 088° ± 21°. This value is, 
within the random error associated with field measurement, 
close to that for the fissures in the western face. There is 
also close agreement with the data of Matthews (1977) (102° 
at this site, and 100° in The Landslip rear scarp), and that 
of Squire et al. (in press) (c. 089° and 098°, probably from 
the same respective sites). These authors also give details 
of a second major joint set trending at approximately 
010° - 020° (Matthews 1977) and c. 010° (Squire et al. in 
press). No measurements of this second set were made in the 
present programme, as these joints were not revealed in the 
eastern face. This face does, however, trend at a bearing of 
approximately 010° and is almost certainly formed in the 
plane of the second joint set.

It is thus clear that the hard rocks at the rear of the 
Undercliff are dominated by two, nearly orthogonal, en 
echelon joint sets, which, allowing for a slight alteration 
in the respective directions at the western and eastern ends 
of the Undercliff, may be assumed to form a continuous 
pattern throughout the strata concerned.

The fissure spacing and offset displacement data in table 
8-5 indicate a very important trend in the Undercliff joints.
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It as apparent that the fissure spacing increases northwards 
and that at the same time the amount of offset diminishes. 
In all cases the relative displacement in the offset (figure 
8-9) is a slight subsidence to the south. A model of the 
suggested pattern is shown schematically on the cross section 
through Ventnor (section VN1) in figure 8-19. No such 
similar clear trend is indicated by the fissure widths which 
show considerable geometrical irregularity, often involving a 
wedge-like widening towards the freestone at the base. Over 
the c. 106 m between fissures 1 and 18, a total displacement 
of 2.36 m has been measured; this corresponds to an apparent 
dip of 1.3° to the south, in addition to the local dip of 
1.7° in the same direction. It is likely that the early 
(mis)interpretation of a steepening in the local dips near 
the Undercliff, referred to in 2.2.2, arose from this sort of 
trend. The fact that the strata are displaced in a regular 
manner, along joint planes running back at least 230 m from 
the Undercliff rear scarp, and probably dying out further 
inland, has important implications for the mechanics of 
failure in the Undercliff and in its rear scarp. This was 
touched upon by Hutchinson (1965a) and is discussed below 
(8.4.6).

An indication of the depth attained by some fissures is 
given on an Isle of Wight County Council Drawing (No. 
203/8/3), dated August 1954). A cavity which opened in the 
Whitwell Road at about SZ 54927732 in late 1953 or early 
1954, requiring the road to be diverted inland by about 10 m, 
was plumbed to a depth of 38.4 m from road level (c. +103 m 
O.D.). Shown in cross section, the narrow vertical fissure 
developed an enlarged cavity about 4.5 m below road level, 
which is shown approximately at the level of the top of the 
Upper Greensand. It may thus be inferred that the fissure 
penetrated at least 32 m of the Upper Greensand formation, 
corresponding exactly to the total combined thickness of the 
Chert Beds and Malm Rock units (figure 2-8b). No indication 
was apparent of any differential subsidence having taken 
place. It is likely that the cavity developed by collapse of
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loose fill and Lower Chalk debris into the fissure. The 
cavity extended ENE, i.e. along the line of the road and 
parallel with the rear scarp from which it is about 18 m 
distant, over the months April to August 1954.

8.2.2 Failure in the rear scarp

Historical observations and geomorphological evidence 
suggest that the Upper Greensand and Lower Chalk are affected 
by two main kinds of failure, rockfalls and multiple 
rotational landsliding.

Rotational slides

The participation of these "cap rocks" in multiple 
rotational landsliding in the Gault is part of a process of 
failure involving the incorporation of a slice of the rear 
scarp in a massive first-time rotational landslide. No 
instance of this kind of landslide has even been known in 
historical times in the Undercliff. The evidence of great 
blocks of the Upper Greensand and Lower Chalk, back-tilted 
and displaced lower in the Undercliff, such as above St 
Catherine's Point, at Woody Point (BS sector) and at 
Bonchurch, suggests the process was important formerly, 
probably when there was greater landslip activity during the 
Holocene (see 3.3.1). The geotechnical properties of these 
uppermost strata are, however, of less importance in 
controlling the failure than those of the Gault. The joints 
and vents probably control the development of the uppermost 
part of any new sliding surface. It is instructive in this 
regard to compare the orientation of the sides of the Lowther 
graben with that of the vents in the industrial estate 600 m 
further east. An average bearing of 075° is consistent with 
the trend of one of the major joint sets exhibited both at 
Upper Ventnor and at Blackgang. As the graben can be 
regarded as being of landslip-related origin, it is likely 
that the orientation and trend of movements, both widening 
and subsidence, follow certain pre-existing discontinuities,
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joints or vents. The mechanics of the overall process of 
multiple rotational landsliding is described below (8.4.6).

Small rochfalls

Rockfalls occur from steep, high rock faces at the rear 
of the Undercliff, about 75% of the length of which is so 
characterized. The predominant mode of failure is the 
dislodgement of joint-bounded blocks from the upper strata, 
the Lower Chalk and Malm Rock are more susceptible to 
weathering and erosion by wind, rain, frost, differential 
heating and solution than the Chert Beds and the underlying 
freestone bed which are left in overhanging relief. Blocks 
having dimensions of a similar order to the natural joint 
spacing and weights in the range 100 - 1000 tonnes then fail 
by falling, as a result of the loss of support and through 
other processes such as frost wedging. Fresh signs of these 
small rockfalls are visible in Gore Cliff (figure 8-10) and 
in the cliff above St Lawrence where their proximity to 
houses suggests an appreciable hazard.

Large rocKfalls

Very large failures, involving hundreds of thousands of 
tonnes of rock, are, fortunately, rare in the Undercliff. 
Two instances have been reported in recent historical times 
(see 7.1.7 and 7.1.1), the one associated with the 1810 
landslide in the DL sector and the other being the well 
documented 1928 failure of Gore Cliff. The latter is taken 
here as an example. This was a toppling failure which, as 
noted by Hutchinson (Reconn. in prep.), exhibited three main 
stages of warning that have been observed in large rock 
slides in Norway and Switzerland (Bjerrum and Jtfrstad 1968):
(i) an increase in the width of open surface joints 
particularly in the upper part of the slope, noticeable many 
months before the failure occurs; (ii) a tendency, shortly 
prior to the failure, for the number and frequency of small 
rockfalls to increase, sometimes accompanied by crushing of 
rock at the surface? and (iii) the observation of bangs and 
booms emanating from the slope. There is no evidence to link
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It is not easy to identify retrospectively what type of 
toppling failure the Gore Cliff rockfall was. The 
observations at the time of both fissure widening and of 
slight subsidence is supported by the present field evidence 
in the adjacent fissure (7.3) of a small degree of back-tilt 
and re-engagement of the joint faces near the top. It has 
been noted above that fissures or vents can penetrate 
virtually the whole thickness of the harder strata, in this 
case the Chalk Marl, Glauconitic Marl, Chert Beds and Malm 
Rock. The failure initially seems to have involved a partial 
sliding component, and this is likely to have developed in 
the underlying Passage Beds and Gault. It is not suggested 
that a complete sliding failure was involved, of the kind 
proposed by Hutchinson (1972) for chalk cliffs.

There is an established precedent for considering a 
combined toppling and sliding failure mechanism (Hamel and 
Adams 1974). This has been termed (Goodman and Bray 1976, 
Hoek and Bray 1977) a "secondary toppling" mechanism, and the 
1928 rockfall was probably in the subtype brought about by 
the weathering of underlying materials. Evans (1981) has 
reconsidered possible mechanisms for the development of 
secondary toppling failure induced by basal weathering; it is 
significant that his model is one involving a massive 
sandstone unit overlying a basal mudstone and all except one 
of the proposed mechanisms features degradation or failure in 
the mudstone unit. The following possibilities were given: 
failure by undercutting, failure by horizontal stress 
perpendicular to the free face, bearing capacity failure, 
sliding along a basal plane, toppling induced by cleft water 
pressure, and differential settlement. Evans concludes that 
all can play a part, but that the main contributing factor 
appears to be differential settlement (figure 8-ll). A 
stress distribution analysis for this was presented, although 
an alternative version (Dunbavan 1983) has been proposed,

the eventual failure, which took place in late July 1928,
with antecedent rainfall or frost.
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involving a linear variation in Young's modulus across the 
base. Hamel and Ferguson (1983) note that rockfalls are not 
generally susceptible to rigorous analysis and that an 
empirical approach is most useful. No analysis of the 1928 
Gore Cliff rockfall has been attempted in this context, owing 
principally to the difficulties of establishing the 
pre-failure slope geometry and to a dearth of geotechnical 
information for the materials involved (probably the Passage 
Beds).

The relevance of this example to possible future failures 
by large rockfalls from the rear scarp is governed by the 
attainment of suitable slope geometry in combination with the 
efficacy of proposed basal weathering phenomena that lead to 
differential settlement and eventual toppling. Almost 
nowhere else in the Undercliff, other than in the BR sector, 
is there such a steep, high, unsupported cliff face; although 
the cliff above The Landslip may have fulfilled the 
conditions prior to 1810. It may therefore be assumed that 
any future failures of this kind are, from the evidence of 
the measurements reported in 7.3.2, presently unlikely. If 
any should begin to occur, then there will be adequate 
warning provided by observations, and possible instrumental 
monitoring, of the opening of fissures and vents behind the 
cliff top.



390

8.3 PROCESSES IN TOE SEAWARD UNDERCLIFF

8*3*1 Mudslides

The small concave embayments, which in places mark the 
coastal exposures of the lower one-third of the Gault 
formation, are characterized by the presence of minor 
mudslides. As expected, these are revealed most clearly and 
are most active in the western (BR) and eastern (DL) sectors 
where movement of the main Undercliff landslides has been 
more recent. The debris of the slides spills into these 
hollows, along with a great supply of water which emits from 
lines of springs at the level of the sliding surface. This 
debris slides seawards during the winters, incorporating only 
very small amounts of the underlying Gault which is 
undisturbed by the major rotational sliding, and it is then 
carried over a lower cliff formed by the Carstone.

This kind of debris transport may be regarded as a 
special case of mudsliding, for notable differences are 
exhibited from the "classical" patterns observed by 
Hutchinson and Bhandari (1971) and Bhandari and Hutchinson 
(1982). The degree of undrained loading at the head of the 
slope is restricted by the low height of the cliff against 
which the debris accumulates. Instead, it is suggested that 
the quantities of water input into the debris from the (at 
times buried) springs contribute to the rapid formation of a 
pore water pressure regime conducive to raudsliding on the 
moderately steep slope (c. 27.5°). That sliding does take 
place is verified by the presence of well defined, 
slickensided and striated lateral sliding surfaces. Examined 
in a drier state during summer, the basal layer of sliding 
debris was seen to have a comminuted textural fabric, over a 
thin layer of very soft "gouge" just above the in situ Gault. 
The complete development of characteristic mudslide tongues, 
sliding at low angles at the toe of the slope, is of course 
inhibited by the cliff over which the debris spills shortly 
after becoming mobilized. Whether by this means, or by the
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more conventional marine erosion (Hutchinson 1983), the 
necessary removal of material from the toe is achieved 
effectively.

Such effective removal of debris has not been achieved 
from the toes of the small mudslides formed in the embayments 
of the Gault slope above St Catherines Point. It is 
possible to discern at least three phases of deposition in 
lobes and fans over the surface of the great apron which 
prevents the sea from reaching the toes of the mudslides. 
Detailed sub-surface investigation of these accumulations is 
considered worthwhile, as they provide a rare opportunity to 
explore possible periodicity and dating in an undisturbed 
depositional sequence. The mudslides here are not currently 
active, as suggested by the thick overgrowth on them; no new 
material is being added at the head of the slope, springs are 
not in evidence, and debris removal at the toe is inhibited.

From an examination of successive editions of the 
relevant 1:2500 scale O.S. maps, it is clear that very little 
change in the plan position and the inferred cross section 
profile of the active mudslide embayments has occurred in the 
past century or so. This suggests that incorporation of the 
Gault retrogressively into the sliding debris has been 
negligible. The likely explanation for this is the relative 
hardness and low plasticity of the in situ Gault below the 
level of the major rotational landslides.

The function of mudsliding as a geomorphological process 
seems therefore to be a relatively minor one in the BR, CP 
and DL sectors, involving only the efficient transport of 
mobile debris further down the cliffs. This is not to say 
that it does not assume some importance elsewhere. The 
considerable landsliding activity in parts of the PM sector, 
particularly, has been likened by Hutchinson (1983) to a 
large form of mudsliding, although these features are 
described above (6.3.2) as having resemblance also to 
shallow, rather low-angle, translational landslides.



392

Hutchinson ascribes the major activity here to the decline of 
the unprotected base of the Gault to near sea level, where 
marine erosion can effect optimum debris removal from the toe 
of the slide. No equivalent of this pattern is found further 
eastward, owing, presumably, to the mantling and protection 
of the base of the Gault by landslip deposits. The 
"Mi rabies" site is very overgrown and a complete 
investigation of this interesting phenomenon has not been 
possible so far.

It is notable, in contrast to the examples above, that 
mudsliding on other coasts, such as at Beltinge, Kent 
(Hutchinson 1973), may function as a slope process of major 
importance. The morphometry of the Beltinge mudslide 
embayments, expressed in terms of B/H ratio, has been found 
(6.3.1) to compare closely with those at Blackgang.

8.3.2 Coastal cliff recession

Coastal cliff recession in the Undercliff has been 
discussed in general terms above (e.g. 5.2.i, 5.2.2, 5.3.1). 
From the subsequent observations (chapters 6 and 7) of the 
contrasting features of the present geomorphology and the 
history of landsliding activity exhibited between the sectors 
it is clear that the most dramatic coastal cliff recession 
occurs in the lowest Selbornian and Lower Greensand strata 
outcropping in the BR and DL sectors. It is these areas in 
particular which the following discussion will concentrate 
on, although similar, but less spectacular, geomechanical 
behaviour may be inferred to affect the low coastal cliffs 
developed in the same rocks in the PM and BC sectors.

The coastal cliffs formed in landslip deposits (disturbed 
Gault, Upper Greensand and Lower Chalk) near the centre of 
the Undercliff exhibit variable but generally very slight 
cliff recession, depending on the durability of the 
comprising materials. Owing to this heterogeneous and
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variable character it is virtually impossible to distinguish 
ubiquitous processes or to define the geomechanics. There 
are two exceptions, both of relatively little areal 
significance: small mudslides from outcrops of disturbed 
Gault, and shallow rotational landslides in the debris 
forming the coastal cliffs. These are active only 
intermittently and have not been investigated fully.

Before dealing with the processes and mechanics of the 
Lower Greensand cliff recession, it is instructive to discuss 
the methods and results of determining the rates of erosion 
on these most vulnerable stretches of coast.

The large scale ( 1 : 2 5 0 0 )  maps of the Ordnance Survey 
provide an excellent record of the retreat of the coastline 
since the first survey was made in about 1 8 6 2 .  Additional 
series surveyed in 1 8 9 6 ,  1 9 0 7  and 1 9 3 9  supplement the surveys 
made specially for this project. Much information on the 
slope facets is conveyed by hachuring in the earlier two 
editions: later maps, especially the incomplete Provisional 
Edition of 1 9 3 9 ,  are poorer in this respect. Brunsden and 
Jones ( 1 9 7 6 ) ,  however, caution that o . S .  plans "may yield 
reasonable figures on cliff retreat rates" but that 
"... hachuring can at best only give a very general 
indication of the changing topographic pattern". An example 
of certain valuable information gathered from these maps is 
shown in figure 7 - 1 ,  based on tracings from maps in the 
collection of the British Library. The indication of cliff 
retreat is given by the position of high water mark which 
can, in general, be related to the position of the foot of 
the cliff, although it is well to be aware that the rates of 
cliff recession derived by this means may underestimate the 
true position if colluvial debris mantles the cliff and 
pushes high water mark seawards.

A more reliable, but more difficult, means of determining 
cliff recession is through reconstruction of cross sections 
from which measurements of the cliff top position may be
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taken. Details of the construction of the earlier slope 
profiles are noteworthy since the O.S. maps indicate only 
probable breaks of slope. The thicknesses of strata and 
their dips have been accurately surveyed (figures 2-7 and
2-11) and their outcrops have in many instances been found to 
coincide with features on the slope. Similar features on the 
earlier maps are then assumed to mark the same outcrop, the 
position of which is then fixed from the plan dimensions and 
the projection on the section of the appropriate stratum. 
Where these salient points do not define fully the angles of 
the slope facets, slope angles from comparable positions on 
the modem section have been used. Examples of such cross 
sections are given in the paper by Hutchinson et al. (1981b) 
which is appended to this dissertation. Shown in figure 8-12 
are two similar cross sections of the cliffs in the BR sector 
which are taken from Bromhead et at. (in prep.).

The most striking feature of these reconstructions is the 
massive retreat of the cliff of Ferriginous Sands and 
Sandrock at the toe of the slope. In the BR sector the 
lowest coastal cliff is formed mainly in strata lb, 1c and 
2a, and because of the south-eastward dip, decreases in 
height from around 44 m near Blackgang to only 8 m at Rocken 
End. Several minor undercliffs are also developed in the 
overlying Sandrock strata. The available data (figure 8-12) 
indicate that over the period 1862 - 1980 the recession of 
the lowest coastal cliff at Blackgang has averaged 74 m (0.63 
m/year). The contrast between the rates of recession in 1862 
- 1908 and 1908 - 1980 is marked, these being respectively 
0.23 n/year and 0.80 m/year. These rates axe slightly higher 
than those determined for the coastal cliff of the 
neighbouring Walpen Undercliff (Hutchinson et al. 1981b)s 
average retreat of 51 m from 1861 - 1980, and 0.21 m/yeax 
(1861 - 1907) and 0.57 ir̂ /year (1907 - 1980). Possible 
reasons for this difference are discussed below.

The other main Lower Greensand cliff in the Undercliff is 
in the DL sector, where, because of lithological differences
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in the Sandrock strata and the presence of a greater 
thickness of overlying Car stone, a stepped cliff profile, 
like that at Blackgang, is not fully developed. This form is 
better represented north of Luccombe Chine, in Knock Cliff 
(Matthews 1977). The ruinous area of The Landslip, formed by 
the 1810 and 1818 landslides in the overlying Gault, is 
considerably overgrown. The morphology here is poorly 
represented on the O.S. map editions and the position of the 
cliff top, where indicated, cannot be related positively to 
any particular stratum. The reconstruction of coastal cliff 
sectional profiles by this means is therefore difficult, and 
no rate of coastal cliff top recession has been estimated; 
instead, the record of high water marks has been used. 
Hutchinson et al. (1981a) estimated an average approximate 
recession rate of 0.18 m/year (1862 - 1980) for the 26m high 
cliff at Dunnose, although this could be an underestimate, 
for the reasons noted earlier.

It has not been possible to verify geotechnically the 
exact process or processes by which the Lower Greensand 
cliffs retreat, owing to their (in places almost complete) 
burial by talus and to the considerable danger of working 
directly below very unstable cliffs. This is testified to by 
signs of continual activity in the form of small rockfalls, 
sand runs, mudslides and mudflows from the upper undercliffs 
and cliff faces. The relative contribution of each of these 
kinds of mass movement cannot at present be assessed 
quantitatively; however, the presence of some very large 
blocks of the more resistant strata on the beaches at 
Blackgang and at Dunnose indicates that rockfalls are one of 
the more important processes operating. At both places it 
appears that undermining contributes significantly to the 
instability of these more resistant strata. The Carstone at 
Dunnose is partially cemented by its ferruginous components 
into a kind of ironstone which is underlain by the uncemented 
sand, sandrock and silty clay strata of the Sandrock 
formation. At Blackgang the lithological contrast between 
the strata in the coastal cliff is more marked, with the
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sandrock bed 2a being undermined significantly as the 
underlying silty clay of bed lc is softened, weathered and 
eroded away.

It must be remarked, too, that the sandrock lithological 
units, of which the bed 2a at Blackgang is perhaps the most 
prominent in the Undercliff (figure 5-6), have recently been 
shown to consist of a "locked" sand texture, as defined by 
Dusseault and MOrgenstern (1979). The fabric is illustrated 
in figure 8-13. This sample, from bed 2a below South View 
House, is a uniformly graded fine sand (effective size D10 = 
0.14 mm), and has a porosity of 34%. The data may be 
compared to the properties obtained by Matthews (1977) for 
the Sandrock formation strata 2c and 2e at Luccombe: Dxo 
values ranged between 0.04 and 0.16 mm (fine sand) and 
porosities between 25% and 36%. It is clear in figure 8-13 
that there is almost no cementing material and that the 
competence of the rock mass, unless abraded or submerged, 
owes to the closely interlocking grain texture. The shear 
strength of undisturbed specimens tested in the shear box by 
Matthews (1977) was found to be c' = 7 kN/m2, 4>’ = 48° dry, 
and c ’ = 10 kN/m2, <t>’ = 42° saturated. The combination of 
geotechnical properties and shear strength would account for 
the field behaviour of the cliffs which maintain 
free-standing, near vertical or overhanging faces. In 
contrast to the Upper Greensand, the jointing is not strongly 
developed and is widely spaced. The mode of rockfall seems 
not to consist of any significant toppling and the large 
joint-bounded blocks often break up completely into a sandy 
scree.

The form of these lower coastal cliffs as a sequence of 
free faces and undercliffs bears analogy to the remarkable 
Walpen Undercliff developed in Chale Cliffs, north-west of 
Blackgang. The development of the undercliff form here was 
attributed by Hutchinson et al. (1981b) to seepage erosion in 
an interlaminated stratum, the Foliated Clay and Sand, of the 
Ferruginous Sands formation. Hutchinson (1982a) has provided
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a theoretical account of the process using further examples 
from elsewhere. The Lower Greensand cliffs in the BR sector 
may, by reason of their similar lithology, be inferred to 
suffer from seepage erosion which causes the collapse of the 
superincumbent strata. It is certain that suitable 
groundwater regimes exist in the strata, because of the 
presence in places of springs such as the historically 
important Chalybeate Spring. Unlike the Chale Cliffs, active 
seepage erosion has not been observed taking place at 
Blackgang.

Evidence of the movement of debris across the lower 
undercliffs may be seen during the winters when a constant 
cascade of mud and debris spills over the lowest coastal 
cliff. During the summer, when it is possible to explore with 
caution the materials in a drier cndition, fissure and scarp 
patterns suggesting considerable debris movement by shearing 
are observed. The lowest undercliff exhibits a distinct 
slickensided surface about 2 m above the base of stratum 2b. 
In places the dried debris has been thrust outward (figure 
8-14) to overhang the cliff and, on its underside, the 
striated surface may be examined.

8.3.3 Formation of aprons

Significant areas of the lower Undercliff are occupied by 
the so-called apron features in the CP, BS, VN and BC 
sectors. Their role in providing a measure of protection to 
the Undercliff from marine erosion has been explained in
5.3.1. An indication of their composition was given in
3.2.1. A considerable problem surrounds the understanding of 
the means by which these aprons wore <*mplaced and the 
relationship they have both spatially and temporally to the 
main rotational landslides of the Undercliff.

The present knowledge of their composition suggests that 
the aprons were derived largely by mass movements which
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resulted in the building of broad, very gently sloping, 
occasionally stratified accumulations of Lower Chalk, Upper 
Greensand and Gault debris. It is unknown whether they 
originally had the form of lobes or fans, as the distal parts 
have been eroded by the sea. The aprons mostly lie seaward 
of the main landslip masses of the Undercliff which are 
developed in the Gault. The coastal cliff outcrops comprise 
only a small proportion of landslipped Gault. The presence 
of palaeosols, midden deposits, tufa accumulations and 
organic layers suggests periods of quiescence between 
episodes of mass movements. The only unequivocal radiocarbon 
dates obtained so far in the Undercliff were made on 
specimens from the apron coastal cliffs, and show a large 
part of the deposition post-dates about 4500 B.P., i.e. Early 
Bronze Age (see 3.2.2).

These findings are significant yet insubstantial, as they 
embody the results of no adequate sub-surface investigations. 
Two preliminary conclusions seem inescapable, however. 
Firstly, the more seaward situation of the aprons suggests, 
under a regime of retrogressive slope development, that their 
formation took place before or during the episodes of major 
Undercliff multiple rotational landsliding. Secondly, 
following from this, their relatively young age may be taken 
to imply that the Undercliff was forming actively in 
comparatively recent Holocene times (3.3.1). It is roost 
unlikely, because of the above date, that periglacial 
solifluction type sliding can be invoked as a factor in their 
formation.

The relative predominance of Upper Greensand and Lower 
Chalk materials, while not proven conclusively, suggests two 
possible kinds of failure. The first would involve the 
formation of aprons during periods of multiple rotational 
sliding. By means of a progressive sliding mechanism, the 
rotating block of the newly forming slide would need to 
thrust and displace seawards the back-tilted blocks of 
earlier sliding episodes. The seawardmost of these blocks
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would in fact need to be thrust and displaced so vigorously 
that it broke up and the debris then flowed or slid for some 
distance. Such a proposal is, however, inconsistent with the 
reported slow movements of multiple rotational landsliding, 
in which the seaward blocks tend to back-tilt further and to 
be displaced moderately intact rather than to disintegrate 
violently. In other words, there is insufficient energy 
available to support such a progressive thrusting mechanism.

It is necessary, then, to consider the alternative, rapid 
mass movements like flowslides or huge rockfalls, involving 
the comminution of the blocks and entrappment of air and/or 
water, to account for the run-out of the debris. Such 
phenomena are known to occur on chalk cliffs (Hutchinson 
1979). if such processes operated, then it is clear that 
they pre-dated the multiple rotational landsliding, at St 
Catherine's Point at least, as the back-tilted blocks of the 
latter process appear not to be mantled or obscured by 
apron-like debris.

A partial analogy may be made with the 1928 Gore Cliff 
rockfall (7.1.1 and 8.2.2). The debris from the toppling 
failure was carried initially at least 270 m seaward in a dry 
state; a few months later this had been carried a total 
distance of over 700 m seaward on a very gentle slope by 
sliding, stimulated presumably by considerable inflow of 
water to the loose debris from the springs in the vicinity. 
In moving this remarkable distance the debris over-rode and 
probably planed down the lower coastal cliffs developed in 
the Carstone and Sandrock formations, and added eventually to 
the bulk of Rocken End. Geomorphological similarities with 
parts of the neighbouring lower Undercliff slopes in the CP 
sector are notable; the debris tongue, like an apron, lies 
seaward of the Gault outcrop (where no multiple rotational 
slides have occurred though) and this effectively protects 
the vulnerable Sandrock cliffs from marine erosion. If the 
analogy is to be taken further, it is conceivable that a 
great rockfall scarp, like that of the present Gore Cliff,
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once existed above and close to the debris apron of St 
Catherine's Point. The line of this cliff could then have 
retrogressed landward by being involved in at least two 
stages of multiple rotational landsliding.

It is clear that such a mechanism of apron formation is a 
complex dual process of rockfalls and debris slides. The 
alternative, single phase flowslide phenomenon, while not 
precluded as a possible process, has no historical precedent 
to support it. Either possible process would require a high 
unstable cliff as a preliminary condition to failure by 
rockfall. The prior formation of such a cliff could, for 
example, be attributed to possible marine erosion of old 
periglacial deposits and land forms, that might once have 
existed before the return of sea level to near present levels 
in the Flandrian (3.1.1).

The operation of the proposed rockfall-debris slide 
process can be imagined having affected at least one place in 
the Undercliff other than the CP sector where the best 
evidence is preserved. In the BS sector, where the apron 
surrounds on the landward side at least two back-tilted 
landslip blocks, Woody Point and Sugar Loaf, it may be 
envisaged either that the apron debris overwhelmed 
pre-existing blocks or that the emplacement of the apron 
debris occurred at the same time as the rotational 
landsliding. Neither possibility is precluded by the 
available evidence for the age of the aprons. However, it is 
considered that the latter alternative is less likely, for 
the separation of these great blocks from their parent rear 
scarp, even one having suffered retrogression by subsequent 
rockfalls and rotational slides, seems too great to have 
occurred entirely during the period of most recent activity.

In the VN and BC sectors where aprons are higher but less 
recognizable, there is a possibility that the flowslide 
process, rather than the rockfall-debris slide process, was 
more important. Here in St Boniface Down is preserved a
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large faceted Chalk slope. There is no doubt that this was 
formed by a major mass movement, although little evidence of 
what must have been a considerable failure is left in the 
Undercliff below. Because of the predominant involvement of 
Chalk, it could be appropriate to invoke Hutchinson's (1979) 
chalk flow process. The resulting debris apron would have 
consisted largely of loose chalky material which could have 
been eroded back by the sea more rapidly than the aprons 
elsewhere which are composed predominantly of Upper Greensand 
rocks.

The rather tenuous evidence presented above supports a 
plausible conclusion that the suggested processes of apron 
formation may have been significant in much of the 
Undercliff. Taken further, apron formation could assume the 
role of a characteristic element of slope development under 
suitable geomorphological and/or climatic conditions. These 
clearly no longer exist. To speculate further on this issue 
is beyond the scope or resources of this study. Such 
evidence as may exist will only be revealed by detailed 
sub-surface investigations of the best preserved landforms 
and deposits, and it is considered that such a study of the 
slopes at St Catherine's Point will be most rewarding.
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8.4 STABILITY AND MECHANICS OF THE
MULTIPLE ROTATIONAL LANDSLIDES

8.4.1 Simplifying assumptions

The assessment of stability of the main Undercliff 
landslides was established firmly as a research objective by 
Hutchinson (1965b) who stated, in his conclusion, that "a 
quantitative evaluation of the factor of safety against a 
renewal of sliding in the various parts of the Undercliff, 
although a major undertaking, is now technically feasible". 
In contrast to the more descriptive treatment accorded above 
to the processes of rear scarp failure and coastal cliff 
recession, the analytical approach here is made practicable 
by the more complete geotechnical knowledge of the materials 
involved in the landslides, especially the Gault.

The difficulties of representation and selection are 
circumvented by making certain simplifying assumptions. 
These assumptions are based on the extensive geomorphological 
observations of the landslides (chapter 6) and on the 
available geotechnical measurements (8.1), including 
experience of one recent landslide (7.4.3)

Surface profiles

The consideration of a landslip complex as large as the 
Undercliff (11 km in length) has resulted in its primary 
subdivision into characterizable geomorphological sectors 
which often also reflect differences in historical activity. 
The representation of the geomorphology in each of these 
sectors is given generally by two cross sections. These lie 
approximately on the same line of section as those shown 
among figures 6-6 to 6-28, forming the sides of the 
representative isometric block diagrams for each sector. The 
geomorphological constraints adopted for the purpose of 
stability analysis cure defined by an upslope margin at the 
present rear scarp and a downs lope margin at the seaward face 
developed in the Gault, including shallow rotational coastal
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cliff slides, but not including apron deposits. With the 
exception of the Upper Ventnor area, where slope movements 
are taking place inland of the main Upper Greensand cliff 
outcrops (7.2.3), no analytical treatment is given to 
hypothetical cases of rotational sliding involving new slices 
of the rear scarp. A discussion of the posible mechanism and 
conditions by which this could occur is given below (0.4.6).

Slip surfaces

Representation of the sub-surface structures and deposits 
in the Undercliff landslip masses is largely conjectural. A 
general pattern in the position and configuration of the 
basal sliding surface is assumed on the basis of very limited 
observation and analogy. In particular, it has been assumed 
that the structural trends of the in situ strata, as revealed 
by the investigations outlined in chapter 2, may be projected 
from the Southern Downs towards the Undercliff, thereby 
establishing the seaward component of dip and the levels of 
the comprising strata in each of the cross sections. Taking 
next the evidence of a lithological change in the lower Gault 
as being likely to control the level of the sliding surface, 
it is assumed that this basal surface of the multiple 
rotational landslides nowhere lies below the lowermost 15 m 
of the Gault stratum. Prom mechanical considerations it is 
likely that a seaward portion of the basal sliding surface is 
sub-horizontal, whereas inland it is assumed to curve, 
concave upward, towards the ground surface, meeting it at 
about the position of the base of the rear scarp. This is a 
convenient approximation, although it is acknowledged that 
some minor retreat of the rear scarp may have occurred as a 
result of rockfalls. The amount of curvature is unknown, and 
has been modelled on that exhibited in the more fully 
investigated multiple rotational landslides in the Gault at 
Folkestone Warren, Kent (Hutchinson 1969, Hutchinson 
et at. 1980).

The geometry of the slides may therefore be recognized as 
strongly non-circular. That they are both rotational and
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involve multiple slices in places has long been recognized 
(e.g. Toms 1955); and this accords with the more recent 
detailed geomorphological mapping. Without sub-surface 
investigation, however, it is almost impossible to determine 
the outline, thickness and orientation of the intermediate 
sliding blocks in any particular cross section. This is not 
necessarily important if, as in the present case, the 
stability of the overall landslide complex is to be examined. 
There is a clear precedent, both in the Undercliff and at 
Folkestone Warren, that reactivated slide movements can 
affect the whole of the accumulated landslip deposits below 
the rear scarp. In the analysis of present stability or in 
the back analysis of a previous failure no account has been 
taken of the energy lost by internal shearing and deformation 
on the intermediate sliding surfaces arising from the 
kinematic restraint offered by the non-circular slides. For 
purposes of relative, semi-quantitative evaluation of 
stability, neglect of these effects is acceptable, 
particularly when the overall geometry of the sliding surface 
is not known with certainty.

Soil shear strengths

The selected values for the soil properties derive from 
the tests carried out on samples recovered from the lower 
part of the Gault stratum at Blackgang and at Dunnose (see
8.1.2). If, as is probable, the slip surfaces that are 
assumed to underlie the Undercliff landslip masses are 
pre-existing, then it is not unreasonable to define shear 
strength initially by values close to the residual 
parameters. These have been determined by ring shear tests 
on remoulded specimens sampled in exposed slip surfaces. 
However, it is acknowledged generally that ring shear 
determinations provide a lower bound estimate of the 
mobilized shear strength at failure. This is particularly 
likely in the present case, where a significant area of the 
slip surface passes through different lithological zones and 
strata overlying the sub-horizontal basal surface near the 
toe from where the samples were obtained.
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It is not easy to determine which set of shear strength 
parameters best models the values or patterns existing in the 
Undercliff. There is likely to be considerable variation 
laterally, between the different sections (cf. Folkestone 
Warren, Huthcinson et al. 1980); however, without the benefit 
of sub-surface investigations, it is perhaps simpler to 
impose a single set of data for all sections initially as a 
means of controlling one of the variables in the analysis. 
On balance, it is thought more likely that differences in 
groundwater conditions rather than shear strength will 
control present stability, and the choice of a single set of 
shear strength data, close in values to those mobilized at 
failure in the Blackgang landslide, is appropriate. The best 
estimates derive from the back analysis results of that 
landslide (table 7-6), where various shear strength 
combinations were evaluated. The following data are 
therefore used: c'm = 0, 4>'m = 20.0°.

An average value for soil unit weight (y = 20.0 kN/m3) 
has been estimated, taking account of differences in degree 
of saturation and differences in the density of the Gault, 
Upper Greensand and Lower Chalk rock debris which comprise 
the bulk of the old landslides.

Groundwater

Groundwater conditions in the Undercliff slip masses are 
largely unexplored, and without firm data for each of the 
sections it is again difficult to comment authoritatively on 
the present stability. In choosing average piezometric line 
configurations, the limited survey and synthesis of existing 
data (4.2.1, figure 4-6) represents a credible model for the 
typical situation.

Four groundwater level cases are considered on each 
section. The first case has a maximum, but unlikely, 
condition of water table being coincident with ground level. 
Artesian conditions are not considered. The second is a more 
realistic maximum condition whereby continuity of the water
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table in the landslips is maintained with a level in the 
upper Passage Beds where springs cure commonly observed to be 
cast out. The third, slightly more conservative assumption 
has continuity of the landslip water table with the level of 
the Gault/Passage Beds junction. The fourth case assumes a 
groundwater level at or below the basal slip surface.

By means of these assumptions, an element of the inherent 
variability in the Undercliff is reduced, to provide a 
preliminary, semi-quantitative assessment of relative, rather 
than actual, stability between the representative sections. 
An examination of potential instability thresholds in 
relation to assumed levels of the water table is made below
(8.4.3).

Hutchinson et al. (1980) comment on the uncertain 
knowledge of pre-failure groundwater conditions in the 
Folkestone Warren landslides, but note that the effect of 
this on back-calculated values of <J>'r is moderated by the 
considerable depths of some of the slip masses. By analogy, 
a similar argument may be taken in partial justification for 
introducing arbitrary piezometric lines to the Undercliff 
landslides.

8.4.2 Evaluation of relative stability

The use of limit equilibrium methods of analysis is 
appropriate to a consideration of stability when no internal 
deformation is assumed. Of the rigorous 2-dimensional 
methods available, that of Morgenstern and Price (1965) is 
convenient for the non-circular landslides of the Undercliff. 
The procedure adopted in this method involves the subdivision 
of the sliding mass into a finite number of vertical slices, 
on which the forces, moments and strengths are evaluated to 
satisfy equilibrium conditions. This is achieved in practice 
by specifying arbitrarily a value for an interslice force 
scaling function, then making successive approximations to



407

the solution until satisfactory convergence is achieved. The 
iterative method is well suited to computer solution, and a 
program developed by Dr E N Bromhead has been used. This 
also outputs for comparison the results of determinations by 
the less exacting Conventional and Janbu Routine methods, 
which tend on average to underestimate the factor of safety. 
Input data for the Morgenstem and Price method include 
geometric data defining the ground surface, slip surface and 
distribution of soil types within the slope; soil strength 
and unit weight properties; and piezometric pressures along 
the slip surface.

As stated earlier, the main purpose of making an 
annossment of stability for the hypothesized non-circular 
slide masses in the representative cross sections is to have 
a numerical basis for comparing the different sectors making 
up the Undercliff. The actual values of factor of safety are 
unlikely to have direct relevance to the individual sites 
selected because of the probability that the assumptions 
noted above neither match exactly the conditions at any site 
nor necessarily represent extreme conditions that might 
indicate the stability against a real failure. Instead, by 
taking omnibus values for soil properties and by generalizing 
the slip surface geometry, considerable inherent variability 
has been screened out, and the numerical values for factor of 
safety may be regarded only as indices of relative stability. 
The remaining variability arises from differences in the 
groundwater assumptions and in the surface profiles, i.e. 
differences in the average normal and shear stresses acting.

The 15 cross sections on which analyses have been made 
are illustrated in figures 8-15 to 8-21, and the resulting 
stability data are presented in table 8-6. Comparisons may 
be made with the analyses of the Blackgang landslide (7.4.3, 
figure 7-27, table 7-7). Three main trends are indicated by 
the results.
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The first trend distinguishes differences between the 7 
sectors, and thereby partially validates the geomorphological 
basis for their discrimination. This is not to say that the 
semi-empirical criteria should take precedence over the more 
subjective geomorphological observations, for there is less 
certainty that the geotechnical assumptions on which the 
analyses cure based are secure in every case. The numerical 
data do, however, provide a useful basis for comparison and 
ranking.

A second trend shown by the data is the sensitivity of F 
to the groundwater level assumption. Disregarding the 
extreme cases (GWL cases 1 and 4), the application of cases 2 
and 3 on all cross sections has produced results which vary 
considerably. Expressed in terms of the pore pressure ratio 
ru, a range of values is noted in GWL case 2, for example, 
between 0.23 and 0.42. The respective values of F vary 
inversely.

Interesting differences are also shown between the 
results from pairs of geomorphologically similar cross 
sections in the BR and DL sectors. Both have suffered 
intermittently and locally from historical instability, and 
this is borne out by the values of F obtaining for sections 
BR2 and DL1. These results may be compared with those on the 
neighbouring sections, for the same GWL case. Failure on 
section DL1 is suggested for all GWL cases except where 
ru - 0. It is possible that the slip surface and/or water 
table assumptions are in error for this section. These kinds 
of interpretative difficulties detract from the usefulness of 
the numerical data in providing reliable indices of relative 
stability. There is, however, little reason to subdivide the 
BR and DL sectors on this basis, for they axe certainly 
geomorphologically consistent.

This is more than can be said for the third trend 
indicated in table 8-6. This concerns the comparison of F 
values with geomorphology for the cross sections within
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certain other sectors where identical groundwater level 
conditions are assumed. Taking GWL cases 1 and 4, there 
would appear to be some basis for regarding the BC sector as 
consisting of a distinct western (BC1) and an eastern (BC2) 
portion. This arises from the considerable difference in 
surface morphology between parts of the profile that are 
assumed to have been affected principally by multiple 
rotational landsliding. The difference is unaffected by pore 
pressure assumptions. On the other hand, a difference that 
is partly disguised by a considerable difference in ru values 
is evident between eastern and western parts of the VN 
sector. As noted earlier, areas on section VN1 (the western 
of the two) are currently in a state of marginal stability 
(F = 1.0) which is belied by the inordinately low assumed ru 
values in GWL cases 2 and 3. A closer approximation is 
probably given by GWL case 1.

Section VNl (figure 8-19) is distinguished in the 
Undercliff by requiring a special analysis to take account of 
two slip surfaces, one (VNla) reaching back to the position 
of the "old” rear scarp and the other (VNlb) reaching back to 
a proposed "new" rear scarp position at the landward limit of 
observed recent surface movements. Unlike most other 
sections, and owing to the situation of this section at about 
the axis of the Ventnor Syncline, there is considerable 
uncertainty as to the true subsurface configuration of the 
slip surface near the toe. The pattern of movements in 
Ventnor (7.2.1) is rather complex and unlikely to be modelled 
adequately on a single cross section. For the moment, it is 
assumed that basal slip surfaces underlie the large 
block-like feature at the toe of the slope.

For the reasons given above, it is likely that the 
selection of a greater average value of ru on the section 
VNlb would result in a relative value of F that is less than 
that of section BC2, which is not currently suffering from 
major active movements.
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Section BC1 is, perhaps not surprisingly, shown to have 
the greatest relative stability of any in the Undercliff. 
The long history of habitation there, recorded in Domesday 
Book (Warner 1789), testifies to an equivalent period of 
quiescence. It is proposed to regard this as the comparative 
standard of stability in the Undercliff against which the 
other sectors or sub-sectors may be contrasted.

A preliminary ranking, taking account of the above 
arguments for special cases, but based largely on the 
numerical data of table 8-6, is presented in table 8-7. An 
"average" groundwater level approximating to ru = 0.26 is 
assumed to provide some resemblance to present-day conditions 
in most cases.

8.4.3 Effect of groundwater variations

The manipulation of this factor has a profound effect on 
the relative stability. However, an empirical approach to 
the assessment of possible critical conditions, involving, 
say, repeated trial piezometric lines, is not necessarily the 
simplest approach, particularly if the assumptions for other 
parameters affect or are themselves affected by pore water 
pressure variations.

An alternative approach involves setting F - l . o  and 
examining on a plot of average shear stress against normal 
effective stress the values of pore pressure ratio ru which 
satisfy stability for an assumed average mobilized shear 
strength, in this case c’m « 0, <t>’m * 20.0°. The real 
differences in shear strength or pore water pressure which 
must exist over the length of the slip surface are 
generalized by taking average values for the whole slide. 
This method was used by Hutchinson et al. (1981b) to 
determine a threshold of stability, dependent on pore water 
pressure, for sliding in the Walpen Undercliff. Maximum and 
minimum groundwater level cases were considered in the
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analyses. The latter are given by zero pore water pressures 
acting, in which case ru = 0; the former by pore water 
pressures corresponding to groundwater table close to ground 
level, where the value of ru can approach 0.49. Neither 
extreme is currently likely to be a realistic groundwater 
condition in the Undercliff. The derived "average" values of 
ru, intermediate between the two extremes, cam be regarded as 
indices of relative stability against failure due exclusively 
to increased pore water pressure.

The shear and normal effective stress plot for the 16 
amalysed landslide cross sections is given in figure 8-22. 
Several significant general trends emerge from this.

The first is the close grouping of virtually all the 
cross-section data within a narrow range of shear stresses 
between 40 amd 90 kN/m2. The single exception to this 
pattern is the result of section VNlb which, am explained 
above, is both unusual and preliminary in attempting to model 
the mechamics of a potential first-time slide involving a 
considerable slice of rear scaup. This has shear stresses 
which are about double the value of those of the other cross 
sections.

A second observation is made on the distribution of the 
stress ratio T/a*n (= tan$’) as a function of pore-pressure 
ratio ru. With the exception principally of the data from 
sections DL1 (relatively unstable) amd BC1 (relatively very 
stable), the following maximum and minimum 4)* values have 
been derived, based on least-squares linear regression of 
T/CT'n, for the two extreme groundwater level cases. Holding 
other variables constant, as assumed above (8.4.1), it is 
apparent (figure 8-22) that stability is just satisfied in 
GWL case 1 (ru = 0.49) for a value of <$>’ = 19.6°; whereas in 
GWL case 4 (ru = 0) the value is <j>* * 9.9°. This result 
suggests that, for the assumed value of frictional resistance 
4>'m « 20.0°, the Undercliff is almost everywhere stable under 
the maximum imaginable groundwater level conditions. On the
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other hand, a more conservative estimate of <t>’m = 14.5° would 
be expected to satisfy stability only for values of ru ^ 0.3. 
This "average" value is derived by assuming linearity for 
interpolation of ru values, which is reasonable as long as 
the groundwater table is not exceedingly irregular.

There is a remarkable agreement between the results of 
the zero pore water pressure case (GWL case 4 > and the 
drained residual shear strength of Gault of high LL from slip 
surface exposures. The latter results, reported fully in
8.1.2, exhibit a range of 4>'r = 7.0° - 9.0° (c'r = 0) for 
high v'n values, equivalent to those shown in figure 8-22 for 
the hypothetical landslide slip surfaces. As explained in
7.4.3, however, the likely mobilized shear strengths are much 
greater than the measured residual shear strengths. It 
follows from the observed stability of much of the 
Undercliff, where average pore water pressure conditions of 
the order of ru - 0.3 can be assumed, that mobilized shear 
strengths in the range 4>’m = 14.5° - 20.0° are probably 
appropriate.

8.4.4 Effect of coast erosion

From the survey of coast erosion reported in 5.2, and 
from a consideration of shore protection (5.3), it is assumed 
that the likelihood of coast erosion leading to the 
destabilization of the Undercliff landslides is low in the 
CP, BS, VN and BC sectors. The more vulnerable coastlines in 
the BR, PH and DL sectors have unprotected coastal cliffs 
formed in the Lower Greensand strata. It is therefore 
proposed to limit the examination of the effects of coast 
erosion to these latter, more vulnerable sectors.

The effects of uncontrolled coast erosion may be modelled 
by considering successive slices, of the order of 5 - 10 m in 
width, to be removed from the toes of the landslides in the 
Gault (figure 8-23). Each slice would correspond
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approximately with the amount that might be expected to be 
removed in periods of the order of 10 - 50 years. It should 
be pointed out, however, that the rates of cliff recession on 
which these data are based were derived from measurements and 
interpretations of the lowest coastal cliffs, which do not in 
general involve direct retreat of the Gault at the toes of 
the rotational landslides. In the BR sector, for example, 
retreat of the Gault has been historically negligible. In 
the PM and DL sectors, where the coastal cliffs are lower, 
the lower Gault face is in places retreating at a very much 
slower rate than the coastal cliff which is undercutting the 
face and stimulating the mudslides and shallow rotational 
failures. There is little real evidence to suggest that the 
toes of the main Undercliff landslides are at present under 
serious attack. The proposal in the model is therefore 
hypothetical and may never assume importance as a viable 
process, for the complexities of the processes and mechanics 
taking place in the lower undercliffs and coastal cliffs 
(8,3.2) have been ignored.

The results of stability calculations for the effect of 
the toe erosion on the six re levant cross sections, again 
taking uniform shear strength and pore-pressure assumptions, 
are presented in figure 8-24. The reduction in stability is 
expressed as the ratio F/F0, where F is the factor of safety 
with toe erosion, and F0 is the present approximate factor of 
safety without toe erosion.

A pattern in the sensitivity to toe erosion, related to 
the width of the Undercliff, is suggested by the results. 
The landslides in the narrow BR sector appear to be the most 
sensitive, in contrast to the result on section PMl which is 
the widest of the analysed cross sections. The striking 
difference between sections PMl and PM2 is probably due to 
the Undercliff being narrower at the latter place, and also 
to the effect of the successive removal of a greater 
thickness of landslipped material in section PM2. The 
contrast between the western and eastern parts of the PM
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sector is well highlighted by the evidence of considerable 
differences in activity there (7.1.3), although this is not 
brought out by the factors of safety for present relative 
stability. The irregularities in the shapes of the curves 
arise from considerations of different volumes of material 
being •'eroded” as a result of irregular ground surface 
profiles. The associated effect of slight variations in the 
assumed groundwater tables is also relevant, these having 
been adjusted in the analyses to conform to an expected 
realistic configuration.

It is significant that the results appear to be largely 
independent of initial values of F0 els indicated by the two 
DL sector cases which have widely different present relative 
stability but similar expected degree of destabilization from 
toe erosion.

8.4.5 Effect of rearward loading

The accumulation of debris at the foot of the rear scarp, 
primarily as the result of rockfalls, provides extra loading 
to the rear parts of the Undercliff landslides. This can, 
depending on the magnitude and distribution of the loading 
and the drainage conditions obtaining, effect a reduction in 
stability. Hutchinson and Bhandari (1971) have proven the 
efficacy of undrained headward loading in the stimulation of 
mudslides. The same mechanism can be imagined to apply in 
the Undercliff, not only in relation to the mudslides (see
8.3,1), but also in the event of a large rockfall (8.2.3).

There is a precedent for considering the effect of a 
large rockfall on the stability of the landslides in the 
Gault, viz. the 1928 Gore Cliff rockfall, noted in 7.J.I. No 
comment is offered in the contemporary reports as to the 
likely conditions of drainage. However, it may be argued 
intuitively that a sudden loading of the order of 200,000 
tonnes will have resulted in an undrained rise of pore water
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pressure in the old landslide masses at the foot of Gore 
cliff. Further support for this contention is given by the 
alleged occurrence of "another great rockfall” (table 7-1) 
almost two months after the main failure (26th July 1928) and 
one day before the occurrence of a major landslide in the 
Gault and fallen debris (20th September 1928). The 
continuous outflow from the springs in the rear scarp, 
reported by Colenutt (1928), during the two months between 
these events may have added to the elevated pore water 
pressures on the slip surfaces (figure 7-4) which almost 
certainly were pre-existing. Rockfalls were reported 
(Englefield 1816) contemporaneously with the 1810 Landslip at 
Dunnose; however, there is inadequate evidence of the 
precedence of the rockfalls and the sliding, and the 
relevance of undrained rearward loading cannot be attested. 
As noted above (8.2.2) there is little likelihood that 
suitable conditions exist currently outside the BR sector for 
the occurrence of major rockfalls which would provide 
significant undrained loading to the Undercliff landslides.

More commonly, the rockfalls from the recur scarp are 
small, and the resultant loading at the head of the 
Undercliff landslides from individual events is relatively 
insignificant. In consideration of the very long periods of 
time (e.g. many centuries) which would be required for a 
great talus or scree slope to build up at any particular 
place, thereby providing significant rearward loading, it is 
likely that this would be effected under fully drained 
cnditions. Talus accumulations with drainage conditons 
intermediate between the above two extremes undoubtedly 
could, and possibly do, exist. The effect that this might 
have on overall slope stability may be examined by 
interpolation between hypothetical extreme undrained and 
drained loading cases, defined in terms of the pore-pressure 
coefficient B = 1.0 and 0 respectively, as expressed in the 
relation Au = BAOy.
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The distribution of rearward loadings may by examined 
conveniently by determining the position of the neutral point 
or the neutral line. As outlined in relation to landslides 
by Hutchinson (1977), these indicate in section or in plan 
the position of the boundary between that part of the 
landslide on which a loading (or cut) would reduce the 
stability and that part where the reverse would hold. It was 
shown that a general solution could be derived, independent 
of the magnitude of the influence load and of c', giving a 
position for the neutral point in terms of the inclination of 
the slip surface an as a function of B and <t>’. In the 
undrained case (B = 1.0), the solution was satisfied by 
an - 0, whereas for the fully drained case (B =» 0), an = $ ' m . 
Neutral points are shown in figure 8-25; although their 
positions are approximate, for the configuration of the slip 
surface has not been proven by sub-surface investigations.

An alternative method of estimating the distribution and 
effect of rearward loading on slope stability is available by 
the technique of incremental modelling, as used above for 
evaluating the effect of unloading at the toe (8.4.4). 
Beginning with the present slope configuration, whose present 
factor of safety F0 is determined for GWL case 2, the change 
in stability from successive loadings is evaluated and 
expressed by the ratio F/FQ . The talus is assumed to be 
composed of dry granular material (c* = 0, 4>' = 39°) forming 
a slope inclined at its threshold angle. Arbitrary increases 
of layer thickness for the talus thus produce predictable 
increases both in its height abutting the rear scarp (and 
also in the length of the slip surface) and in the seaward 
spread of the toe of the debris over the Undercliff masses. 
As shown in figure 8-25, two representative cross sections 
have been selected on which to evaluate this effect. The 
imposed load is a complex function of the total thickness of 
the talus layers, as measured normal to the 39° slope which 
it forms. Because of the concave slope profile at the foot 
of the rear scarp, the volume of talus material added to the 
scree is greater for each successive increment of equal
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thickness. The layer thickness increment is also different 
in the two cases considered. The resulting stress 
distribution on the underlying slip surface is non-uniform, 
thereby rendering direct comparison difficult. It is for 
this reason that the results are normalized by referring to 
the talus thickness, rather than to the stresses. The 
relative magnitude and distribution of the loads may be 
appreciated by reference to figure 8-25.

It is acknowledged that the maximum thicknesses of talus 
shown in figure 8-25 are geometrically improbable, as a 
certain amount of rear scarp recession would be expected to 
account for the deposition of such a volume of material by 
rockfalls. By ignoring this effect, one source of 
non-quantifiable variability is screened from the analyses.

The undrained condition has been accounted for by making 
appropriate modifications to the piezometric line beneath the 
area of the rearward loading. The change in piezometric head

is given by the expression

U Yu Yu Yu
which for Ytalus m 20 fcN/m3 simplifies to

A r t y  — 2B .  h ■(̂12'ius •

From the successively and monotonically decreasing 
stability indicated by the results of the analyses (figure
8-26), an estimate of the threshold load for stability, under 
drained and undrained conditions, may be derived. The 
predicted total thickness of talus corresponding to the 
critical factor of safety F = 1.0 (i.e. F/F0 » 1/F0 ) is shown 
in the figure. On section BR4, this is equivalent to an 
undrained load of approximately 285,000 tonnes per metre run 
of cliff, or a drained load of about 710,000 tonnes per 
metre. No drained load is apparently sufficient to
precipitate a landslide on section PM2, but an undrained load 
of about 575,000 tonnes per metre possibly could. Talus 
volumes of this order are indicated in figure 8-25.
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It is concluded, on the basis of the exposed areas of 
rear scarp along the Undercliff, and from historical records 
of rockfall activity, that the hazard of large-scale 
reactivation of the Undercliff landslides from accumulated 
small rockfalls (drained loading) is negligible. These 
events do, of course, present an immediate risk to life and 
property. Large rockfalls, greater them about 200,000 tonnes 
in total, can produce undrained rearward loadings which in 
turn could bring about renewed sliding in the Undercliff; 
however, apart from in the BR sector, the likelihood of such 
great rockfalls is very low.

8.4.6 Mechanism of failure

With a paucity of historical examples of the process, the 
discussion of the behaviour and mechanics of multiple 
rotational landsliding is necessarily speculative. In 
particular, no case involving the incorporation of fresh 
slices of the rear scarp in rotational, retrogressive slides 
has been recorded, although the recent movements in parts of 
Ventnor (7.2) may well be related to such a mechanism. This 
question is evaluated below. There is no doubt that much of 
the Undercliff was formed in this manner and a longer time 
scale, of the order of many millennia, would probably be 
needed for the process to be revealed fully through several 
episodes of major landsliding.

Progressive failure

The landslides forming the Undercliff are characterized 
by the presence of the Gault and by the long-term 
retrogressive habit of the sliding process, two factors which 
are linked through the concepts of progressive failure. By 
analogy with observations and studies of these phenomena 
elsewhere, most notably at Folkestone Warren (Hutchinson 
1969), a general discussion of the geomechanics may be given 
in accordance with current ideas in soil mechanics. It was 
noted at the outset (1.2) that many of the former accounts of
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failure in the Undercliff were implausible, deficient or 
invalid. The writer has examined (Chandler 1979) many 
records of landslides in cliffs consisting of an 
overconsolidated clay layer capped by a more competent 
stratum. The following proposals for the Undercliff, based 
largely on the findings of that and Hutchinson's (1969) 
studies, are thought to provide a close probable 
approximation to the mechanism of failure.

The role of the Gault in failures involving the 
Undercliff rear scarp must be considered in relation to the 
formation of new actual or potential sliding surfaces. This 
is in contrast to the sliding inferred to have taken place on 
pre-existing slip surfaces in the historically recorded 
events.

The Gault is an overconsolidated soil, arising from the 
fact that it once was overlain by strata giving a 
considerably greater superincumbent load than is now the 
case. Under the effect of the preconsolidation load, it is 
considered that the clay can form new physico-chemical bonds, 
along with particle reorientation. Upon unloading by 
geological agencies, either vertically or horizontally, such 
a stratum commonly exhibits a rebound behaviour (Nichols 
1981). Peterson (1958) attributed one part of the process to 
a direct elastic response, the other part being a 
time-dependent response. Bjerrum (1967) describes this 
latter type of rebound in terms of the gradual destruction by 
weathering of the diagenetic bonds which are said to retain 
"locked-in", recoverable strain energy. As a result, then, 
of geological vertical unloading, the now overconsolidated 
stratum becomes characterized by an imbalance of stresses 
that is manifested by the ratio of horizontal effective to 
vertical effective stress, K, being greater than unity.

When, later in its geological history, lateral unloading 
is occasioned, as in valley downcutting (Matheson and Thomson 
1973) or by marine erosion and landslipping at the coast
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(Hutchinson 1969), it is likely in general that horizontal 
shear strain will occur as a result of the anisotropic 
rebound effect. This in turn may lead to the destruction of 
diagenetic bonds (Bjerruro 1967). Lateral expansion was 
reported by Burland et al. (1977) from an Oxford Clay 
excavation near Peterborough. Displacement measurements 
showed the wall of the cutting to have moved as a block, 
apparently by overthrusting relative to lower beds and by 
sliding within a so-called shear band near the toe (figure 
8-27). Model analyses of slope cuttings (Dunlop and Duncan 
1970, Lo and Lee 1973) under somewhat simplified conditions 
have predicted the development of local strain leading to 
shear failure in a compressive zone near and below the toe, 
together with a complementary tensile zone near the head. 
This simplified stress response may add to the inherent 
rebound and bond destruction behaviour of overconsolidated 
strata in promoting lateral shear straining.

James (1971) considers that lateral shear strain almost 
always tends to be very much localized in thin seams, 
stratigraphic inhomogeneities or shear zones in the vicinity 
of the toe of the slope. The lithological differences 
occurring near the base of the Oxford Clay at Peterborough 
and at or near the base of the Gault at Folkestone Warren are 
considered to provide probable avenues for the development of 
shear bands. The more gradational lithological change 
upwards from the base of the Gault in the southern Isle of 
Wight may similarly constrain the development of an 
equivalent shear band to the zone of greater plasticity 
higher in the stratum. The assumed sub-horizontal sole of 
the Undercliff landslides is therefore considered to 
represent the lower part of the shear band that is probably 
formed within the whole thickness of the stratum behind the 
rear scarp; the seaward overlying material having, however, 
been displaced, disturbed or removed by sliding.

The stress/strain response of an overconsolidated clay, 
such as the Gault, is typically a strain-softening or brittle
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behaviour involving the reduction in strength from peak 
towards residual (Skempton 1964). Values of the brittleness 
index (Bishop 1967) were given in 8.1.2. Bjerrum (1967) 
evaluated elasto-plastic strain softening by the ratio Tf/rr . 
This concept should not, however, be confused with the 
time-dependent weakening of clay slopes which results in the 
attainment of a "fully softened" strength, and involves the 
decay of cohesive strength (c •) to near zero while the 
frictional resistance (<$>') remains near the peak value (James 
1971). Strain softening refers exclusively to the large and 
rapid decrease in shear strength with strain after the peak 
strength has been mobilized in a brittle clay. It is known 
that the value of shear strength depends on the bedding 
orientation. Shear straining parallel to the bedding 
laminations or diagenetically re-oriented particles can 
result in both smaller peak shear stresses and a smaller 
amount of strain required to produce this compared with 
"vertical" shearing.

The concept of failure may be defined as the exceeding of 
peak strength by mobilized shear stress, and a decrease 
towards residual strength is thereby entailed in 
overconsolidated soils as a result of large straining on 
rebound (Bjerrum 1967). Burland et al. (1977) consider that 
the conditions for failure are satisfied in the "end region" 
of the shear band (figure 8-27), where it is thought that a 
sharp increase in horizontal strain occurs. Behind the end 
region, further into the slope, the ground responds to 
removal of lateral restraint with gently increasing 
horizontal strain and a smooth shear stress gradient rising 
to peak strength. On the side of the end region closest to 
the slope face the shear band is fully developed with maximum 
uniform horizontal strain taking place by shearing on a 
discrete surface or surfaces at residual strength.

It is clear that the observed non-uniform strain 
precludes the simultaneous mobilization of peak strength 
along the proposed failure surface. This condition
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constitutes progressive failure (Bishop 1971) in the sense of 
an advancement or spreading in space of the changes taking 
place in the end region. For a landslide to be caused by 
progressive failure, it is necessary to envisage the 
propagation of the shear band to form a whole slip surface on 
which sliding may take place. In this regard the part played 
lay the strata, other than the Gault, in the slope may assume 
some significance.

The strong brittle Upper Greensand and Lower Chalk 
capping strata are likely to participate in the development 
of discrete sliding surfaces by the involvement of the 
pre-existing joints. Under the influence of the tensile 
stresses that are known to arise near the head of the slope, 
and in combination with the lateral expansion of the 
underlying Gault, suitable conditions probably exist to 
permit not only the opening of the joints but also the 
downward propagation of such discontinuities. In the 
changing stress field resulting from this, the shear band in 
the clay beneath may be encouraged to propagate towards the 
deepening crack until a unified potential failure surface is 
formed. This will, as observed, be non-circular, comprising 
planar segments of the base and at the head and an 
intermediate curved (concave upward) portion.

The whole failure surface will have mobilized shear 
stresses that lie between the peak and residual strengths of 
the materials concerned (Bishop 1971). If the load 
distribution is unbalanced, then the block thus separated 
from its parent slope may slide on the shear surfaces, 
thereby producing a first-time landslide (Skempton 1970).

Other possible mechanisms

The mechanism proposed above can be compared with an 
alternative one offered by Ko^ak and Avramova-Ta^eva (1981) 
to account for the mode and periodicity of the active coastal 
landsliding at Taukliman, Bulgaria. These writers consider 
the rheological properties of the soils involved and use a
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photoelastic scale model to explain a possible mechanism of 
sliding that owes its inception to creep in the clay stratum. 
Calculation of the ratio of expected "strain at fracture 
initiation" to horizontal strain rate leads them to estimate 
a time to failure, of the order of 2000 years, for discrete 
blocks to slide. The clay in which the process is assumed to 
take place (no sub-surface investigations are reported) is 
described as being in a "metastable state of creep". 
Although not explicitly stated, the authors' reference to 
"reserves of structural bonds" being exhausted in the process 
is similar in some respects to the above mentioned role of 
diagenetic bonds in promoting horizontal strain leading to 
progressive failure.

There is, however, a well established precedent for 
considering the loss of shear strength leading to failure as 
being a possible function not only of rheological creep 
softening effects, but also of pore water pressure 
equilibration (Vaughan and Walbancke 1973, Poskitt 1974). 
For comparison, the approach of Vaughan and Walbancke is 
applied to the Taukliman case, with approximate values of 
drainage path length H * 50 m and coefficient of swelling cs 
= 1.0 mz/y®ar« Under one-dimensional consolidation theory, a 
delayed time to failure of the order of 2500 years can be 
predicted upon the complete equilibration of negative excess 
pore pressures. These could conceivably have arisen from 
unloading occasioned during a preceding cycle of slope 
failures. This confirms Poskitt's (1974) conclusion that the 
mechanism of pore water pressure equilibration could be as 
significant as that of creep softening.

A second example of this kind of analysis was presented 
by Eigenbrod (1975), who conducted a numerical analysis on a 
model "Folkestone Warren" slope (180 m high, at 2:1 
inclination). The dissipation of excess pore water pressures 
due to unloading (not, however, by the 1915 renewal of 
movement) was considered for values of c3 = 1.9 and 3.7 
m2/year. Time to full equilibration was determined to be
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5000 and 2500 years respectively. However, the current 
negative excess pore water pressures lead Eigenbrod to the 
conclusion that (first-time) slope failure must have occurred 
between 750 and 370 years ago, for the same respective 
assumed cs values. Such dates axe inconsistent with 
Hutchinson's (1969) estimate, and with the surmised major 
activity of the Undercliff (3.3.1), Hutchinson et al. (1980) 
note the earliest recorded slide, presumably a renewal of 
movement rather than a major failure, to have taken place in 
1765.

The rather inadequate data for the Gault in the Isle of 
Wight preclude for the moment a full evaluation of the likely 
interaction and possible role of creep softening and pore 
water pressure dissipation as mechanisms of slope failure for 
the Undercliff landslides. The lateral stress relief/ 
progressive failure mechanism is therefore the one preferred 
to account for any first-time sliding in the Undercliff.

Evidence for progressive failure and first-time sliding

Slope failures, such as the 1928 rockfall at Gore Cliff, 
are commonly observed to exhibit slight premonitory 
movements, and the same might be expected in the event of a 
major first-time slide in the Undercliff. These small 
displacements may be explained in terms of a progressive 
failure mechanism. It was noted above how lateral rebound, 
when occasioned by the removal of lateral restraint, was 
generally followed by shear straining. At the approach of a 
propagating shear band to the tip of a tension crack, just 
prior to the formation of the potential slip surface, it is 
likely that the strain taking place in the upward curving 
portion of the surface will be reflected by a change from the 
initially purely lateral spreading (tension crack widening) 
towards a component of vertical displacement. As these 
movements will be confined to the shear band and tension 
crack, the block is likely to be affected by a slight 
rotational tilting. Two places in the Undercliff, both in 
Ventnor, have features in the vicinity of the rear scarp
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which could be related to the mechanism of small pre-slide 
movements.

The first, apparently relict, features sure shown in the 
old railway station site (see 8.2.1, table 8-5, figure 8-19). 
The pattern of opened joints or fissures exhibiting a trend 
of diminishing joint spacing and increasing successive offset 
(subsidence) southwards towards the Undercliff is consistent 
with small displacements of the type described above. As 
suggested by Hutchinson (1965a), these can be related to a 
progressive failure mechanism. It is notable that the 
inferred influence of progressive failure extends further 
behind the rear scarp than merely a single, joint-bounded 
retrogressive slice.

In relation to this, it is illuminating to consider the 
second site in Upper Ventnor, where movements are taking 
place currently. The proposal (7.2.3) that the Lowther 
graben here represents the possible headward limit to a 
potential major slide is made in the belief that the 
movements are occurring as a result of the small 
accommodating strains that necessarily accompany a headward 
propagation by progressive failure of a deep-seated potential 
slip surface. The trend of movement, part subsidence and 
part extension to the seaward, is consistent with this 
mechanism. A "slice" of the rear scarp, approximately 150 m 
in width, is implicated in a potential major failure. A 
width of this order is clearly far greater than that 
separating individual joint blocks, and the great block so 
defined is larger in dimensions than those which are inferred 
to have formed the back-tilted slipped masses at Woody Point 
(BS sector) and above St Catherine's Point (CP sector).

There is limited evidence to suggest, however, that 
slight displacements, similar to those noted above, have in 
the past been effected on the individual joint-bounded blocks 
which no doubt comprise the great potential block. An 
outcrop of the freestone bed (upper Malm Rock) at St Alban's
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Steps (SZ 55807753), which conventionally has been taken to 
mark the position of the rear scarp, was measured with a 
back-tilt of 8° and an anomalously low level of the freestone 
marker horizon (+77.9 m O .D .) in comparison to the level 
predicted on the geological elevation of the rear scarp 
(+86 m O.D. in figure 2-11). The factors controlling the 
position, far back into the slope, of a new potential slip 
surface are unknown, apart from the likelihood that existing 
discontinuities and vents will be exploited.

In relation to the involvement of the strata in the rear 
scarp, Hutchinson (1969) hypothesized how, with increasing 
subsidence, the curvature of the slip surface will produce a 
back-tilt in the failing block which may bring about a 
re-engagement on part of the upper sliding surface. The 
temporary halting of movement, effected by the frictional 
resistance of the irregular crack faces as they are brought 
into contact, are said to form features known as "sets". 
Possible examples of these have, in addition to the St 
Alban's Steps case, been recognized in the rear scarp in the 
BC and DL sectors. At all these places only very thin slices 
are involved, of the order of one joint spacing (generally 
less than 5 m in width), thus the significance of the 
mechanism in relation to major first-time slides cannot be 
attested.

Given that the geometry of the slip surface is not 
circular, it is clear that rotational sliding with large 
displacement can only be accommodated physically by internal 
distortion and shearing of the material in the failing block, 
and/or by relative sliding and rotation of the previously 
slipped blocks in the Undercliff. Evidence of great internal 
distortion was clear in the 1978 Blackgang landslide. 
Although this involved only the landslip masses below the 
rear scarp, a distinct and intensely fissured graben-like 
structure was formed near the head of the slide (figure 
7-24), demonstrating the effect of the non-circularity of the 
slip surface. The increasing degree of back-tilt of slipped
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blocks in a multiple rotational slide complex is generally 
taken as evidence that successive retrogressive slides 
produce further differential rotations of the dovmslope 
blocks. Of course it is likely that the intermediate sliding 
takes place on curved, pre-existing slip surfaces tangential 
to the common, deep-seated slip sole, and that shear 
strengths close to residual for the materials involved are 
mobilized. No especially good examples of this mechanism are 
exhibited in the Undercliff; Woody Point, the greatest and 
most distal of the slipped blocks, is back-tilted to about 
55° - 65°, but no adequate outcrops of the disturbed strata 
upslope have been found for comparison.

In either of the above two modes of sliding, it is 
possible to envisage a net component of translational 
movement relative to the planar basal slip surface. Thus an 
impulse effect may be inferred whereby, after retrogressive 
failure, the settling block thrusts and shunts the previously 
slipped or fallen debris before it in a seaward direction. 
This "progressive" destabilization will, however, eventually 
be defeated by the greater overall resistance provided by the 
new slope configuration approaching a position of rest and 
relatively greater stability. Further lateral extension in 
the Gault behind the rear scarp will therefore be restrained 
for a time and the immediate initiation of another first-time 
slide inhibited. In these terms, Englefield's (1816) 
proposed mechanism (1.2) was remarkably perceptive for its 
time.

A confirmatory illustration of this kind of process is 
offered by the results of a trial analysis of the section 
CPI. Intermediate sliding surfaces were drawn for the two 
seaward blocks in the Undercliff (figure 8-16) and individual 
assessments of relative stability made (table 8-8). For 
convenience the case with ru - 0 only was considered. The 
trend of increasing relative stability of the blocks nearer 
the toe suggests that these blocks on their own are less 
likely to be destabilized, and that the expected initiation
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of first-time sliding will probably not be brought about by a 
retrogressive destabilization from the toe, but rather by the 
progressive failure mechanism acting at and beneath the head 
of the slope. It is, unfortunately, a confusing nomenclature 
that has a progressive failure mechanism resulting in a 
retrogressive slope movmenet which progressively stimulates 
the existing multiple rotational slide blocks.

The initiation of a further first-time slide is unlikely 
until considerable erosion and consequent lowering of the old 
slide masses forming the Undercliff has been effected, 
leading to the eventual removal of lateral restraint at the 
rear scarp. As has been demonstrated above (0.4.3 - 0.4.5) 
the destabilization of the old landslip masses abutting the 
cliff will be encouraged by a combination of processes 
including elevated pore water pressures brought about by 
unusual climatic conditions, marine erosion of the toe, and 
undrained (or drained) loading by rockfalls at the head.

It should be noted that the technique of numerical 
modelling by finite element analysis is a good means of 
quantitatively testing the proposed progressive failure 
mechanism under certain simplified boundary conditions. 
Owing, however, to the incomplete knowledge of the material 
properties, and of the requisite stress-strain relationships 
for the case of multiple strata in particular, it is 
impracticable to attempt such an analysis here. It is 
suggested that this should also be an objective of further 
studies into the geomechanics of the Undercliff landsliding.



Table 0-1 Residual shear strength data for Gault at Blackgang (sampling sites shown in figure 7-26).

Height in LL c 'r 4>'r Range of Remarks
stratum (m) (%) (kN/m2) a ’n (kN/m2)

43.7 47 4.4 o6H 50-390
43.0 79 4.7 12.9° 50-390

31.6
31.0

69
79

2.6
2.7

9.0°
7.0°

50-390
50-390

Slip surface

18.1 61 2.7 8.8° 50-390 Slip surface
C.18.0 - 5.3 8.2° 110-450 Slip surface

15.7 64 4.0 14.3° 50-390
C.15.2 56 0 l 9 o - Denness (1969)*

12.5 48 1.7 25.1° 50-390
8.4 41 0 19.4° 220-450

c. 6.1 43 0 27° - Denness (1969)*

- 75 2.0 6.8° — Humphris (1979)
- 58 7.0 14.6° - Humphris (1979)
- 54 5.0 22.7° - Humphris (1979)
— 42 2.0 23.3° — Humphris (1979 )

* These shear strength data derived from multiple reversal shear box test.
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Table 8-2 Selected geotechnical properties for Gault at Dunnose

Approx, height in stratum LL (%) PL (%) PI (%) CF (%) Reference

Slip plane in landslide, above 15 m 48 21 27 53 Street (1981)
Top of sea cliff, approx. 15 m 55 23 32 28 Matthews (1977)
fl •« «• •• ft tt ft 50 21 29 23 it

Near the base 43.5 19 24.5 26 Hutchinson (Reconn.in prep)

Table 8-3 Residual shear strength data for Gault at Dunnose

Height in LL c'r 4>’r Range of Remarks
stratum (m) (%) (kN/m2) tr'n (kN/m2)

>15 48 1.2 14.5° 50-250 Street (1981)
15.2 57 5.8 8.9° 50-390 Slip surface

c. 15 55 0 18° 200-780 Matthews (1977)*
0 32 1.6 27.3° 50-390

* Total displacement of 75 mm in shear box; ultimate residual strength may not have been reached.
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Table 8-4 Geotechnical properties of Gault at Folkestone Warren (after Hutchinson 1969, Hutchinson et at. 1980)

Height in stratum LL (%) PL (%) PI (%) CF (%) Residual strength Range of crn' Consolidation
(m) c’r <D’r mv

(kN/m2) (kN/m2) (m2/kN) (m2/yr)

21.3 (Upper Gault) 57 26 31 58 5.5 10.8° (40-780) 1.9 X  10~4 1.9
1.7 (Lower Gault) 82 27 55 50 3.3 6.2° (25-980) 3.0 X 10-4 0.14
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Table 8-5 Fissure measurements from Ventnor quarry/railway station site (passing inland from l/ndercliff
rear scarp)

Average
dip/dip direction 

(degrees)

Width
<»)

Offset
displacement* (m)

Fissure 
spacing (m)

80/169 0.5 - 0.8 0.10
2.4

81/166 0.25- 0.35 0.32
3.8

84/187 0.01- 0.07
5.7

83/182 0.10- 0.15 0.11
2.2

82/182 0.10- 0.23 0.18
6.2

81/174 0.12- 0.16 0.19
2.7

80/178 0.1 - 0.3 0.16
5.6

80/188 0.2 0.25
7.0

86/178 0.1 - 0.16 0.22
6.0

84/172 0.1 - 0.3 0.14
4.6

87/189 0.2 - 0.5 0.13
5.7

82/166 0.13- 0.17 0.05
5.5

82/164 0.14- 0.19 0.11
8.1

83/181 0.20- 0.26 0.07
8.2

82/175 0.10- 0.20 0.12
9.3

87/184 0.19- 0.26 0.05
8.1

85/188 0.16- 0.20 0.10
10.7

83/194 0.08- 0.16 0.06

81/195 0.04- 0.05 -

* subsidence to seaward.



Table 8-6 Results of analyses of relative stability, for 4 assumed groundwater level cases and for e'=0, <$>'=20°, 
y=20 kN/m3

Section
GWL
F

case 1
ru

GWL
F

case 2 GWL
F

case 3 
ru

GWL
F

case 4
ru

BR2 0.86 0.49 0.98 0.42 1.12 0.32 1.76 0
BR4 1.03 0.49 1.32 0.37 1.44 0.28 2.08 0

CPI 1.06 0.49 1.51 0.27 1.63 0.23 2.19 0
CP2 1.08 0.49 1.43 0.31 1.64 0.23 2.21 0

PM1 0.97 0.49 1.36 0.27 1.47 0.24 2.01 0
PM2 1.00 0.49 1.30 0.30 1.44 0.24 2.05 0

BS1 1.11 0.49 1.41 0.35 1.61 0.29 2.26 0
BS2 1.08 0.49 1.51 0.29 1.69 0.22 2.19 0
BS3 1.19 0.49 1.65 0.31 1.84 0.26 2.41 0

VNla 1.13 0.49 1.64 0.26 1.79 0.21 2.29 0
VNlb 0.90 0.49 1.43 0.23 1.54 0.18 1.88 0
VN2 1.08 0.49 1.46 0.35 1.57 0.32 2.19 0

BC1 1.48 0.49 2.02 0.30 2.11 0.28 2.97 0
BC2 0.86 0.49 1.23 0.29 1.33 0.26 1.77 0

DL1 0.56 0.49 0.74 0.33 0.83 0.29 1.21 0
DL2 1.04 0.49 1.33 0.33 1.59 0.22 2.12 0
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Table 8-7 Ranked relative stability of multiple rotational, landslides between the sectors in the Undercliff

Rank Sector Approximate relative numerical ranking

1
(most stable)

bc (west) l.o

2 BS 0.8
3 CP 0.8
4 VN (east) 0.75
5 PH 0.7
6 BC (west) 0.65
7 VN (west) ? 0.6
8 BR ? 0.6
9 DL ? 0.6

(least stable)

i
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rotational landslides (section CPI, figure 8-16), with ru-0.

Table 0-8 Assessment of relative stability of internal components of the St Catherine's Point multiple

Whole Landslide F * 2.19

Intermediate and seaward blocks F « 3.39

Most seaward block alone F  * 3.71
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Figure 8-1 Geotechnical index properties of the Gault 
at Blackgang.



R I N G  S
S I T E  : -  B L A C K G A N G
Sample ReF - 22 
Preparat1 on:- REMIXED 
Liquid Limit ( ̂  ) 61 
Plastic Limit ( ) 33
Clay Fraction ( /:) 58

LOAD
STAKE

EFFECTIVE-
STRESS

SHEAR
STRESS

TAN

1 51 .85 13. G2 .282
2 100.81 19.78 .196
3 i98.33 33.90 .1714 29S.76 45.72 .154
5 394.64 SB. 87 .IBS
G 247.89 53.52 .216
7 149.87 29.05 .194

C -  2.7 
r

8.8
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KN/m 2

I

U N I T S  K N / m  2

Figure 8-2. Ring shear test record for Gault sample from slip surface of 1978 
Blackgang landslide.
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4 296.7G 52.76 .178
5 394 .G8 68.88 .175
G 2-17.99 40.58 . 164
7 149.87 28.1 3 .188
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Figure 8-3. Ring shear test record for Gault sample from upper part of stratum 
exposed below Gore Cliff, near Rocken End.
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Figure 8-4. Geotechnical index properties of the lower 
Gault at Dunnose.
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Figure 8-5. Ring shear test record for Gault sample from slip surface of small 
landslide at Dunnose.
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Figure 8-7. Joints in Chert Beds clearly visible in Gore 
Cliff. Spacings average 4 - 6 in. Second joint set, at about 
right angles to that exposed here, runs approximately 
parallel to cliff.

Figure 8-9. Example of opened fissure or "vent" in eastern 
face of former Ventnor railway station yard. This fissure 
dips at c. 82° to seaward (to right), and seaward block has 
subsided 0.18 m, as shown by offset of strata traced across 
fissure. Tape is 1.0 m long, and is held at top of freestone 
bed (figure 2-4), which lies just below Chert Beds.
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3 %  6 %  10%  15%  30%

Figure 8-8. Polar stereonet of c. 75 joint 
orientation measurements made of the Chert Beds 
(Upper Greensand) at Gore Cliff.
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Figure 8-10. Recess left by recent small rockfall from Gore 
Cliff. Chert Beds and upper Malm Rock affected; dimensions 
of block controlled by pre-existing joints. Estimated weight 
of this rockfall is of the order of 1000 tonnes.





Figure 8-11. Model of "secondary toppling failure" brought about by 
weathering and differential settlement in clayey sub-stratum (after Evans 1981, Dunbavan 1983).
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Figure 8-12. Examples of cross sections in the BR sector, showing considerable 
coastal cliff recession. The lower section shows the 1952 landslide in the Gault 
below Gore Cliff (after Bromhead et al. in prep.). Strata are numbered as in table 2-1.
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Figure 8-13. Thin-section showing close interlocking of 
grains (fine sand, D10 = 0.14 ram) in unceroented sandrock 
lithological unit. This specimen came from stratum 2a, 
lowermost bed of Sandrock formation, below Sandrock Spring, 
Blackgang (SZ 488762). Photo taken in cross-polarized light, 
at low magnification.

Figure 8-14. Dried, overthrusted slip surface, showing 
clearly the comminuted texture of overlying slipped material, 
and aligned structures developed in intensely sheared thin 
band -just above slip surface. By contrast, underlying 
material reveals close in situ jointing, truncated by slide. 
This example is of the Gault at Blackgang? identical slip 
surface structures have been observed in lower undercliffs 
here, developed in Sandrock strata.





Figure 8-15. Analysed cross sections in the BR sector, seefigure 6-6. Strata numbered as in table 2-1 
and figure 2-8.
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Figure 8-16. Analysed cross sections in the CP sector, see figure 6-9.
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Figure 8-17. Analysed cross sections in the PM sector, see figure 6-12.
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Figure 8-18 Analysed cross sections in the BS sector, see figure 6-15
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, 10 m intervals (natural scale)
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Figure 8-19. Analysed cross sections in the VN sector, see figure 6-19. 
Schematic model of vents and graben produced by assumed progressive failure 
is shown behind the former "rear scarp" on section VN1.
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Figure 8-20. Analysed cross sections in the BC sector, see figure 6-23.
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Figure 8-21. Analysed cross sections in the DL sector, see
figure 6-26.
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Figure 8-22. Range of shear and normal effective stresses derived from the provisional back 
analyses, determined for extreme (maximum and minimum) GWL cases.
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Figure 8-24. Apparent relative decrease in stability resulting from assumed toe
erosion.
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Figure 8-25. Model used for considering the effect of 
undrained and drained loading by rockfall debris ("talus") 
at the rear of landslides.
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Figure 8-26. Apparent relative decrease in stability resulting from assumed 
rearward loading.
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Figure 8-27. Model of progressive failure: 
distribution of shear stress and horizontal 
strain during propagation of shear band 
(after Burland et al. 1977).
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9. ASSESSMENT OF RELATIVE LANDSLIDE HAZARD

9.1 GENERAL PRINCIPLES AND PRACTICE

9.1.1 Hazard or risk?

Landslide hazard zonation is a relatively new practice 
and, as such, a brief introductory explanation of the 
specific application of the various terms is warranted.

Consideration is given in a landslide hazard zonation to 
virtually all varieties of mass movements on slopes, and the 
term "landslide" therefore embraces such processes as 
rockfalls, toppling failures, debris flows and avalanches 
that involve little or no true sliding. However, other kinds 
of geological hazards, such as earthquakes, inundation by 
floodwaters or waves, or volcanic activity, are, to the 
extent that they do not precipitate mass movements, generally 
excluded.

The concept of a zonation applies in a general sense to 
the division of the land surface into areas and the ranking 
of these according to degrees of actual or potential hazard 
from landslides or other mass movements on slopes.

A natural hazard is defined by Varnes et al. (in press) 
as "the probability of occurrence within a specifed period of 
time and within a given area of a potentially damaging 
phenomenon" which, in the present context, is taken to refer 
exclusively to landslide movements. However, other terms 
have been used synonymously, including vulnerability and 
risk. To clarify the matter, these terms have been given 
particular:, applied definitions as follows. vulnerability 
means the degree of loss to a given element or set of 
elements at risk (see below) resulting from the occurrence of 
a landslide of a given magnitude. It is expressed on a scale 
from 0 (no damage) to 1 (total loss). Specific risk means
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the expected degree of loss due to a particular landslide. 
It may be expressed by the product of natural hazard and 
vulnerability. The elements at risk are the population, 
properties, economic activities, including public services 
etc., at risk in a given area.

The total risk is defined as the expected number of lives 
lost, persons injured, damage to property, or disruption of 
economic activity due to a particular landslide, and is 
therefore the product of specific risk and elements at risk;
i.e. the product of natural hazard, vulnerability and 
elements at risk.

The arbitrary distinction of hazard from risk thus 
relates to the occurrence of an event rather than consequent 
damage or loss. To help maintain this distinction it is 
probably better to speak of a hazard from ... (e.g. a 
mudslide, a rockfall) and a risk to ... (e.g. a house in the 
path of a mudslide, a vehicle beneath a falling cliff); the 
prepositions should not be reversed.

9.1.2 Principles of landslide hazard zonation

Varnes et al. (in press) have produced a major new review 
of this subject and state the following three basic 
principles or fundamental assumptions which have guided 
previous workers in the field of zonation studies.

The first principle, that "the past and the present are 
the keys to the future”, is probably the most fundamental of 
the three, for it establishes the philosophical basis of 
prediction that is inherent in the definition of hazard as a 
statement of probability of the occurrence of a damaging 
event in the future. This principle is not equivalent to 
that of uni forma tarianism in geology. As first stated by 
James Hutton and promulgated by Lyell (1833) the latter 
concept has no reference to future trends or behaviour of
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geological processes. The above principle means, in effect, 
that the type, frequency of occurrence, extent and geological 
consequences of failures in the future may be estimated from 
past and present experience of failures in situations with 
similar geological, geomorphological and hydrological 
factors. It is recognized, however, that the absence of past 
or present failures does not preclude the occurrence of a 
future failure. The principle is, in this case, applicable 
only to the degree that the conditions of the past and 
present which led to failure can be identified, and that they 
either continue or that the effects of changed or new 
conditions can be evaluated.

A further, implicit qualification to the validity of a 
hazard prediction is, as embodied in the definition of 
"hazard", an appreciation of the period of future time to 
which the prediction is deemed to apply. As mass movement 
events may be viewed as a manifestation of natural, 
geological slope processes, the "damaging" aspect of their 
occurrence must apply to their interaction with the elements 
at risk. The assessment of value that is entailed in 
defining the specific or total risk is, in most cases, 
measured in time-scales of the order of human lifetimes.

The second principle affirms that "the main conditions 
that cause landsliding can be identified". This observation 
arises from the considerable experience that is embodied in 
numerous case records of specific failures. The basic causes 
of slope instability are therefore fairly well known, and 
include (i) the composition of and structures inherent in the 
rock or soil masses under consideration; (ii) the variability 
of geomorpho logical factors such as slope inclination, or of 
geotechnical properties such as groundwater levels; and (iii) 
the transitory or permanent occurrence of factors, such as 
seismic vibration, construction activity or soil weathering, 
that produce unfavourable changes either in stress conditions 
in the slope or in the strength of the slope materials. By 
means of the expertise developed in the disciplines of
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geology, georaorphology and soil and rock mechanics, the 
causes of slope instability in a given area can normally be 
recognized. The objective, in reviewing many case records of 
particular failures, is to develop an understanding of the 
geomechanics of failure, for this permits prediction of 
susceptibility by extension of point or site information to 
larger areas (Varnes et al. in press).

The third principle of zonation studies assumes that 
"degrees of hazard can be estimated". The application of 
this principle depends on the knowledge of the conditions and 
processes that promote instability. Prom this it is 
desirable to estimate their relative contribution and to 
thereby establish a ranking of degree of potential hazard. 
Factors to be considered include the likelihood of the 
presence of appropriate failure-inducing conditions, the 
likelihood of failure under the influence of combined or 
severe conditions, and the evidence provided by records of 
landsliding in terms of both time and place. These 
considerations cure difficult to evaluate quantitatively; thus 
the interpretation is often subjective and made according to 
the experience and judgement of the geologists, 
geomorphologists and geotechnical engineers who are most 
familiar with the complex interactions of the factors for the 
area in question. At the other end of the scale, it is 
occasionally possible to derive ranked degrees of hazard by 
the sophisticated processing of extensive data banks with the 
use of modem computers (Varnes et al. in press).

It is emphasized, in conclusion, that the application of 
the above three principles can produce an assessment of the 
degree of hazard in identifiable zones; but that this is not 
tantamount to the prediction of an actual landslide. Only 
rarely is it possible to predict the location and time of a 
possible failure at particular sites using detailed mapping 
and very close monitoring.
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9.1.3 Review of current practice

Guided again by the examples presented in the recent 
review of the subject by Varnes et al. (in press), the 
following brief survey of current practice in the purposes 
and presentation of landslide hazard zonation schemes is 
helpful for establishing a contemporary background with which 
the Undercliff scheme may be viewed in context.

Primary work has taken place since the early 1970s in the 
U.S.A., Prance, Switzerland, Italy, Norway, Japan and about a 
dozen other countries (Arnould and Frey 1978). The
production of many of the hazard zonation schemes was 
motivated by "special purpose" requirements, including, for 
example, agricultural development, urban housing, 
transportation routes or forestry management. The addressing 
of these kinds of specific problems meant that relevant or 
predominant consideration was given to slope stability 
wherever a potential hazard from mass movement was perceived 
as being a limitation to the special purpose development. 
The extension of landslide hazard mapping to district, 
regional or national coverage (U.S. Geological Survey 1981), 
as a constitutive element of overall resource assessment, has 
led to an increasing trend in some countries for the zonation 
to assume a regulatory or legislative role in land-use 
planning.

The various purposes for which landslide hazard zonations 
are needed demand widely different formats of presentation. 
The synthetic portrayal of an array of complex input data (on 
the geology, slopes, existing mass movements and their 
activity) is normally in the form of a map. This is 
essentially a ready visual summary of the data, involving the 
use of abbreviated letter codes, ranked numbers and graphic 
colour schemes. This results in a diversity of presentation 
styles.

i-
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There is also a considerable flexibility in the choice of 
mapping scale for the published sheets. National coverage 
may be at scales smaller than 1:1,000,000, whereas individual 
counties, provinces or small regions of interest are commonly 
within the range 1:100,000 to 1:10,000. At the latter, 
larger scales it is generally possible to depict individual 
geological or slope units, to discriminate between different 
types of mass movements and to indicate particular sites of 
potential slope instability.

It is most desirable, especially in cases of smaller 
scale map presentation, that the basis for the interpretation 
of relative landslide hazard is stated clearly to enable the 
non-specialist user of the hazard information to interpret 
the nature of the particular geological hazards within large, 
rather generalized zones. This emphasizes the importance of 
the descriptive key which should ideally accompany all hazard 
zonation maps. The usual methods of presenting the relevant 
criteria and factors are in tabular form or by means of 
carefully worded explicit statements. These make clear to 
the reader what the relatively ranked degrees of hazard mean, 
what type of hazards are to be expected, and how the 
zonation was arrived at. Numerical indices cam, 
alternatively, prove useful for assessing, in an apparently 
more objective manner, the assumed role of factors that 
contribute to slope stability,* the final zonation being based 
on an empirical scoring formula (e.g. Stevenson 1977). As 
with the presentation of hazard maps, no common code or 
format for the presentation of the explanatory information 
has, to the writer's knowledge, yet been proposed: owing to 
the different considerations of each zonation scheme, a 
single internationally recognized system is unlikely ever to 
be adopted widely.
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9.2 HAZARD ZONATION IN THE UNDERCLIFF

9*2.1 Purpose

There Is little precedent, in the U.K. or elsewhere, for 
the application of existing hazard zonation schemes to 
pre-existing landslide complexes of the scale and nature of 
the Undercliff. In common with current practice for 
large-scale, site specific surveys, a scheme suited to the 
particular problems of this site has been devised by the 
application of the guiding principles and methodology 
described above.

The primary objective is to produce a map of suitably 
large scale which will identify areas within the Undercliff 
that can be distinguished by reason of probable differences 
in the types and degree of activity of actual or potential 
mass movements. Together with the accompanying descriptive 
key, this is seen as a helpful means by which informed land 
use decisions can be arrived at by the relevant authorities. 
The already considerable urban and agricultural development 
of the Undercliff was perceived as reason enough for this 
largely unexplored area to be examined in detail without 
delay.

It is therefore in recognition of the likely practical, 
as well as academic, benefits that the following zonation has 
been conceived. This highlights the need for the results of 
engineering geological and geotechnical studies to be 
communicated in understandable form to non-specialists for 
whom the information can be of considerable importance.

9*2.2 Criteria of hazard evaluation

Implied future probability

There is little difficulty in applying the first 
criterion of hazard zonation studies to the Undercliff. The
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liXelihood of landslides taxing place in the future is 
considerably increased by the fact that the Undercliff is 
entirely the product of past and present mass movement 
processes. UnliXe abandoned cliffs (e.g Hadleigh, Essex; 
Lympne, Kent), where a generally reducing scale of intensity 
of landsliding can be envisaged with time until a virtually 
stable slope configuration is attained, the maintenance of 
the same probable conditions of failure in the coastal 
setting of the Undercliff is liXely to promote future 
instability in a similar manner to that which is inferred to 
have operated up until the present time.

An appropriate definition of future time, in which the 
validity of this principle can be assumed with reasonable 
confidence, depends either on the continuation of the Known 
conditions and factors contributing to past and present 
instability, or on a Knowledge of the liXely future effects 
of changed or new conditions. An assessment of the effects 
of assumed continuing conditions may be gained from the 
historical records of instability which date bacK no further 
than two centuries. With regard to changed conditions, the 
possible climatic stimuli that were proposed (3.3.1) to 
account for probable episodes of major sliding during the 
Holocene are, in the past two centuries of relative 
quiescence, unliXely to have been significant. A future 
climatic deterioration, leading to greater instability, could 
conceivably occur progressively over several or many decades, 
but there is no way of determining whether such a mechanism 
is presently occurring or liXely to occur. It is suggested 
that the probabilities of occurrence of potential landslides 
(i.e. the degrees of hazard) in the Undercliff be limited to 
a period of future time not more than one century hence.

Knowledge of conditions of landsliding

The second criterion of hazard evaluation, concerning the 
identification of the main conditions that cause landsliding, 
is satisfied by the results of the present study. Without 
stating exhaustively the findings, which are summarized below
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(10.1 and 10.2), a brief review of the principal factors and 
conditions is given here with references to the sections of 
the foregoing chapters where they are discussed.

Of the inherent or basic conditions, the geology (chapter 
2) is the most important. The overall pattern of landslide 
type (6.3.1) is controlled by the stratigraphic arrangement 
(2.3, 2.4.2)*, whereas landslide activity (7.1.8) can be 
related to the synclinal structure (2.2) and to the erosion 
susceptibility of the strata exposed in the coastal cliffs 
(5.2, 5.3, 8.3.2). The smaller scale structural and 
lithological variations axe important too; e.g. the joints in 
the rocks of the rear scarp (8.2.1) and the presence of 
pre-existing slip surfaces within the Gault stratum (7.4.3,
8.1.2, 8.4.1). Among the geological class of "superficial 
deposits" (3.2), the great landslip accumulations termed 
aprons (8.3.3) appear possibly to be independent of 
stratigraphic and structural control; while largely stable, 
certain associated local instability has been identified.

The factor which controls most sensitively the occurrence 
of failures (at susceptible locations) is the groundwater in 
the soil and discontinuities of the rocks. Variations in the 
level of the water table (4.2) axe directly and indirectly 
dependent on climatic factors; i.e. infiltrated rainfall in 
the Undercliff or the Southern Downs (4.1). Failures may be 
initiated from short-term fluctuations, as at Blackgang (7.4) 
or from longer, seasonal or atypical annual changes, as is 
suggested for Ventnor (7.2.1). The effect on relative 
stability of simulated changes has been assessed 
semi-empirically (8.4.3). Knowledge of actual response/lapse 
behaviour is limited by inadequate sub-surface 
instrumentation (4.2.3, 4.2.4). Very long term effects of 
possible climatic deterioration (3.3.1) cannot be assessed 
readily.

The effects of transitory or permanent changes in stress 
conditions cannot be measured directly. Seismic vibration
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{2.2.4, 7.1.9) seems, from historical records, to be a
relatively minor consideration. The probable effect on the 
relative stability of the old multiple rotational landslides 
by unloading at the toe (8.4.4) and by loading at the head
(8.4.5) has been modelled. However, the possible effects of 
complex, multiple interactions of such factors has not been 
evaluated, owing to the inherent uncertainty of an incomplete 
geotechnical knowledge of sub-surface conditions. A change 
in soil strength, brought about by weathering, was one 
possible mechanism proposed to account for rock falls 
(8 .2 .2 ).

Ranking of potential landslide hazards

The third principle of hazard zonation studies, that 
"degrees of hazard can be estimated", was in effect 
recognized by Hutchinson (1965b) in his distinguishing of 
areas of differing landslide activity within the Undercliff. 
This zonation discriminated three levels of past activity 
(termed "apparent landslide intensity"), high, medium and 
low. Their distribution was approximately symmetrical about 
the axis of the syncline, high at the ends of the Undercliff 
and low near the centre. The proposed new zonation, building 
on this early model, goes considerably further through the 
incorporation of the geological, geomorphological and 
geotechnical findings described above.

It is pertinent to mention a recent, provisional hazard 
zonation that was made of a small part of the Undercliff, at 
eastern Bonchurch (Hutchinson et al. 198la). This 
unpublished scheme is superseded by the new one described 
below; for not only is the Bonchurch zonation unrelated to 
adjacent areas and processes in the Undercliff, and is too 
detailed to be applied widely, but it was also derived 
without the benefit of subsequent geotechnical findings 
(chapter 8).

Most recent landslide hazard zonation schemes (Varnes 
et al. in press) distinguish from 5 to 9 ranked degrees of
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hazard. The greater numbers are associated with the larger 
scale surveys. This trend will not be followed in the 
Undercliff, which is mapped at very large scale, for there is 
insufficient certainty of establishing reliably the 
variability among the degrees of hazard; they do, after all, 
have to distinguish relative probabilities of landsliding 
entirely within a pre-existing landslide complex. It is 
proposed to define five primary degrees of hazard, designated 
I, II, III, IV, and V in increasing order of probable 
failure. To be consistent with schemes elsewhere, a sixth 
category, designated 0, is established to take account of 
small areas of land, directly adjoining the Undercliff, which 
have not apparently been affected by previous mass movements. 
The six ranked degrees of hazard are described in table 9-1.

It is also important that the expected type of landslide, 
which constitutes the primary hazard in any zone, is 
indicated. Six general types are described in table 9-2; 
each is designated by a lower case alphabetic abbreviation. 
These are attached to the capitalized roman numerals in the 
final hazard zonation. The class a, snow or slush avalanche, 
is unknown historically in the Undercliff, but can 
nevertheless be regarded as a potential hazard.

9.2.3 The landslide hazard zonation (figure 9-1)

A primary partition of the Undercliff is defined in terms 
of the three geomorphological zones, rear scarp, rearward 
slopes and seaward slopes, and of the seven coastwise 
geomorphological sectors. Additional consideration is given 
to adjoining inland areas, behind the rear scarp. A narrow 
zone, comprising the most seaward coastal cliff, in the 
general seaward zone is also distinguished. Two further 
distinctions are made, following from the analyses of 
relative stability on trial cross section (8.4.2). In both 
the VN and BC sectors, considerable differences between the 
western and eastern parts of the rearward Undercliff zone
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were indicated, although these could not have been 
distinguished on purely geoitvorphological grounds. It is 
appropriate therefore to subdivide both these sectors for the 
consideration of potential hazard.

Each of these specific areas is considered in turn; 
firstly, in relation to the predominant type(s) of mass 
movement and instability processes, and secondly, in relation 
to a probable degree of hazard from such types of landslide. 
Account has been taken of the above mentioned stability 
analyses, from which a preliminary ranking was determined 
(table 8-7) for the relative probability of renewals of 
movement in the old slides of the rearward Undercliff. The 
merging of adjacent areas with identical classifications 
produces the zonation pattern illustrated in figure 9-1.

This landslide hazard zonation map of the Undercliff 
should be read and interpreted in conjunction with the two 
descriptive keys (tables 9-1 and 9-2). If the reader is 
desirous of a fuller explanation of the criteria of hazard 
evaluation, reference to the foregoing section (9.2.2) is 
recommended. Three further clarifying points are made below, 
however.

Firstly, and more generally, it has not been possible at 
the scale of mapping in figure 9-1 to distinguish very small 
(less than 100 m) individual features displaying considerable 
historical or current instability, or those of diffuse and 
uncertain occurrence, within a broader zone of lesser general 
activity. A particular example may be made of the Upper 
Vent nor area (7.2), where the Lowther graben and other active 
linear fissures can be mapped at very large scale. It would 
here be appropriate to define each fissure with a "high" (V) 
hazard rank, in the expectation of certain damage or 
destruction of individual houses lying directly over them; 
however, the adjacent or intermediate areas of land would 
probably be accorded a "very low" (I) hazard rank. (The 
location of most known fissures is shown in figure 7-8). As
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the size of the individual features is too small to be shown 
in figure 9-1, the policy has been to attach a conservative 
(i.e. pessimistic) ranking to the overall zone in which they 
occur. Consideration is given as to the probable overall 
instability process(es) of which the small or diffuse 
features may be regarded as a manifestation. For the above 
example, a rank of Him has been assigned: "moderate degree 
of hazard from a multiple rotational landslide in the 
vicinity of the rear scarp of the Undercliff".

Secondly, the degree of hazard accorded to areas of 
coastal cliffs that are currently protected by seawalls, 
groynes or permeable revetments (mainly in the VN and BC 
sectors) is conservative and pessimistic. This arises from 
the observation that the design life of some structures is 
far less than the 100-year period in which the hazard 
zonation is conceived. Other structures are susceptible to 
possible damage or destruction by storms, beach scouring or 
undermining. In the event of a loss of protection by either 
agency, there is considerable likelihood of a renewed 
instability of the cliffs. The estimated degree of hazard is 
therefore derived by analogy with similar, unprotected 
coastal cliffs in adjacent sectors.

Thirdly, and also in relation to the zonation of the 
coastal cliffs, the area of the zone is defined to extend 
seaward to at least the position of the high water mark, 
thereby including the beach. Not only is this an area likely 
to be affected by any small rockfalls, but there is also a 
possibility that rotational landsliding, particularly in 
landslip deposits at the fringe of the aprons, could involve 
an element of base failure and resultant instability of the 
foreshore.
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9.2.4 Limitations and applications

It is considered that the landslide hazard zonation of 
the Undercliff is, in terms of the application of the 
principles of zonation studies, a novel cohtribution to U.K. 
experience, in particular, the estimation of relative hazard 
within a pre-existing landslide complex has not, to the 
writer’s knowledge, been attempted previously in such detail. 
Certain limitations must be borne in mind in connection with 
the practical use of this hazard zonation.

According to the definitions mentioned in 9.1.1, the 
estimation of relative landslide hazard is somewhat divorced 
from the estimation of consequent risk in the event of a 
landslide occurring. The description of natural hazards is 
seen as the proper objective of engineering geomorphological 
studies such as the present one. It is outside the scope of 
the project to determine and define the numbers of elements 
at risk (i.e. the population, properties, economic activities 
and public services), their vulnerability (expected degree of 
loss) and therefore the total risk (e.g. the expected number 
of lives lost, persons injured, damage to property and 
disruption to economic activity). Such considerations are 
normally the concern of local and regional authorities; in 
this case, the South Wight Borough Council, the Isle of Wight 
County Council, the Southern Water Authority, Southern Gas, 
Southern Electricity, British Telecom etc.

A recent discussion meeting was convened by the Royal 
Society of London on the assessment and perception of risk. 
The presented Papers, edited by Warner and Slater (1981) do 
not devote much attention to landslide hazard; principal 
consideration is given to biochemical, medical, industrial, 
household and even recreational risks. The emphasis on 
psychological factors in the perception or evaluation of 
"risk” could, however, prove useful in the interpretation and 
assessment of risk to population, properties, economic 
activities and public services from hazardous landslides in
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the Undercliff.

Various responses to actually or potentially hazardous 
events are listed by Varnes et al.(in press). The options 
given ares

"1. Pact finding. Delineation of the location or areal 
extent of the hazard and the degree of risk that it may 
present.
2. Dissemination of information to appropriate 
governing bodies and to the public. Education. 
Warnings.
3. Avoidance by land-use regulation and ordinances. 
Acquisition of land for low-risk use. Evacuation.
4. Discouraging use of hazardous area by tax-assessment 
practices and financing policies.
5. Removal of the hazardous area or protection by 
control works.
6. Insurance.
7. Relief and reconstruction.”

Of these, the first two cure seen as the primary objectives of 
further geological and geotechnical studies. The continued 
and extended monitoring of currently identifiable movements 
and the furtherance of comprehensive sub-surface 
investigations, in particular, are vital to an informed 
understanding of the conditions, geomechanics and engineering 
control of possible failures, leading ideally to the more 
certain prediction of actual landslides.



Table 9-1 Proposed degrees of hazard from potential or actual mass movements in the Undercliff and adjoining 
areas.

Symbol Relative
probability

Description

0 negligible Outside recognized area of pre-existing landslides. Zone entirely free of slope 
movements; or exhibiting none of the conditions for instability.

I very low Zone apparently free of slope movements; or exhibiting few of the conditions for 
instability.

II low Zone practically free of slope movements; or exhibiting some of the conditions 
for intermittent instability.

III moderate Zone affected very occasionally by movements of small to moderate magnitude or 
affected by diffuse or poorly expressed signs of movement; or exhibiting many 
of the conditions for intermittent instability.

IV moderately high Zone affected very occasionally by movements of moderate to large magnitude; or 
exhibiting many of the conditions for certain instability.

V high Zone affected periodically by movements of moderate to large magnitude or 
affected frequently by movements of small to moderate magnitude; or exhibiting 
all of the conditions for certain instability.
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Table 9-2 Types of hazardous mass movements and instability processes

Symbol Description Strata involved General location

a Snow or slush avalanches — Slopes of the downs
m Multiple rotational landslides Gault, Upper Greensand, 

Lower Chalk
Rear scarp and adjoinging areas

r Small or large rockfalls Upper Greensand, Lower Chalk Rear scarp
8 Renewals of movement in old 

multiple rotational slides
Gault, Upper Greensand, 
Landslip deposits

Rearward, terraced zone of 
Undercliff

t Translational slides, major 
mudslides and shallow rotational 
slides.

Gault, Landslip deposits Seaward slopes 
behind coastal

of Undercliff, 
cliffs

C Small rockfalls, minor 
translat ional/rotat ional 
slides and mudslides, seepage 
erosion, marine erosion.

Carstone, Sandrock, 
Ferruginous Sands, Landslip 
deposits.

Coastal cliffs and aprons
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Fiaure 9-1. Landslide hazard zonation of the Undercliff. Symbols are
explained in tables 9-1 and 9-2.
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10. SUMMARIES AMD CONCLUSIONS

10.1 GEOLOGY AND GEOMORPHOLOGY OF THE UNDERCLIFF

Considerable attention has been given to elucidating the 
detailed stratigraphic and structural relations of the rocks 
of the Undercliff and Southern Downs. The fundamental thesis 
motivating this is that the location, nature and activity of 
the coastal landslides forming the Undercliff cure controlled 
by their geological setting. The existing geological 
literature is found to be inadequate, out-of-date, 
insufficiently detailed and occasionally erroneous, thus 
justifying the revisions adopted here.

The southern Isle of Wight lies on the edge of the 
Hampshire-Dieppe Basin and is formed from an impressive 
sequence of Lower and Upper Cretaceous strata. The 
Undercliff is the coastal outcrop of the Southern Downs, a 
prominent outlier composed of the Lower Greensand, Gault and 
Upper Greensand with a capping of Chalk. The structure of 
the Southern Downs outlier, in contrast to the great 
monoclinal fold passing east-west through the centre of the 
Island, is rather subdued. Hutchinson (1965b) drew attention 
to the existence of a shallow, gently south-south-eastward 
plunging syncline and to the strong control this exercises on 
the Undercliff landslides. Its detailed structure has been 
determined in this study by direct and indirect surveying of 
well-exposed marker horizons. The axis of the syncline 
passes through western Ventnor. Independent confirmatory 
evidence of this structure has come from a deep geophysical 
survey and from water resources investigations of the Lower 
Greensand north of the outlier. The age of its formation is 
uncertain, but there are grounds for believing that "post 
orogenic flexuring", possible still continuing, may have 
played a part in its tectonic evolution.
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The stratigraphy of the outlier has received little 
attention for nearly a century, and an inadequate scheme and 
nomenclature persists despite important recent 
palaeontological work. A formal lithostratigraphic 
arrangement is proposed which, on palaeontological and 
lithological grounds, classes the Carstone, Gault and Upper 
Greensand formations together in a Lower Cretaceous 
Selhomian Group. The stratigraphical relations of the rocks 
in the Undercliff, and of the Gault in particular, were 
previously insufficiently detailed for geotechnical purposes. 
It has been proven in the present study that the Gault, which 
is the relatively less competent stratum responsible for the 
main Undercliff landslides, has a considerably greater 
thickness (44 m) in the Southern Downs than previously 
reported for the Isle of Wight. The thickness and 
stratigraphic status of lesser units, such as the Passage 
Beds in the Upper Greensand formation, have been quantified.

By means of both the newly produced geological map of the 
Southern Downs showing the dips and trends of the Ventnor 
Syncline, and of the stratigraphic elevation of the 
Undercliff, an adequate three-dimensional conceptualization 
of the geological environment of the coastal landslides can 
now be made; i.e. the approximate levels of the strata and 
their seaward component of dip can be drawn on engineering 
geological cross sections. Although insufficient sub-surface 
investigation has been done to verify this, it appears that 
the base of the Gault, even at its most seaward projected 
position in the lowest part of the syncline, does not pass 
below sea level.

Three principal geomorphologicaJL coirponents have been 
distinguished in the Undercliff: (i) a rear scarp zone formed 
in the Upper Greensand and Lower Chalk strata, (ii) a 
rearward terraced zone formed by the multiple rotational 
landslides seated in the Gault, and (iii) a seaward zone of 
landslip deposits, including huge back-tilted blocks and 
broad "aprons", together with outcrops of undisturbed lower
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Gault and coastal cliffs formed in Carstone, Sandrock and 
Ferruginous Sands strata. Coastwise along the Undercliff it 
has been possible to identify distinct combinations of the 
above geomorphological features and to group them into seven 
sectors averaging between 1 and 3 km in length.

The predominant controlling factor on the geomorphology 
of the landslides is the above mentioned synclinal structure. 
Owing to the ubiquitous association of the three main 
geomorpholgical zones with particular outcrops of the 
comprising strata, the associated mass movement processes and 
resultant land forms take on an approximate symmetry about the 
synclinal axis. This pattern is especially well revealed at 
the eastern and western extremities of the Undercliff, i.e. 
the Dunnose/Luccombe and the Blackgang/Rocken End sectors 
respectively. The geomorphological patterns exhibited by the 
more central sectors seem to be better developed on the 
western limb of the syncline. This may be due to a slight 
asymmetry, the eastern limb rising more steeply than the 
western. The eastern area does, however, have a thick 
capping of Chalk at the rear scarp and the involvement of 
this in landsliding processes may have resulted in some 
geomorphological features being obscured or destroyed.

A symmetry about the synclinal axis is also reflected by 
the patterns of historical activity. The two end sectors are 
recognized as having a rating of "high" landslide intensity, 
whereas much of the central Undercliff, with the exception of 
the western Vent nor sector, has a comparatively "low" rating. 
Again the intermediate, "medium" intensity sectors are better 
exhibited on the western limb of the syncline. Hutchinson 
(1965b) proposed that continued marine erosion would cause 
the existing zones of high landslip intensity to spread 
inwards and bring about a general worsening of stability 
throughout the Undercliff, although the longest possible time 
scale was implicit in the contemplation of such an extreme 
circumstance.
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10.2 PROCESSES AND FACTORS AFFECTING 
STABILITY AND GEOMECHANICS

Aside from the inherent susceptibility to instability 
that is provided by the geological setting of the Undercliff, 
the hydrogeological and coastal environments assume 
considerable importance in relation to the activity and 
distribution of mass movements. Both factors have been 
reviewed, largely from existing sources.

The consideration of the hydrogeology of the Undercliff 
is inseparable from the wider context of that of the Southern 
Downs outlier. Two principal aquifers are identified: an 
upper one, termed the Southern Downs aquifer, comprises the 
Chalk and most of the Upper Greensand strata of the outlier; 
and a lower one comprises the strata of the Lower Greensand 
Group, including the Carstone formation. The two aquifers 
are separated by an aquitard, comprising the Gault formation 
and most of the Passage Beds member at the base of the Upper 
Greensand formation. The Southern Downs unconfined aquifer 
thus forms a perched water table, the outflow of which, in 
springs and streams emerging from the upper Passage Beds, is 
well known. The water supply for the local towns, villages 
and farms is almost entirely derived from the Southern Downs 
aquifer, which is recharged by rainfall.

Groundwater in the Undercliff is dominated by the 
hydrogeology of the Southern Downs aquifer. It is possible 
to trace the outflowing springs in places in the rear scarp, 
and a hydrological continuity is assumed. The flow of water 
seaward across the Undercliff is complex, often partly 
underground, owing to the complexity inherent in deranged 
masses of strata with varying permeabilities. As in the 
contiguous aquifer, the water table is probably perched as 
the slipped materials overlie a certain thickness of 
undisturbed lower Gault which forms a comprehensive hydraulic 
conductivity barrier. All known hydrogeological records from 
the Undercliff have been traced, and significant geological
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and hydrological data emerge. These are complemented by a 
limited sub-surface programme, involving the sinking of 15 
shallow boreholes at selected sites, and the monitoring of 
piezometers continuously since January 1982. Estimates of 
permeability coefficients for the materials involved have 
been derived.

The intimate connection between coastal landsliding and 
the marine and littoral environment is acknowledged. A 
review of data on the bathymetry and offshore morphology, the 
wave climate and the tidal regime provides information about 
the nearshore processes, such as breaking waves, longshore 
drift and tidal currents. The nature and movement of coastal 
sediments, including the common reddish flint shingle, cannot 
be linked to instances of landsliding in the Undercliff. 
Man's activities may, as in the instance of the ill-fated 
Ventnor harbour construction of 1863-64, disrupt the natural 
longshore movement of coastal materials, leading to minor 
slope instability; however, the effect of storminess may 
occasionally be as equally as great. In terms of 
vulnerability to erosion, the coastal cliffs formed by the 
Carstone, Sandrock and Ferruginous Sands strata at the 
eastern and western ends of the Undercliff are suffering the 
worst effects. These unprotected cliffs are receding 
dramatically, although it appears that no significant 
destabilization of the slides in the rearward Undercliff zone 
has been effected by undrained unloading at the toe. The 
remainder of the Undercliff shoreline is generally adequately 
protected by natural or artificial means. The natural 
barriers include huge masses of hard lands lipped blocks and 
mixed •'apron” deposits. Artificial protection measures 
include sea walls, groynes and permeable revetments; a 
continuous 2.5 km stretch of the Ventnor and Bonchurch 
shoreline is protected in this way. This interference with 
the sensitive dynamic equilibrium of materials at the 
shoreline, however, has led to a scouring of beaches 
downdrift at eastern Bonchurch.
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The processes of mass movement in the seaward Undercliff, 
including those contributing to recession of the coastal 
cliffs, have been identified and described. Small mudslides 
occur in characteristic embayments developed in in situ lower 
Gault exposures at the eastern and western ends of the 
Undercliff. These cliffs exhibit shallow rotational and 
translational slides at lower elevations towards the centre 
of the Undercliff. A major mudslide is reported (Hutchinson 
1983) where the unprotected base of the Gault declines to 
near sea level in the western area of the Undercliff. No 
equivalent form is present on the eastern limb of the Ventnor 
Syncline, owing presumably to the mantling and protection of 
the base of the Gault here by landslip deposits. The coastal 
cliffs developed in the underlying intercalated sandy and 
clayey strata of the Lower Greensand have developed a stepped 
profile of intermediate cliffs and undercliffs. The rate of 
recession of the lowest, most seaward of these has been 
estimated at between 0.18 and 0.63 m/year. The processes 
responsible include marine erosion and undermining, probable 
seepage erosion, minor rockfalls and shallow rotational and 
translational slides in the fallen debris.

The apron features which occupy a large area of the 
seaward central Undercliff are composed of admixed landslip 
deposits. With one possible exception, no currently active 
process is sufficient to account for their location and 
magnitude. It is proposed that a major mass movement process 
was required for their formation, possibly involving an 
initial large rockfall followed subsequently by slower slides 
of the accumulated debris, as was reported after the 1928 
Gore Cliff rockfall. The main aprons must have been formed 
before or during episodes of multiple rotational sliding in 
the rearward Undercliff, as suggested by limited iAC dating.

The rear scarp of the Undercliff, formed in the Upper 
Greensand and Lower Chalk strata, has been found to be 
dissected by two principal joint sets which intersect at 
right angles approximately, with a spacing of 4 - 6 m.
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Opened joints, some of which axe inferred to have been 
slightly displaced in landslide-related movements and are 
locally termed "vents", were measured in the Chert Beds in 
the former railway station yard at Ventnor. Passing inland 
from the rear scarp, the joint spacing increased and the 
amount of seaward offset displacement decreased. The rear 
scarp is affected by three main types of instability. A
slice of the rear scarp is necessarily involved in 
retrogressive multiple rotational lands1iding, a process 
which, with the possible exception of part of Ventnor, is not 
active currently. The two other kinds of failure are small 
and large rockfalls. Both are controlled by the joints and 
discontinuities in the rocks. The former, which cure active 
intermittently, appear to occur as a result of weathering; 
the latter involves a complex toppling failure mechanism, 
termed "secondary toppling", which follows probable
differential settlement of the underlying Passage Beds and 
Gault. Two historical examples of such large rockfalls are 
known, and both are related to slides that occurred in the 
Undercliff adjacent.

A preliminary geotechnical study was undertaken of the 
Gault, as the main soil material involved in the multiple 
rotational landslides in the Undercliff. Sampling was from 
cliff face exposures at Blackgang and Dunnose. Index tests 
and residual (ring shear) strength determinations were made. 
Comparison with the results of other workers at these sites, 
and with the Gault at Folkestone Warren, reveals a pattern 
that is consistent in the Undercliff but different from the 
latter site. An upward lithological transition from the 
gritty Carstone suggests that major landslide slip surfaces 
may not generally be predisposed to form in the lowest 
c. 15 m of the stratum because of its sandier texture and 
lower plasticity. The development of first-time shear 
surfaces in the Gault almost certainly depends on a 
progressive failure mechanism. The stress/strain behaviour 
resulting from lateral, stress relief is invoked to explain 
the hypothetical propagation of slip surfaces, leading
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ultimately to slope failure in a new (first-time) multiple 
rotational landslide. The time-dependent mechanisms of soil 
creep and pore water pressure dissipation are also likely to 
contribute to such a first-time failure, although their 
relative impact cannot toe determined from the present data.

Semi-empirical stability analyses on representative 
engineering cross sections in the various sectors of the 
Undercliff have been undertaken as a means of indicating 
relative stability against renewals of movement in the old 
multiple rotational slides of the rearward geomorphological 
zone. The potential effects of changes of the groundwater 
level, of unloading at the toe by coastal cliff erosion, and 
of rearward loading by rockfall debris have each been tested. 
The conclusions, however, are limited by the degree to which 
the initial assumptions in the analyses are realistic. These 
assumptions include the location and shape of the basal slip 
surface, the shear strength of the soil and the level of the 
perched water table, most of which are derived indirectly 
without the benefit of sub-surface data. The analyses have 
borne out the intuitive, geomorpho logically interpreted, 
pattern of relative, as opposed to absolute, slope 
stability.



10*3 HISTORY OF IANDSLIPING

The Undercliff undoubtedly assumed its present form in 
relatively recent geological time, i.e. the Holocene (or 
Flandrian Stage), which spans approximately the last 10,000 
years of interglacial climate since the Devensian cold 
period. The Isle of Wight then lay outside the area of most 
active periglacial processes. The onset of major landsliding 
is likely to have been effected by the eustatic recovery of 
sea level in conjunction with periods of proposed climatic 
deterioration during the Holocene.

An examination of surface exposures of superficial 
deposits led to the discovery of organic horizons, three of 
Which have yielded radiocarbon dates of the order of 4000 - 
4500 B.P., intercalated between landslip deposits. Indirect 
chronological data from mollusca, biostratigraphic 
correlations and archaeological evidence are also capable of 
interpretation in relation to landsliding.

The limited available evidence from the Undercliff, 
correlated with knowledge of other coastal landslides in 
southern England, indicates that at least two episodes of 
major sliding have occurred during the Holocene. The first 
is inferred to have taken place during Atlantic times and to 
have possibly remained active for one or two millennia. A 
period of relative quiescence including part of the so-called 
"Climatic Optimum" then followed, during which some soils 
formed and pre-historic habitation was established. Further 
great landsliding activity is then inferred to have occurred, 
probably in Subatlantic times and occupying much of the Late 
Bronze/Iron Age and Romano-British period. It is assumed 
that such episodes of widespread and major sliding correspond 
with alleged periods of climatic deterioration, although the 
probable influence of eustatic sea level recovery is 
difficult to determine, following the erosion or submergence 
of depositional evidence.
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The recent history of landsliding may be traced in 
documentary records, largely dating from after the late 18th 
century. No widespread major activity in the Undercliff is 
apparent, but certain serious localized individual events 
assume considerable importance as indicators of past and 
possible future slope behaviour. Two recent examples, not 
previously reported in detail, have been studied closely.

The first case records the history and geomechanics of a 
large landslide which destroyed three houses and part of a 
road at Blackgang in March 1978. A review of contemporary 
newspaper reports and the personal recollections of the 
principal landowner affected have permitted the 
reconstruction of the events leading up to and during the 
landslide. It appears that certain premonitory movements 
were taxing place up to six years beforehand. The Xey 
stimulating factor was heavy rainfall together with melting 
accumulated snow. An area estimated at 3.7 ha of the 
rearward Undercliff zone was involved in the movements which 
were multiple rotational in character and seated in the Gault 
and accumulated landslip and rockfall deposits below the rear 
scarp. The seaward area of the slide was involved in a 
seaward translation of 9.5 - 10.5 m.

Limited site investigations have enabled a preliminary 
assessment of the geomechanics of the slide to be made. By 
making suitable assumptions about the shape and depth of the 
slip surface, the soil properties and the groundwater 
conditions at failure, it has been possible to conduct back 
analyses of the landslide. The mobilized shear strength for 
assumed high groundwater levels (ru » 0.3) is c ’ = o, 
<t>' = 20.0°, which is considerably greater than the residual 
shear strength of the Gault determined in laboratory tests. 
From this it is inferred that the sandy Upper Greensand 
derived debris at the head of the slide participated 
significantly in the sliding movements. The above values and 
conditions were taken as a first-order approximation to the 
unknown parameters in the stability analyses made on trial
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cross sections elsewhere in the Undercliff.

Two monitoring programmes were conducted to determine the 
nature of possible continuing movements both in the 1978 
slide area and in a fissured part of the rear scarp close by 
which had first been disturbed by a large roCkfall in 1928. 
An EDM survey network on the landslide has revealed no 
significant movement during the year April 1982 - April 1983. 
This accords with post-slide stability analyses which, for 
the assumed conditions, indicate a state of marginal 
stability. An adjacent fissure in Gore Cliff was monitored 
from November 1980 to May 1982 by an automatic recording 
displacement gauge, installed to record widening movements. 
The specially designed prototype device performed adequately 
and recorded a seasonal, reversible widening and closing 
amounting to 7.5 mm. A cliff fall is not considered 
imminent. The device is relatively inexpensive and could be 
adapted for use in a hazard warning system.

The second record of landslip activity in the Undercliff 
involved the mapping and monitoring of small, but damaging, 
movements in parts of the urban area of Ventnor. The 
location of most of these had been determined by local 
records which show damage to houses and patterns of linear 
cracks in two main zones in western Ventnor. An examination 
of O.S. benchmark levels from successive surveys in 1896, 
1907, 1939 and 1959-60 reveals a history of small 
subsidences. An increase in the amount and rate of movements 
was recorded during the wet winter of 1960-61, and led to the 
loss of several houses and considerable damage to roads and 
public utilities. The benchmarks in and near the affected 
areas were therefore re-levelled by precise EDM surveying in 
1982 to quantify the subsidence since i960. This amounted, 
in one case in the centre of a graben structure in Upper 
Ventnor, to a total of 0.63 m, the greater part of which 
probably occurred during 1960-61. Because continuing 
movements are still evident from minor damage to roads and 
public services, a monitoring programme was begun in 1982 to
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rtfcord the displacement of certain well-disclosed surface 
cracks and fissures, including the edges of the graben. A 
special portable rod extensoraeter device has been built to 
measure both subsidence and widening components of movement. 
Rates of vertical and horizontal movement in the period 
February 1982 to April 1983 are generally in the range
0 - 2 0  iran/year, although one site subsided at an estimated 
rate of 45 mm/year before the installation itself was 
destroyed as a result of the movements.

Without the benefit of proper sub-surface investigation 
it is wise to interpret these findings with caution. 
However, important conclusions can be drawn. Part of the 
more landward active zone lies outside the conventionally 
regarded area of the Undercliff, i.e. behind the "rear scarp" 
recognized by the I.G.S. The probable interconnection of the 
moving zones by deep-seated multiple rotatinal slip surfaces 
suggests that the movements in Upper Ventnor are indicative 
of a retrogressive extension of sliding. The nature of the 
movements is not currently catastrophic. The mode, 
time-scale and requisite conditions for a potential major 
failure are unknown; however, the potential consequences of 
any further instability in the Ventnor urban area are 
appreciable and the whole problem merits urgent attention.
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10.4 LANDSLIDE HAZARD

The limited experience of landslide hazard zonation 
studies in the U.K. has necessitated the reviewing of current 
practice abroad. Following this review it was decided to 
adopt three fundamental guiding criteria for application 
specifically to the Undercliff. The first principle used a 
knowledge of past and present events in assessing future 
slope stability behaviour; the second criterion requires that 
the conditions leading to failure, the processes and 
mechanisms of failure, and the likely effects of changed 
conditions are known or can be estimated; and the third 
principle assumes that degrees of hazard can be estimated. 
The evaluation of these criteria in the Undercliff has 
involved a synthetic appraisal of many factors, including the 
susceptibility of the strata to various mass movement 
processes, the present geomorphological patterns, the 
historical activity of landslides, and the longevity of 
existing buildings, for example. In addition, the 
semi-quantitative analyses of relative slope stability have 
aided the determination of a ranking or weighting of the 
factors and processes contributing to actual or potential 
failures.

The zonation of the Undercliff, as an area of 
pre-existing "landslips", has required a large scale of 
mapping that can take account of differences in the degree of 
hazard between areas of the same order of size as zones and 
sectors identified by geomorphological reconnaissance. Six 
relative degrees of hazard have been defined, ranging from 0 
(negligible hazard, outside the area of the Undercliff) and I 
(very low) to V (high). Each is qualified according to the 
likely type of landslide hazard to be expected.

The resultant zonation identifies the probability of 
occurrence of a geological hazard in the form of a potential 
mass movement within a specified future term, here limited to 
100 years. No account is taken in this zonation of the
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expected degree of possible loss or damage from a given mass 
movement to population, property, economic activities or 
public services. The evaluation of such consequences would 
require a sepaxate "risk assessment", taking account of the 
severity of the natural hazard, the number of elements at 
risk and the vulnerability of these elements. Hazard 
zonation studies of this kind are seen as a worthwhile means 
of presenting the interpretative findings of engineering 
geomorphological and geotechnical investigations to planners, 
local authorities and others responsible for implementing 
public safety.



10.5 CONCLUSIONS

The following conclusions are drawn from this engineering 
geomorphological reconnaissance of the coastal landslides 
forming the Undercliff of the Isle of Wight.

1. The existing literature on the geological structure and 
stratigraphy of the Undercliff is generally outdated and 
inadequate for the purposes of a geotechnical appraisal. A 
newly proposed, more formal, lithostratigraphic scheme 
provides a convenient context for the discussion of 
landsliding. A south-south-eastward plunging flexure, termed 
the Ventnor Syncline, controls broadly the type, distribution 
and activity of the landslides taking place in the Gault and 
other Albian strata.

2. The present form of the Undercliff was established by at 
least two episodes of major landsliding during the Holocene. 
Limited depositional evidence suggests that these occurred 
during Atlantic and Subatlantic times respectively. The 
present day is, by contrast, relatively quiescent.

3. The widely variable composition and hydraulic 
conductivities of the slipped materials forming the 
Undercliff result in a complex hydrogeology which is 
characterized by such features as underground streams, 
landslip ponds and numerous springs. Hydrological continuity 
with the Chalk and Upper Greensand aquifer of the Southern 
Downs is inferred. Available evidence suggests that the 
groundwater system in the Undercliff landslides is perched, 
with respect to significantly less permeable underlying 
strata.

4. Preliminary studies of the incident wave climate show 
that the predominant direction of marine attack on the shore 
is from the SW; outcrops of Lower Greensand strata, exposed 
in this direction, are susceptible to erosion. With the 
exception generally of this and the eastern extremity of the
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Undercliff, much of the coast is protected adequately from 
marine erosion by natural or artificial means; although the 
latter may interfere with the eastward movement of beach 
sediments by tidal and longshore drift currents.

5. The CJndercliff comprises three main geomorphological 
components: (i) a rear scarp zone, where rock falls of the 
Upper Greensand and Lower Chalk strata predominate, (ii) a 
rearward zone, where renewals of movement can occur in old 
multiple rotational slides in the Gault, and (iii) a seaward 
zone, where, in the central Undercliff, deposits of 
landslipped materials, often forming broad "aprons", mantle 
the toes of the multiple rotational slides; at the eastern 
and western margins, the seaward zone comprises coastal 
cliffs formed in Lower Greensand and lower Selbornian strata 
which degrade in mudslides, shallow rotational and 
translational slides and rockfalls. Various combinations of 
the above three zones have led to the discrimination of seven 
coastwise geomorphological sectors which in general display 
decreasing slide activity, from the eastern and western ends 
of the Ventnor Syncline, inwards towards the axis.

6. An important exception to this pattern of activity occurs 
in the western part of Ventnor, in the vicinity of the 
synclinal axis. Historical records and recent monitoring of 
continuing damaging movements indicate activity not only in 
the rearward and seaward Undercliff zones but also reaching 
up to 170 m behind the conventionally recognized rear scarp. 
This is interpreted as a probable landward extension of slide 
movements which could be the precursor to a possible major 
new multiple rotational landslide. It is of paramount 
concern that, in this event, a considerable area of the 
Ventnor urban area would be affected. Currently active 
slides of this type are unknown elsewhere in the Undercliff; 
insufficient data axe yet available to quantify the hazard, 
which merits urgent attention.
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7. The monitoring programme noted above, and a. second one 
near Blackgang, required the development of two special 
purpose displacement gauges. A portable rod extensometer is 
useful for measuring vertical and horizontal displacements 
across fissures, over periods of several months to several 
years. A prototype, automatic recording gauge which is 
installed in a fissure to measure one component of movement, 
produces daily readings and could be adapted to use in a 
landslide warning system.

8. A preliminary geotechnical study of the Gault, 
principally from surface exposures and including the first 
formal account of the 1978 Blackgang landslide, has revealed 
important data on the failure conditions for slides in the 
Undercliff. Owing to a rather sandy lithology in the lower 
one-third of the thickness of the Gault, major multiple 
rotational slides appear to be confined to the upper c. 30 m 
of this stratum. Mobilized shear strength at failure is 
considerably greater than the residual strength of the Gault 
alone, suggesting that sandier strata of the Upper Greensand, 
near the head of slides, participate in the failure. A 
progressive failure mechanism is the probable means by which 
new slip surfaces in the Gault are formed, leading ultimately 
to the hypothetical development of a new multiple rotational 
landslide.

9. The assessment of relative landslide hazard in the 
Undercliff, based largely on semi-empirical criteria, has led 
to the preliminary identification of six ranked zones that 
are described according to the likelihood of failure within a 
time-scale of up to 100 years.
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12. APPENDICES

12.1 APPENDIX I

Well records and logs: Southern Downs and Undercliff

There are several sources of Information on the wells, 
boreholes and springs. These include the archives of the 
Institute of Geological Sciences (I.G.S.), Whitaker (1910) 
Fairley (1932), and unpublished water rights applications 
lodged with the Southern Water Authority (S.W.A. ). These 
records relate mainly to water for supply, rather than 
springs which feed the streams and rivers. Ordnance Survey 
maps at 1:25,000 and larger scales generally contain some 
information on the latter. The summary map, figure 4.1, 
reproduced here, is an attempt to collate areally much of the 
undoubtedly incomplete information available to the writer.

Listed below are the well records. Where appropriate 
further data from Whitaker (1910) and Fairley (1932) is 
included. The I.G .S. records are numbered (e .g . 345/12) in 
order. The Southern Water Authority records, designated 
••SWA", are listed alphabetically. All heights, levels and 
thicknesses have been converted to metres; but yields or 
permitted extractions are given in units of gallons per day, 
as they appear in the records (gpd x 5.26 x 10”s = 1/s). 
Refer also to table 4-2. The stratigraphic interpretations 
are, in most cases, the writer’s own. The following
abbreviations are used:

GL Ground level
D Depth
KWL Rest Water Level
Y Yield
GEOL Geology



Figure 4-1 Water supplies of the Southern Downs
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Borehole logs recording useful geological information are 
indicated thus * and presented in full at the end. Grid 
references relate to sheet letters "SZ”. The bracketed 
number is the date, if known, when the well or borehole was 
sunk or the extraction licence granted.

r.G.S. and S.W.A. Well Records

344/12A Bierley, Whitwell 50787802 2 Springs
12B 50937799

Water flows to a catch pit and thence to a reservoir 
WL +116.1 m O.D. in reservoir
Y 8,000 gpd (summer 1930, little seasonal variation) 
GEOL Upper Greensand

344/13 chale 49037758 2 Wells

GL +152.5 m O.D. according to Whitaker
D 14.3 m and 14.9 m, from adits 5.5 - 10.1 m below GL
KWL +140.5 m O.D., +138.7 m O.D. after pumping (1.25

hr recovery)
Y 12,000 gpd, 7,500 gpd (summer 1930, seasonal

variation)
GEOL Upper Greensand

344/14 Whitwell 51537765 Borehole (1958)
(51567768 according to SWA)

GL +70.4 m O.D.
D 91.1 m
KWL ? +32.9 m O.D
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GEOL Sandrock/Ferruginous Sands

344/15 Niton Farm, Niton 50347672 Well (1933)

GL +111.5 m O.D.
D 4.5 m
RWL +110.9 m
GEOli Upper Greensand

345/2A Sainham Farm, Godshill 52898097 2 Wells
2B 52878101

GL +79.3 m O.D.
D ? 3.1 m
RWL +78.6 m O.D. (Apr. 1954)
GEOL ? Sandrock

345/4 Apse Reach, Godshill 56348060 Spring (1901)

WL
55 m heading at +134.1 m O.D., flows to reservoir 
+125.0 m O.D. in reservoir

GEOL Upper Greensand

345/5 Week Farm, Whitwell 53707786 Borehole (1881)

GL +135.9 m O.D.
D 39.6 m
RWL +109.9 m O.D.
GEOL Upper Greensand/ *
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345/6 Wroxall 54817958 Borehole (1958)

GL +74.7 m O.D.
D 76.2 m
KWL +60.8 TO O.D.
Y 20,000 - 30/000 gpd ("very low" according to SWA)
GEOL Gault/Carstone/Sandrock/Ferruginous Sands *

345/7 Cross Meade, Wroxall 555795 Well (1896)

3 collecting pipes, 7.6 m deep, at +89.9 to +94.2 m 
O.D.

Y 78,000 gpd (little seasonal variation)
GEOL Upper Greensand

345/8 Blackhouse Well, Wroxall 56437980 Well

GL +161.5 m O.D.
D 39.6 m
KWL +124.9 m O.D. (May 1932)
Y 50 gpd (for SWA Wroxall Cross Farm)
GEOL Upper Greensand ("freestone" from 12.2 - 27.4 m)

345/9 Wroxall Spring (1) 563795 Spring

2 Adits, 45.7 - 54.9 m long, from 9.1 m deep shaft 
Level of collecting chamber +126.5 m O.D.

WL +114.9 m O.D. in reservoir
Y 10,000 - 15,000 gpd

Upper GreensandGEOL
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345/10 Wroxall Spring (2) 55857925 Spring

WL +106.7 m O.D. in 1.8 m deep collecting chamber
GEOL Upper Greensand

345/11 Pit Farm, Wroxall 55027871 Well (1877)

GL +137.2 m O.D.
D 39.6 m
RWL Water said to flow into well by a spring about 

1.8 m above bottom of well (i.e. c. +99.4 m O.D.
GEOL Lower Chalk/Upper Greensand

345/12 isolation Hospital, Ventnor 55537821 Well (1903)

GL +152.4 m O.D.
D 75.7 m
RWL +89.0 m O.D. (alternatively +93.0 m O.D.)
Y ("no water, never used" according to Fairley)
GEOL Lower Chalk/Upper Greensand/Gault *

345/13 Ventnor Railway Tunnel 56137801 Spring

GL (south portal) +90.0 m O.D.
Water collected in 305 and 230 mm pipes laid each 
side of tunnel. Main spring thought to be 290 to 
380 m south of the northern portal at Wroxall.

Y
GEOL

170,000 - 200,000 gpd (little seasonal variation) 
Upper GreensandGEOL
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345/14 Punning Station, Ventnor 56167783 Well (1883)

GL +88.4 m O.D.
D 23.5 m below floor of pumping station (25.9 m 

according to Fairley)
RWL +65.8 m O.D. (supplied by 28.0 m adit at 

+65.5 m O.D.)
GEOL Upper Greensand

345/15 Ventnor Waterworks 56227785 Well (1899)

GL +88.4 m O.D.
D 33.8 m
RWL ? +62.8 m O.D.
GEOL Upper Greensand/Gault *

345/16 St Catherine's Home, Ventnor 56067769 Borehole 
(1934)

GL c. +68 m O.D.
D 65.2 m
RWL 10.7 m below GL
GEOL Upper Greensand/Gault/Carstone *

345/17 Ventnor Gas Works 56757741 Borehole (1932)

GL +4.6 m O.D.
D 36.6 m
RWL +3.4 to +2.2 m O.D. (aquifers at -17.7 and 

-30.5 m O.D.)
GEOL Landslipped Upper Greensand/Carstone/Sandrock *



535

345/20A
20B

Greatwood Copse 57268009 Wells 
57288011

(1863)

GL (A) +126.8 m O.D. (B) +124.4 m O.D.
D (A) 21.3 m (B) 16.5 m
RWL ? 2 headings at +114.6 and +108.5 m O.D.,

2 others driven from open ground at +126.5 and 
+129.5 m O.D.

Y 32,000 (winter) - 11,000 (summer)
(200,000 in summer according to Whitaker)

GEOL Upper Greensand/Gault (Gault below +111.6 m O.D.)

345/20C Greatwood Copse 57458009 Borehole (71892)

GL +111.3 m O.D.
D 57.6 m
KWL (filled in)
GEOL Gault/Carstone/Sandrock *

345/21A Oxlease Springs, Shahklin 57658021 3 Springs
21B 57678021
21C 57668020

GL +96.0 m O.D.
Y 28,000 gpd (winter) - 9,000 gpd (summer)
GEOL Upper Greensand

345/22 Luccombe Spring 57797908 Spring

GL +106.7 m O.D.
WL +103.3 m O.D. in collecting tank at bottom of

2.4 m shaft.
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Y 50,000 gpd (in a dry summer)
GEOL Upper Greensand

345/23 St Boniface Down 56977864 Borehole (1950)

GL +237.7 m O.D.
D 18.3 m
RWL (dry, abandoned)
GEOL Flint Gravels/Lower Chalk

345/24A Undercliff, St Lawrence 53117641 2 Springs (1889)
24B 53077635

GL (A) c. +61 m O.D. (B) c. +50 m O.D.
RWL +45.4 m O.D. in collecting chamber
Y (A) 72,000 gpd (B) 24,000 gpd (little variation)
GEOL Landslipped Upper Greensand

345/25 Royal National Hospital, Ventnor 54617692 Well 
(1885)

GL +26.8 m O.D.
D 10.7 m
RWL +20.8 m O.D. (Mar. 1954)

9 - 1 8  months delay in rainfall (effect of a 
drought noticed)
Pumped level to +18.0 m O.D.

Y average 11,500 gpd pumped
GEOL Landslipped Upper Greensand and Gault
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SWA Bank End Farm, St Lawrence 54027674 Spring
(26/1/76) (54057655 Pond)

GL c. +36 m O.D.
WL c. +15 m O.D. in pond
Y 30,000+ gpd
GEOL Landslipped Upper Greensand

SWA Dean Farm, Whitwell 52727717 Well (2/1/67)

GL c. +96 m O.D.
D 7.0 m
Y 500 gpd pumped
GEOL Upper Greensand

SWA The Hermitage, Whitwell 49727881 Spring (10/4/67)

GL C. +154 m O.D.
Spring flows to catchpit 0.9m deep, 1.2 m diameter 

Y 1,300 gpd
GEOL Upper Greensand

SWA Itchill, Whitwell 52277934 Well

GL +77.7 m O.D.
D 7.6 m
GEOL Sandrock

SWA Moncrieff Farm, Wroxall 55407980 Spring (6/9/66)
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GL c. +99 m O.D.
Spring flows to catchpit 1.2 m deep

y ? 1,600 gpd
GEOL Upper Greensand

SWA The Orchard, St Lawrence (1) 51377599 2 Wells 
(2/1/67 ) (2 ) 51377604

GL (1) c. +54 m O.D. (2) c. +61 m O.D.
D 3.1 m (1.5 m diameter)
Y 200 gpd
GEOL Landslipped Upper Greensand

SWA Redhill Farm, Wroxall 54418071 Well (2/1/67)

GL c. +88 m O.D.
D 18.3 m, 1.2 m diameter
Y 400 gpd pumped
GEOL Sandrock

SWA Rew Farm, Wroxall 54677870 Well (1/7/71)

GL c. +98 m O.D.
D 2.7 m, 3.1 m diameter
Y 1,000 gpd
GEOL Upper Greensand

SWA Roud, Godshill 516798 Borehole (14/12/77)

GL +42.0 m O.D.
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D
RWL
GEOL

33.0 m
+37.7 m O.D. (1979-81) 
Ferruginous Sands

SWA Sibbecks Farm, Whitwell 50827922 Well (5/1/67)

GL c. +58 m O.D.
D 3.1 m (1.8 m diameter)
Y 3,000 gpd
GEOL Sandrock

SWA

GL
D
Y
GEOL

Span Farm, Wroxall 54617897 Well (5/1/67)

c. +101 m O.D.
6.1 m (2.4 m diameter)
500 gpd pumped 
Upper Greensand

SWA Stenbury Manor, Whitwell 52807890 Spring (10/2/67)

GL c. +105 m O.D.
Spring flows to catchpit 3.1 m deep

Y 1,500 gpd
GEOL Upper Greensand

SWA Ventnor Laundry, Ventnor 56097761 Spring
(13/2/67)

GL C. +58 m O.D.
Spring flows to collecting chamber
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Y 24,000 gpd
GEOL Landslipped upper Greensand

SWA Westfield Holiday Centre, Bonchurch 57397779
Borehole (2 8/2/77 )

GL c. +25 m O.D.
D 19.8 m (150 mm diameter)
RWL 15.7 m below GL (Oct. 1976)
Y 5,000 gpd pumped
GEOL Landslipped Chalk, Upper Greensand and Gault.

SWA Wroxall Cross Farm, Wroxall (1/9/80)
(A) Spring 55887918
(B) Blackhouse Well (= 345/8)
(C) Well 55987904

GL (A) c. +105 m O.D. (C) c. +116 m O.D.
D (C) 12.2 m
Y (A) 50 gpd (C) 50 gpd
GEOL Upper Greensand
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I m p o r ta n t  b o r e h o le  l o g s
Refer to figure 2-8 for stratigraphic interpretation.

345/5 Week Farm, Whitwell (SZ 53707786)

+ 135.9  m O .D .
—77K\---------r ~ o

0.6

3.2

Top soil 
Rag stone

+ 1 3 0 -
7.7

Free stone

Yellow sand
12.0

+ 120- Green sand

22.4

24.6
25.4
26.2

28.0

30.2

Hard stone
Green sand 
Sandstone 
Stone and sand
Blue shale and stone

+100
Black shale

5c

11

5b

+ 9 6 .3 39.6
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345/6 Wroxall (SZ 54817958)

Hard clay with stone 
Gravel

Hard blue clay

Sandstone

Green sandstone

Bluish sandy clay 
Greenish sandstone 
Sandstone

Blue clay 
Greensand

Green sandstone

Blue clay 
Green sandy clay

Black clay

l  tut

Ii

3

:2f

2e

2d

2c

2b
2a

1 c &

1b
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345/12 Isolation Hospital, Ventnor (SZ 55537821)

+152.4 m O.D.

+150-

+ 14 0 -

+ 13 0 -

+ 120-

+110

+ 100-

^89.0 + 90-

+ 8 0 -f 

+76 7

32.0

35.4

37.8

45.1

53.3

61.0

70.1

71.9

75.7

Chalk

Hard qreen shotterwit
Grey freestone

Hard grey freestone

Hard green freestone

Green freestone

Black and grey freestone

Hard black freestone
Black bed & malm merging 
into blue slipper

6b & 
6a

5c

5b

5a
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345/15 Ventnor Waterworks (SZ 56227785)

+88.4 ro O.D.
-----7773X----- —

+ 8 0 -

+ 7 0 -

+62.8

+ 6 0 -

o

3.4
3.8

10.4
11.0

20.7
21.0

24.4
24.8

27.0

29.0

33.2
33.8

Freestone and sandstone 
Rag

Sandstone

Rag

Sandstone

Rag
Dark grey sandstone
Brown sandstone 
Dark grey sandstone
Gault

Dark grey sandstone

+54.6 Blue Gault
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345/16 St Catherine's Home, Ventnor (SZ 56067769)

c. +68 m O.D.
//Aw

■60-
c. +57

+50

+ 4 0 -

+30-

■ 20-

+10

c .+ 3

11.3

15.2
15.8

19.8

30.5

60.4

64.9
65.2

Green sand & rag stones 5b & 
5a

Green sand, gault & rag stones 
Green sand and rag stones _ 
Gault and rag stones

Gault, rag stones & shale

4

Gault

Green sand
Blue stone & conglomerate

3
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345/17 Ventnor Gas Works (SZ 56757741)

+ 4 .6  m 0 .D777ST

- 10 -

- 20 -

- 3 0 -

•3 2 .0 -

o

4.0
4.1
5.2

11.0

21.6
22.3
23.2

35.1

36.6

Fill f i l l

Small shingle 
Boulders bsmh

Green sandstone

Hard clay and stones

3

2e Be 
2d

Sand and clay (dirty) 
Sand

Clay and sand 2c

Green sandstone & grey mixed 
(hard)
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345/20C Greatwood Copse (SZ 57458009)

+ 111.3  m O .D .
77AT“  

+ 110-

+ 100-

+90

• 8 0 -

+ 70 *

+60

■53.7-

9-1

21.3

30.5

33.2

36.3

38.4

41.2
41.8
42.1

49.7

51.8 
53.3

55.2

57.6

Sandy micaceous clay

Micaceous clay

Pale silty micaceous clay

Bluish clayey grit with pebbles 
Greenish brown clayey grit
Yellowish green grit & sand
Bluish-green sand & grit 
Yellowish-blue clayey grit 
Bluish-green clayey grit

Fine-grained pale running sand

Ashy grey sandstone with grits
Deep green glauconitic sandstone 
Blue-grey clayey sandstone
Light green glauconitic sandstone

2b

2d

2c
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12*2 APPENDIX II

Coastal landslides in the Gault at Luccombe

Significant outcrops of the Gault occur in the coastal 
cliffs north of Luccombe Chine (figure 2-7). A stretch of 
about 1.0 km is affected. This length was not included in 
the defined extent of the Undercliff (1.1), owing to 
considerable geomorphological differences; most notably the 
absence of a prominent rear scarp in the Upper Greensand, and 
the poor development of multiple rotational landslides (no 
"landslip" is mapped by the I.G.S. (1976)). There are, 
however, some records of failures in the Gault from this 
area. It is therefore appropriate to mention these, as being 
relevant to the processes taking place in the adjacent 
Undercliff. The following summary is derived entirely from 
unpublished information made available to the writer by 
Professor Hutchinson (Reconn, in prep).

A succession of failures has occurred in or just seaward 
of Luccombe village. It is reported (Anon 1951a) that the 
former village, situated eastward of the present one, was 
carried into the sea by a landslide which occurred at about 
the turn of the century. Other such slides are reported "a 
few years" before 1921 (Colenutt 1921) and in January 1925 
(Anon 1925). A midden situated on the cliff edge near 
Luccombe Chine was cut into by a slide in 1923, successively 
encroached upon by a series of minor slides between then and 
1930, and finally carried away by a further slide during the 
winter of 1930-31 (Poole and Dunning 1937). Another 
landslide in the Luccombe village area took place in 1950 
(Anon 1950). This was followed by a series of more 
considerable movements in early 1951. By 18th January the 
village had been cut off from vehicular access (Anon 1951a). 
By mid-February further movements had affected the whole 
section of land fronting the village, including the main 
bridle path to Bonchurch (Anon 1951b). At least one house 
was cracked and had to be evacuated. More movements in the
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area, and further evacuations, are reported a week later 
(Anon 1951c). It is alleged (Anon 1951b) that the movements, 
which amounted to a metre or so, were caused by unusually 
heavy rainfall. This explanation could also account for a 
further, smaller movement which took place here in December 
1960 (see also 7.2.1). Matthews (1977) reports small 
movements taking place since 1968 at about SZ 585799, which 
he attributes to a renewal of movement of the area affected 
in 1951. Hutchinson observed slight activity in a 
translational slide about 40 m wide, at about SZ 58377955, in 
September 1976. These kinds of instability are likened by 
the present writer to the processes active in the slopes of 
in situ Gault in the PM sector of the CJndercliff (see 7.1.3, 
7.1.8).

The prominent coastal cliffs, formed in the Carstone, 
Sandrock and Ferruginous Sands formations, resemble those at 
Blackgang (BR sector). Good accounts of the forms and 
processes occurring in the Luccombe area are presented by 
Matthews (1977) and Hutchinson (Reconn, in prep.).
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SYNOPSIS The paper draws attention to the power of seepage erosion to cause instability in
natural slopes. A 2 km length of actively retreating coastal cliffs, between 55 and 110 m high, in 
gently inclined Lower Cretaceous (Upper Aptian and Lower Albian) strata near Chale, Isle of Wight is 
examined. These cliffs exhibit a marked bench between a lower, sea cliff and an upper, rear scarp. 
The role of seepage erosion in forming this bench and the processes by which the resulting debris is 
moved across the bench into the sea are explored. The discussion centres around the lithological, 
structural and hydrogeological controls operating, the history of coast erosion and cliff recession, 
and the nature and mechanics of the mass movements taking place.

INTRODUCTION
The length of coast between Atherfield Point and 
Blackgang Chine (Fig.l) suffers a high rate of 
recession. This arises partly from the lithol
ogy and hydrogeology of these Lower Greensand 
cliffs and partly from their extreme exposure to 
Atlantic storms. When elucidating the strati
graphy, Fitton (1847) made some perceptive 
comments on the morphology and wastage of these 
cliffs but no subsequent work has been carried 
out. This paper reports the results of an ex
ploratory engineering geological and geotechnical 
study of the SE half of the above length, from 
Walpen Chine to Blackgang Chine (Figs.2-4), 
which will be referred to as Chale cliffs.

GEOLOGICAL AND HYDROGEOLOGICAL SETTING
Chale cliffs trend approximately NW-SE and rise 
in height towards the SE from about 55 m at 
Walpen Chine to 110 m at Blackgang Chine (Fig.3). 
They constitute essentially a dip section through 
the SE end of the Brixton anticlinal dome, which 
is situated largely offshore (White 1921). The 
apparent dip of the strata in the cliffs of 2 to 
2* to the SE is therefore close to the true dip, 
and the component of dip normal to the coastline 
is inappreciable. Apart from a thin capping of 
Quaternary deposits, the cliffs are composed 
largely of the upper two-thirds of the Lower 
Greensand (Lower Cretaceous). The lithology of 
these sediments consists generally of alternat
ions of rather weakly cemented sands with clayey 
sands and clays. This has led to the develop
ment of a number of perched water tables, 
probably sustained by infiltration into the out
crop of the Lower Greensand to landward, the 
presence of which is inferred from seepage lines 
in the cliff face. The more persistent of these 
are indicated in Fig.3. The existence of a res
ervoir of ground-water in the Lower Greensand 
here is indicated by a well in this formation at 
Pyle Farm, about 2 km N of the cliffs, which has 
a rest water level of + 43 m O.D.

Fig.l Key map: 1. Atherfield Point, 2. Chale 
village, 3. Blackgang Chine.

ORIGIN OF THE WALPEN UNDERCLIFF
The most striking feature of the Chale cliffs is 
the presence of a debris-covered bench (or "under
cliff", to use the local term) which separates a 
precipitous rear scarp from a steep sea cliff 
(Fig.5). This bench, known as the "Walpen Under- 
fcliff", descends concordantly with the dip of the 
strata from near the cliff top just SE of Walpen 
Chine to about beach level below Blackgang Chine 
(Fig.3)*. Its width increases fairly steadily 
from a few metres at its NW end to about 100 m 
at its SE limit (Fig.4). Particularly in the SE 
third of this length, subsidiary benches tend to 
develop in the rear scarp. Currently the most 
important of these extends from just NW of CS3 
to about CS4 (Fig.4): it is shown, partly devel
oped, in CS3. During the 19th century and the 
early part of the 20th, this and other subsidiary
*The NW extension of the length of cliff consid
ered here exhibits similar benches.
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Pig. 3 (upper). Geological elevation of the Lower Greensand in Chale cliffs. The scheme of Fitton (1847) is used, 
with later modifications by Casey (1961) and others:
Ferruginous Sands: VIII Upper Crioceras Group (14.0m), IX Walpen and Ladder Sand (12.8m), X Upper Gryphaea 
Group (4.9m), XI Cliff End Sand (8.5m), XII(40) Foliated Clay and Sand (7.6m), XII(41) "1st sandrock of Fitton" 
(3.0m), XIII Sands of Walpen Undercliff (24.1m), XIV Ferruginous Bands of Blackgang Chine (6.7m), XV(46) upper 
sandy clay (11.3m);
Sandrock Series: XV(47) "2nd sandrock of Fitton" (6.4m), XV(48) muddy sand and sandy mud (18.0m), XVI(49) "3rd 
sandrock of Fitton" (4.9m), XVI(50) fine yellow sands (8.5m), XVI(51) silty clay (6.7m), XVI(52) "4th sandrock 
of Fitton" (4.3m), XVI(53) yellow sands (5.5m), XVI{54) muddy sands (6.4m);
Carstone: C. ferruginous pebbly sands (3.7m);
Gault: G. P. indicates the Pleistocene capping.

Fig.4 (lower). Morphology of the Walpen Undercliff.
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higher benches were much more extensive and 
sufficiently stable to be built upon (Fig.5,CS4).

Fig.2 View SE to St Catherine's Point. In the 
foreground Chale cliffs and Blackgang 
village. Photographed 7th May 1978 (Cam
bridge University Collection: copyright 
reserved).

Fitton (1847) suggested that the benches in 
these cliffs are produced by the presence of 
certain less permeable beds within generally 
more pervious strata..."the water thus kept up 
carries off a part of the lower mass, undermin
ing that above; and the result is the production 
of a shelf or terrace, between two ranges of 
cliffs, one of them supporting 'the Undercliff', 
the second forming a remoter vertical face be
hind" . Fitton also observed that in the Walpen 
Undercliff the less permeable bed was provided 
by the clays of the Foliated Clay and Sand (Bed 
XII (40)). This still applies although the in 
situ bench surface, beneath the debris, is lo
cated generally only a few metres above the base 
of Bed XII, the upper half to two-thirds of this 
having been eroded away (Figs.3 & 5). It is more 
difficult to check that seepage erosion is taking 
place at the rear of this bench, back-sapping, 
undermining and bringing down the rearward cliff, 
as the seat of any such process is generally 
buried beneath metres of debris and located 
directly below an unstable cliff. Fortunately 
the stream in Walpan Chine has cut down about 
half-way into Bed XII (Fig.3). At this point 
seepage erosion was found in March 1980 to be 
active within a 60mm thick layer of fine sand 
in a laminated clay/sand series. This layer was 
located about 0.8m above the talweg of the stream, 
just in from the cliff face. Seepage erosion was 
then confined to the up-dip (NW) side of the

chine. This is doubtless the reason for the 
asymmetry of the chine, its NW side being the 
less steep. The fine sand being transported 
away by the outflowing groundwater and the res
ultant undermining of the superincumbent strata 
are shown in Fig.6. The grading curve for the 
eroding sand, which is similar to the curves for 
other such sands reported in the literature (e.g. 
Ward 1948, Masannat 1980), is given in Fig.7.

Fig.5 Cross sections CS1-4 with inferred slip
surfaces and former cliff profiles. (For 
stratigraphy see Fig.3).

Other factors consistent with the occurrence of 
this mechanism are:
1. The lithology of the cliffs, with clayey beds 
occurring within a generally sandy sequence, is 
predisposed to such a development.
2. The bench supporting the Walpen Undercliff is 
located within one such clayey bed, the Foliated 
Clay and Sand.
3. Along the top of the sea cliff, strong seep
ages of ground-water issue from beneath the 
debris of the undercliff along its contact with 
the underlying, clayey, bench surface.
4. A reservoir of ground-water at a sufficient 
head is available inland.
5. Much water is present towards the rear of the
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undercliff, particularly in its lower, SE parts.
6. Where the undercliffs are cut by deep chines, 
there is a tendency for a length of stable cliff 
to exist immediately down-dip from the chine, 
after which the undercliff reforms. This sugg
ests that drainage to the chines suppresses the 
seepage erosion on their down-dip sides (Fitton 
1847). Our own observations in Walpen Chine, 
described above, support this inference.
7. The alternative, and more general, mechanism 
of producing an undercliff, by deep-seated, 
usually multiple rotational slipping (Hutchinson 
1968),requires the presence of a cap-rock and a 
thick substratum of clay. Except where noted 
below, the latter is generally absent in the 
Walpen Undercliff and so this mechanism is in
hibited.

Fig.6 Erosion of fine sand in NW side of Walpen 
Chine. Undermining 0.18m, length of tool 
handle 0.46m.

PRESENT PROCESSES AFFECTING WALPEN UNDERCLIFF
It is convenient to discuss these processes 
under the following headings:
Sea Cliff
The in situ sea cliff declines from a height of 
around 35 m at A (Fig.3) to zero in the vicinity 
of C where the bench surface passes below beach 
level. It is formed by the middle part of the 
Ferruginous Sands. Further SE the sea cliff is 
composed of landslide debris which, as noted 
later, is considerably less resistant to marine 
erosion. This cliff is attacked by waves at 
most high tides. The available data on the pos
itions and rates of recession of the sea cliff 
since the mid-19th century, derived from the 
1:2500 Ordnance Survey maps, are shown in Fig.5.

The measurements for the in situ sea cliff (CS1 
& 2) indicate an average retreat of about 51 m 
in the 119 years from 1861-1980 (0.43 m/yr). The 
contrast between the rates of recession in 1861- 
1907 and 1907-80 is marked, these being respect
ively 0.21 m/yr and 0.57 m/yr.

Fig.7 Gradings of eroding sands from Walpen
Chine*, Newhaven, Sussex (Ward 1948); and 
Benson, Arizona (Masannat 1980).

Rear Scarp
In its NW length, the rear scarp has a relative
ly simple, precipitous profile. It rises in 
height from about 15 m near A to around 55 m at 
C and consists chiefly of the upper Ferruginous 
Sands and the lower Sandrock Series (Fig.3). In 
the remaining SE length, the height of the rear 
scarp rises to about 90 m, bringing in the rest 
of the Sandrock Series, the Carstone and the 
lowest part of the Gault. This renders its pro
file and modes of collapse correspondingly more 
complex.
As argued above, seepage erosion and back-sapping 
at about the level of the undercliff bench are 
probably the dominant processes bringing about 
rear scarp collapse and retreat. The degree of 
activity of these will be influenced by the rate 
of recession of the sea cliff, resulting from 
marine attack, if this is less than the corres
ponding rate of retreat of the rear scarp, the 
thickness of saturated debris at the rear of the 
widening undercliff will tend to build up, thus 
reducing the out-of-balance pore-pressures across 
the face of the eroding sand stratum and event
ually inhibiting further seepage erosion there, 
and vice versa. Seepage erosion at higher hori
zons , above the level of the rear of the under
cliff and thus little affected by the behaviour 
of the sea cliff, also contributes to some extent 
to the retreat of the rear scarp, particularly 
in its SE parts.
It is unlikely that all failures of the rear 
scarp stem from seepage erosion. Shallow debris 
slides occurring in less competent above more 
competent strata and falls of slabs of rock of 
the order of a metre thick which separate off 
from the parent mass are probably the result of 
weathering and stress relief. No toppling fail-
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ures have been seen in the Chale cliffs. Because 
of their generally weakly cemented nature the 
masses which fall from the rear scarp tend to 
disintegrate into a relatively fine scree. Thus, 
with the exception of a steep ridge of almost 
intact rock close to the SE end of the undercliff 
(Fig.4), there is a marked absence of slip blocks 
in the debris. The available data on the posi
tions of the rear scarp are shown in Fig.5.
These indicate that over the period 1861-1980, 
its recession averaged 48.4 m (0.41m/yr). Again, 
there is a marked difference between the rate of 
recession in the early part of this period, ave
raging 0.16 m/yr between 1861 and 1907, and that 
from 1907-80 which averaged 0.57 m/yr.
Undercliff
Evidence that the debris on the undercliff is 
moving seaward is provided by the patterns of 
scarps, fissures and side shears (Figs 2 & 4); 
the position of material, now halfway across 
the undercliff, that has fallen from the houses 
lost at the end of Chale Terrace; and the spill
age of debris, particularly during the winter, 
over the sea cliff onto the beach. From the 
attitude of the bench, one would expect the dir
ection of movement in the superincumbent debris 
to be inclined obliquely to the line of strike 
of the bench surface. That this is, indeed, the 
case is indicated by the scarp and fissure pat
terns in the undercliff debris and is reflected 
in the choice of section lines, particularly for 
CS1 and 2. Further evidence for this obliquity 
of movement is provided by the three notches (N1 
to N3, Figs 2 & 4) which have been cut in the sea 
cliff by localised stream erosion. A metre or 
two of the bench surface on the down-dip side of 
the notches is exposed, probably by wave action, 
while their up-dip sides are completely buried 
by debris.
On the Walpen Undercliff two main types of mass 
movement can be distinguished (Fig.5):
I - Strongly non-circular, compound slides with 
a horizontal sole following the bench surface, 
and affecting the whole width of the undercliff. 
II- Rotational slides, tangenting the bench sur
face, and affecting only the seaward margin of 
the undercliff.
These can be either slope or base failures (ind
icated by the suffixes S or B).
Slides of types IS and IIS are generally present 
from A to about C. The length from C to D is a 
transition zone, while between D and E worn down, 
back-tilted blocks of dark clay (probably part of 
stratum XII) may be seen in the beach (Figs 4 & 
5), indicating that slides of types IB, and pro
bably IIB, have taken place there. This SE end 
is thus distinct from the rest of the undercliff 
in having a strong component of deep-seated land
slipping. This arises largely because the stress 
levels and pore-pressures are high enough there 
to induce such landslips in this predominantly 
clayey stratum, despite its being strong enough 
to resist such failures under the lower stresses 
which obtain to the NW. Shallow mudslides may 
develop in the SE part of the undercliff where 
there is both more water and stronger toe eros
ion.
The degree of stability of the undercliff tends 
generally to decrease from the vegetated length, 
A-B, towards the SE. This reflects the increase 
in height and instability of the rear scarp, the

greater amount of ground and surface water and 
the stronger erosion of the slide toes especial
ly between C and E, where the debris is no longer 
protected from marine attack by a resistant sea 
cliff. The resulting shallow bay cut in the 
slide debris there is well seen in Fig.4. 
Exceptions to the above trend are the deep-seated 
base failures between D & E. When seen in the 
spring and summer of 1980 these were evidently 
worn down, partly by streams and mudslides and 
partly by marine attack, and currently inactive.
Stability analyses, using the method of Morgen- 
stern and Price,have been carried out on nearly 
all the type I and type II landslides shown in 
Fig.5, assuming the slip surfaces to be at resi
dual. The calculations were made for three 
different assumptions as to the value of ru ; 
a) ru=0, b) ru=0.5 and c) as for b) except at the 
rear of the undercliff where an undrained load
ing (UDL), with B=1.0, is taken. The back- 
analysis results are given in Fig.8 where the 
results of drained residual ring shear tests 
carried out in a Bromhead apparatus are also 
shown. The clay sample used was taken from a 
clayey facies of the Foliated Clay & Sand in 
Walpen Chine. These results confirm that slide 
types I and II can be expected to be active on 
CS1 to 3 whenever ru in the debris is greater 
than about 0.25, even without the further effect 
of undrained loading. The results for CS4 are 
consistent with the field indications that the 
type IB & IIB slides there are currently inactive.

Fig.8 Stability analyses of sections CS1-4 with 
ring shear residual data (on clay of ui=2 5, 
ojl =63, wp=31, fraction <2ym=31%)

An important feature of the rear of the under
cliff is an irregular linear depression which 
runs along most of its length. This is occupied 
by several ponds, and is followed by some of the 
streams which traverse the undercliff (Figs 4 &
5, CS2). Counterscarps a few decimetres high 
run along much of its seaward margin. In view 
of the shape of the type I slides, the feature 
is probably a landslide graben. It has been mod
ified however and possibly deepened in places by 
stream erosion. The counterscarps are probably 
connected with the graben, but in some cases 
they may reflect shallow slides moving in a land
ward direction into the associated streams. By 
this mechanism, by direct fluvial erosion and by 
irrigating the mudslides, the streams are prob
ably responsible for moving a significant volume 
of debris across the bench into the sea.
The more intense erosion this century was accom
panied by the destruction of several major inter
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mediate undercliffs. Thus, on CS3 (Fig.5), 
there were four undercliffs in 1907, the highest 
of which was built upon. The lowest of these 
undercliffs corresponded to the horizon of the 
present one. By 1980 the intermediate ones had 
been consumed by the development of the lowest 
one, apart from a small remnant of the uppermost. 
Similar trends can also be seen on CS2. Cliff 
development of this nature is probably character
istic of a situation where the dominant mass was
ting process is seepage erosion associated with 
the lowest undercliff. Finally it is noted 
that the sea cliff and the rear scarp have gen
erally been retreating at different rates, rather 
than in a steady state fashion. The present data 
do not allow firm conclusions to be drawn.
There may be a tendency in the NW length, where 
the sea cliff is in situ and seepage erosion is 
the dominant process in the rear scarp, for the 
latter to have retreated faster than the former, 
while further SE, where the sea cliff is cut in
to slide debris and seepage erosion is accompan
ied by deep-seated base failures, the reverse 
seems to apply.

CONCLUSIONS
1. Seepage erosion in fine sand layers within 
the Foliated Clay and Sand stratum of the 
Ferruginous Sands is the main factor causing 
collapse of the superincumbent rear scarp and 
hence in the formation of the Walpen Undercliff.
2. The resultant debris moves, generally, obli
quely, across the undercliff bench by compound 
slides embracing the whole width of the under
cliff and by rotational slides in its seaward 
margin. Some debris is also transported across 
the undercliff by mudslides and by stream action.
3. The sole of the compound slides is inferred , 
to follow a clayey layer of the Foliated Clay 
and Sands.
4. Analyses indicate that Mie inferred sliding 
of the debris will occur wh.-sn the ru value ex
ceeds about 0.25. Undrained loading, although 
likely to be assisting the movements, is not a 
pre-requisite for these.
5. At the SE end of the length, where the cliffs 
are higher and the bench surface has dipped 
below sea level, the continuity of the bench is 
broken by deep-seated base failures.
6. Rates of recession have increased about three
fold from the 19th to the 20th century and the 
sea cliff and the rear scarp generally retreat
at different rates. Where seepage erosion is 
active in the rear scarp, this retreats the 
faster.
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