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Patterns of movement in the Ventnor landslide
complex, Isle of Wight, southern England

Abstract The patterns of ground movement were monitored with-
in a large, deep-seated landslide complex at Ventnor in southern
England, between May 1998 and June 2002 using automated
crackmeters, settlement cells and vibrating wire piezometers. It
was found that the landslide maintains a state of marginal insta-
bility, such that it is subject to continual very slow deformation.
Movement is primarily on a low-angled basal shear surface at
>90m depth. The movement record shows a series of distinct
deformation patterns that vary as groundwater conditions change.
Continuous slow deformation occurs across the landslide complex
at rates of between 5 and 10mm/year. The background pattern of
movement does not appear to correlate with local porewater
pressure. Periods of more rapid movement (reaching up to c.
34mm/year during the monitoring period) were associated with a
period of elevated groundwater, although the relationship between
movement rate and porewater pressure was complex. The patterns
of movement and the landslide geometry suggest that the likeli-
hood of a rapid, catastrophic failure is low. Future episodes of
faster movement are likely during periods when porewater pres-
sures at the basal shear surface are elevated above a critical
threshold. Whilst the resulting surface deformation damages the
town, it is unlikely to occur rapidly without significant changes to
the landslide hydrogeology or the stress state within the landslide.
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Introduction
In recent years, a key area of landslide research has been behav-
iour forecasting and, in some cases, behaviour prediction, based
upon a better understanding of mass movement mechanisms and
processes (e.g. Corominas et al. 2009; Du et al. 2013). In principle,
such approaches provide powerful tools in managing landslide
risk, and there have been notable successes in which failure pre-
diction has increased safety, especially in high-wall open-pit mines
(e.g. Pankow et al. 2014). Advances have been made in the analysis
of remotely sensed imagery, such as high-resolution satellite tech-
nology (e.g. Quickbird and Ikonos images) and satellite radar
interferometry (InSAR), which have improved landslide-
monitoring capability (Yin et al. 2010; Petley 2012). Whilst these
tools allow the generation of high-resolution displacement
datasets with high spatial resolution (Casagli et al. 2010 for exam-
ple), there are few studies concentrating on the development of
techniques to analyse the movement patterns. Such studies have
shown potential, in some instances, to be developed into forecast-
ing methodologies (e.g. Saito 1965, 1980; Fukuzono 1990; Petley
et al. 2002; Massey et al. 2013), but beyond high-wall mining,
reliable behaviour forecasting and failure prediction will only be
possible if the underlying controls on observed movement pat-
terns are understood. Thus, there is a need for more studies of
patterns of movements and their relationship to controlling pa-
rameters such as groundwater level and the properties of the
failing materials.

This paper examines the spatial and temporal patterns of
movement in a deep-seated landslide complex at Ventnor in
southern England (Fig. 1), which is subject to long-term, slow
ground movement. It analyses the results of a high-resolution
landslide-monitoring dataset collected between 1998 and 2002 in
order to better understand the nature of movements in such a
deep-seated landslide and the controls of that movement. The
Ventnor landslide (Figs. 1c and 2) underlies the town of Ventnor
with a population of about 6000 people; it has houses, schools,
shops, roads and other infrastructure on and around it. Although
displacement rates are slow, movement has caused significant
damage to property and infrastructure. The landslide has been
subject to measures to manage the hazard for a long time; the cost
of these measures was estimated to exceed £3 million per annum a
decade ago (McInnes 2000). Behaviour forecasting and prediction,
for this landslide, is critically important with regard to life safety
evaluation, economic damage and the assessment of the benefits
of possible future mitigation strategies.

The Ventnor landslide
The coastal area of the Isle of Wight known locally as ‘The
Undercliff’ is one of the largest landslide complexes in the British
I s l e s (F ig . 1 c ) . A rev i ew o f lands l id ing in the UK
(Geomorphological Services 1987) identified The Undercliff as
the largest urban area affected by landsliding in Britain, and it
has been the subject of investigation for several decades (e.g.
Chandler 1984; Hutchinson et al. 1991; Lee and Moore 1991; Moore
et al. 1995, 2007a, b; Hutchinson and Bromhead 2002). Whilst the
actual date of the original Undercliff landslides remains unknown
(Moore et al. 2007b), an outline of its late Quaternary history is
provided in a number of previous studies (Hutchinson 1987; Lee
and Moore 1991). These studies have postulated that the landslide
system is likely to have initiated south of the present shoreline on
the dip slope on the Upper and Lower Cretaceous strata which
extends to St Catherine’s Deep approximately 2.8 km offshore
(Hutchinson and Bromhead 2002). These studies suggest that the
coastal landslides along The Undercliff would have been in place
during the Late glacial interstadial, around 11,300–12,100 years BP.

The Ventnor landsl ide , a sub-component of The
Undercliff, is located on the south coast of the Isle of Wight,
just off the southern coast of England (Fig. 1) at 50.594441°
lat, −1.211538° long. It has a total onshore area of 0.7 km2 of
unstable ground (Fig. 2): the length from crown to toe is
1045 m and the maximum width is 563 m, spanning an
elevation range of approximately 135 m from the crown to
the current shoreline before extending offshore below sea
level.

Moore et al. (2007b) proposed an evolutionary model to ac-
count for the formation of the Ventnor landslide system from the
Holocene to the current day. The model assumes that at around
13,000 years BP, the landslide toe lay seaward of its current loca-
tion having migrated north of its initiation point at St Catherine’s
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Deep (Hutchinson and Bromhead 2002). The model suggests that
further retrogression of the landslide complex would have oc-
curred in response to rising sea levels and periods when ground-
water levels were elevated sufficiently in the coastal slopes. Under
these conditions, continued retrogression of the landslide is most
likely to have occurred as a series of multiple rotational block
failures. This process has continued landward to its current posi-
tion. The most recent landslide activity has occurred in Upper
Ventnor over the last 100 years and has manifested in the devel-
opment of the Lowtherville graben (Fig. 2).

Whilst a number of uncertainties remain, the evolutionary model
indicates that present-day landslide movement is most likely triggered
by rainfall and groundwater fluctuations rather than coastal or off-
shore processes which have been significantly reduced by the con-
struction of cliff protection measures. Detailed geomorphological
mapping (Lee and Moore 1991) and structural damage surveys of the
buildings have informed two ground investigations at Ventnor
(Halcrow 2006) which were funded by the Isle of Wight Council.

Included in the ground investigations were five deep rotary and
open-cored boreholes, accompanied by engineering and geophysical
logging of materials; laboratory-based testing of samples; and instal-
lation of subsurface inclinometers and standpipe piezometers (Fig. 2).

Geomorphology and damage records
The key geomorphological features of the Ventnor landslide com-
plex (Fig. 3) comprise:

& The Chalk Downs (A) (a low-altitude upland area), located
landward to the north of the main landslide complex. The area
is largely unaffected by instability but is an important source of
groundwater for the landslide.

& The Lowtherville graben (B), a 450 m by 20 m depression
formed from Upper Greensand and Chalk, located at the up-
slope margin of the upper tier landslide units. This feature is
sharply defined by two parallel tension scarps that are subject

Fig. 1 a–c Site location of the Ventnor landslide in relation to The Undercliff on the south coast of the Isle of Wight (LiDAR data courtesy of Channel Coastal Observatory)
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to ongoing differential horizontal and vertical movement, such
that the graben continues to develop. The graben is the present
crown of the landslide and, thus, the landward extent of cur-
rent movement (Moore et al. 2010).

& An upper landslide section (C) of a number of rotational
landslide blocks of Upper Greensand and Chalk, which ac-
count for the presence of shore-parallel benches separated by
steep scarp slopes.

& A low-lying depression landward of the compound slide (D),
containing an infilling of Chalk debris.

& A lower landslide section of compound slides (E), comprising a
shore-parallel linear ridge of displaced Chalk debris about
500 m wide and 20 m high.

The relationship between building damage and the geomor-
phology (Fig. 3) indicates that the most severe damage in historical
times has occurred within the Lowtherville graben. This damage
indicates ongoing landslide displacement and has continued at the
graben to the present day (Fig. 3, P1). Observations of ground
deformation generally follow periods of prolonged rainfall (e.g.
the wet winter of 2012) resulting in the need for continued main-
tenance of the Newport Road (Anonymous 2013). The damage
further shows the lateral shear between two distinct landslide
units, which extends seaward from the graben in Upper Ventnor
to the west of Bath Road (Fig. 3, P2). Less severe damage is

concentrated along the edges of separate landslide blocks in Upper
Ventnor and along Ventnor Park Road in Lower Ventnor (Fig. 3).

Landslide ground model
A ground model for the Ventnor landslide, developed by Halcrow
(2006) (Fig. 4), shows a deep-seated landslide. Borehole data
confirmed that movement occurs on a clearly defined basal shear
surface at a depth of about 95 m below ground level and extends
offshore. The basal shear surface is located at the base of the Gault
Clay formation in Upper Ventnor and between the contact of the
displaced Gault Clay and Sandrock Unit 2d further downslope.
Groundwater monitoring indicates that the sand-rich horizons of
the Sandrock (notably units 2a, 2c and 2e), the Upper Greensand,
the Lower Chalk and the chalk debris are more permeable (and
water bearing) than the clay-rich units of the Gault Clay and
Sandrock. This gives rise to four distinct saturated zones, GWT1–
4 (Moore et al. 2010). Three of the groundwater tables are specif-
ically significant to the landslide (Fig. 4):

& GWT1 is a perched aquifer within the Upper Greensand, which
is recharged by rainfall percolating through the porous cap-
rocks of the Chalk Downs. It is vertically separated from the
lower aquifers by relatively impermeable Gault Clay.

& GWT2 is a confined aquifer within the Carstone and Sandrock
2c, sandwiched between the Gault Clay and the underlying
Sandrock unit 2d.

Fig. 2 Map of the Ventnor landslide and ground investigation locations (aerial photograph courtesy of Channel Coastal Observatory)
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& GWT3 is a confined aquifer within Sandrock unit 2c,
sandwiched between Sandrock clay units 2b and 2d. GWT3
discharges to the sea about 20 m below sea level.

On a regional scale, these confined aquifers drain out of the
Chalk Downs towards The Undercliff, following the regional dip of

the strata to the SSE, and as a consequence, artesian pressures can
develop.

Displacements measured over the last 26 years (Table 1) show
that the majority of sites across the landslide have been moving at
rates in the range 0 to 6 mm/year (Moore et al. 2007a). In all
studies, the greatest rates of movement have been recorded in the
area of the Lowtherville graben, which is consistent with the

Fig. 3 The spatial distribution of damage in relation to landslide geomorphology, mapped by Geomorphological Service Limited (1991) and modified from Moore et al.
(2010): (P1) the Lowtherville graben photographed in 2005, (P2) damage recorded at Bath Road during ground movement in 1960 (reproduced from Moore et al. 2007a)

Original Paper

Landslides 12 & (2015)1110



distribution of damage across the town (Fig. 3). Whilst this sug-
gests that the crown of the landslide is subject to greater current
displacements than is the lower landslide block, inclinometer data
(Table 2) indicates that movement in Ventnor Park (BH4I) is
greater. This provides evidence that landslide movement occurs
throughout the complex although with higher local surface strain
rates in the headscarp area.

Monitoring approach
As noted above, Ventnor has been subject to the collection of
ground movement and groundwater data from various locations
across the landslide (Table 3), using techniques that include auto-
mated standpipe piezometers and crackmeters, differential GPS
surveys and manually measured standpipe piezometers and incli-
nometers (Fig. 5).

Vibrating wire crackmeter records are available from 1992
to 2002. Two crackmeters were installed within the
Lowtherville graben and additional crackmeters were installed
at Bath Road and the Winter Gardens in Lower Ventnor
(Fig. 5). The instruments were installed using a standard
methodology (Dunnicliff 1993). Each instrument was buried
within shallow excavations and anchored to the ground on
either side of the crack at both the transducer and connecting
rod ends of the crackmeter. The sensors were connected to an
automated data logger which collected measurements of crack
extension at three-hourly intervals, providing a record of
horizontal crack opening, including periods of accelerating
and decelerating opening.

Vibrating wire settlement cells were installed at the site in
1992 to measure relative vertical deformation. The two settle-
ment cells were installed within the Lowtherville graben and a
further cell was installed at Bath Road in Lower Ventnor
(Fig. 5). Pressure transducers were buried within shallow pits
alongside a liquid reservoir. As the ground settled, the pres-
sure exerted in the liquid column was converted to a mea-
surement of settlement and automatically recorded by a data
logger.

The movement records at the Lowtherville graben have
been analysed in relation to groundwater monitoring data
collected from vibrating wire piezometers installed at a range
of depths at the Winter Gardens in Lower Ventnor 1995
(Fig. 5). The piezometers recorded groundwater level between
1995 and 2002 at three-hourly intervals.

The equipment yielded mostly high-quality data, although
equipment reliability resulted in some data gaps. This study fo-
cuses on the period May 1998 to October 2002 inclusive, when the
most reliable data were collected.

The ground movement and groundwater data have been
analysed in relation to the rainfall data collected at the
Ventnor Park weather station (Figs. 5 and 6). The weather
station recorded daily rainfall , temperature, evapo-
transpiration and wind conditions, which allowed the analysis
of total daily, total monthly and effective rainfall over the
∼4.5 year study period.

Fig. 4 The Ventnor landslide ground model (based on Halcrow 2006)

Table 1 Ventnor historical ground movement records (Moore et al. 2007a)

Location Monitoring
period

Movement
rate (mm/year)

Newport Road 1982–1983a 19.7 to 39

Newport Road 1988 28

Newport Road 1995–2009 6.4 (crack extension)

– – 33.2 (settlement)

Lowtherville graben 1982–1983 26.9 to 29.9

Lower Gill’s Cliff Road 1982–1983 8 to 16.5

Ocean View Road 1982–1983 6

Bath Road 1982–1983 0

Bath Road 1988b 0 to 2

Bath Road 1995–2009c −0.06 (crack closure)

22 (settlement) – –

Esplanade 1949–1988 20 (heave)

a After Chandler (1984)
b After Woodruff (1986)
c Council records
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Patterns of landslide behaviour at Ventnor
Crack-opening data are available for 1626 days from 07 May 1998
to 19 October 2002, during which the crack at crackmeter C1
opened 34.36 mm (Fig. 6), giving an average opening rate of
0.021 mm/day (7.71 mm/year). The temporal pattern of opening
was variable and can be divided into three phases.

& Phase 1: From the start of monitoring on 07 May 1998 until 30
November 2000, the crack opened at an approximately con-
stant rate of 0.021±0.016 mm/day (∼7.71 mm/year).

& Phase 2: From about 1 December 2000, the crack-opening rate
increased substantially to an average of 0.094±0.027 mm/day
(∼34.38 mm/year). This rate was sustained until about 25
March 2001, when the rate of opening reduced.

& Phase 3: From 26 March 2001 until the end of the monitoring
period on 19 October 2002, a slow rate of opening was ob-
served that varied about an average of 0.0092±0.083 mm/day
(∼3.35 mm/year).

Almost identical patterns of opening are seen at both
crackmeters which were located 38 m apart from each other.

A similar temporal pattern is also seen in settlement cell SC1
although the other settlement cell (SC2) has a notably different
pattern (Fig. 6). In the latter case, the phase 2 period is not
observed; instead the graben settlement appears to have oc-
curred in a series of irregularly spaced steps. However, there is
much noise in this dataset, and the inference may not be
correct.

Figure 7 depicts histograms of the daily opening rates for
the three phases for crackmeter C1. These suggest that statis-
tically the three phases are distinctly different. The faster
movement phase (phase 2; Fig. 7b) shows a distribution with
a slightly negative skew (−0.12) and a negative kurtosis
(−0.31). Phase 1 has a positive skew (0.329) and a neutral
kurtosis (−0.080). Phase 3 has a negative skew (−0.44) and
a strong positive kurtosis (15.65). It is perhaps surprising that
phases 1 and 3 are so distinctly different, perhaps suggesting
that after a faster opening event (phase 2), it takes some time
for stress changes in the landslide to settle and allow a long-
term slow opening pattern to re-establish.

Much less difference between the three periods is seen in
the settlement cell data (Fig. 8), despite the greater magni-
tudes of change, suggesting that settlement cells provide a less
effective monitoring tool than the crackmeters. This is likely
to be a reflection of the nature of movement of the graben.
The crackmeters more directly measure the primary move-
ment mechanism—extension of the landslide due to spatially
faster movement of the blocks on the lower part of the slope.
The settlement cells may measure a response to this
movement—settlement of the graben block—which is likely
to be less responsive and more complex than the landslide
extension measured by the crackmeters.

An accelerated crack-opening phase was recognised as oc-
curring when the mean daily opening rate, calculated from a
5 day running mean, exceeded a threshold rate of 0.05 mm/
day. The period of faster opening (phase 2) (Fig. 9a), in which
the majority of measured opening occurred, was a response to
a period of unusually high precipitation (Fig. 9b). The period
of wet weather started with a rainfall of 4.6 mm on 12
September 2000. This generated a pore pressure response that
started on about 19 September 2000 (a lag of 7 days) although
the rapid increase in pore pressure did not start until 11
October 2001, suggesting a lag of about 29 days (Fig. 9c).
The rate of crack opening on the landslide started to increase

Table 2 Summary of inclinometer data 2002 to 2008

Date Measured displacement (mm)
BH2 (Upper Ventnor) BH4I (Lower Ventnor)
Depth Depth
93 m bgl 76 m bgl

2002–2003 15 –

2003–2004 9 –

2004–2005 9 –

2005–2006 7 9

2006–2007 0 14

2007–2008 8 9

Total 48 32

Annual rate
(2002–2008)

8.0 –

Annual rate
(2005–2008)

5.0 10.7

Table 3 Summary of landslide-monitoring instruments, Ventnor

Installation No. of instruments Locations Monitoring period

Vibrating wire crackmeter 3 Bath Road 1995–2004

Newport Road Bath 1995–2002

Road 1995–2004

Vibrating wire settlement cell 4 Newport Road 1995–2004

Winter Gardens

Vibrating wire piezometer 2 Winter Gardens 1992–2004

Manual inclinometers 2 BH2 2002–2008

Annual movement marker survey 57 BH4I 2005–2008

Ventnor Town 2003–2008
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as an immediate response to the elevated pore pressure,
although the movement threshold for accelerated crack open-
ing (0.05 mm/day) was not reached until 1 December 2001.
The accelerating part of the faster opening phase lasted about
30 days (Fig. 9c).

Porewater pressure peaked on 19 December 2000, whilst
the peak opening rate for this initial phase of faster move-
ment occurred shortly before, on about 16 December 2000.
The initial acceleration part of the phase 2 event is highly
non-linear with respect to porewater pressure although most
of the increases in movement occur at generally higher pore
pressures.

Through the first 4 months of 2001, the porewater pressure
remained high, although it fluctuated considerably in response
to precipitation (Fig. 9b, c). In February 2001, slightly lower
precipitation resulted in a reduction in pore pressure and the
crack-opening rate reduced. However, a renewed spell of pre-
cipitation in March led to an increase in porewater pressures
once more, and the rate of opening of the cracks increased.
The highest opening rate in the period was recorded on 8
March 2001 as porewater pressures also peaked in this latter
stage of the enhanced movement phase on 6 March 2001;
thereafter, the opening rate rapidly reduced as porewater pres-
sure fell. Figure 7a suggests that this is an almost instant
response to the end of the spell of increased precipitation,
which was marked by a 15.6 mm rainfall event on 6 March
2001. The crack-opening rate declined below the threshold
value on 0.05 mm/day on 26 April 2001 (49 days after the
peak) and to background levels on about 26 May 2001. At this

Fig. 5 Location of site monitoring instruments

Fig. 6 Horizontal and vertical displacement measured between 07 May 1998 and
19 October 2002 at crackmeters and settlement cells in the Lowtherville graben
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time, the porewater pressure was still above its background
level (Fig. 9c).

Over the same period, a similar analysis for the settlement
cells does not distinguish the phase of increased deformation
rate (Fig. 9d). This is partly because the data are noisy.
However, even when the data are smoothed, a similar period
of increased deformation rate is not identifiable.

Whilst the relationship between deformation and ground-
water level appears comparatively simple, the Ventnor land-
slide demonstrates a more complicated relationship between
deformation and precipitation (Fig. 10). The highest daily
precipitations were in September and early October 2000,
but the landslide did not respond then. The period from
October to late December 2000 had more frequent daily
precipitation, but peak daily totals were smaller. It is this
relatively prolonged period of precipitation input that appears
to have driven a rapid increase in groundwater level and,
thus, the accelerated movement event.

It is inferred from Fig. 10 that porewater pressure controls
the movement of the landslide, especially when porewater
pressures increase (Fig. 11a) in response to increased precip-
itation. The deformation initially showed only a small re-
sponse, but a threshold appears to have been passed at a
pore pressure of about 107 kPa, beyond which the landslide
deformation increased significantly (Fig. 11a). However, once
pore pressures had peaked, the relationship between

deformation and pore pressure became more complicated
(Fig. 11b).

The patterns of deformation in phases 1 and 3 are also
complicated. Figure 12 shows the displacement at crackmeter 1
against time during phase 1, together with the average defor-
mation during this phase and the local pore pressure. Inter-
pretation of the data is confounded by data gaps due to
equipment failure, but the measured deformations are similar
to the long-term deformation for the period until about Jan-
uary 1999, after which the deformation rate increased and
remained at an elevated level for about 14 months. This long
period of increased deformation rate appears to have been
initiated by high pore pressures in January 1999, but defor-
mation rate remained high even as porewater pressure re-
duced. However, in March 2001, the faster deformation
slowed as porewater pressure fell.

The deformation recorded by the settlement cells show a
different pattern for the same period (Fig. 13). Vertical defor-
mation appears to have varied seasonally, with higher rates in
winter and spring (December to April) than in summer and
autumn (May to November). Porewater pressure does not
follow this pattern.

Discussion
Monitoring of the surface deformation pattern on the Ventnor
landslide has provided insights into the ongoing evolution of

Fig. 7 Histograms of ground movement phases recorded at crackmeter 1 in the Lowtherville graben. a Phase 1: between 07 May 1998 and 30 November 2000; b phase 2:
between 1 December 2000 and 25 March 2001; c phase 3: between 26 March 2001 and 19 October 2002
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this landslide complex. A continuous very slow background
deformation is observed, which suggest that the landslide com-
plex is subject to continuous ground movement at 5–10 mm/
year. The background pattern is complicated and does not
appear to correlate with local porewater pressure. This is sim-
ilar to the observations on the large Utiku landslide in New
Zealand by Massey et al. (2013). The explanation for this is
unclear—it could be that the landslide responds to porewater
trends over the whole of the mass, which may not be captured
by the monitoring data reported here, or to some other factor
(e.g. porewater chemistry; Moore and Brunsden 1996) that has
not been investigated. An alternative explanation may be that
the landslide displays ‘stick-slip’ behaviour (e.g. Petley et al.
2005a, b; Allison and Brunsden 1990). The exact causal mech-
anism of this movement remains to be fully understood.

A pattern of seasonal settlement and uplift is observed at
settlement cells SC03, SC06 and SC11. Similar uplift and set-
tlement cycles have been detected at other landslide sites (e.g.
Zhou et al. 2010; Massey et al. 2013) and linked to drying and
wetting causing changes in soil moisture and local volumetric
soil shrinkage and swelling. In previous studies, these effects
have been shown to occur at shallow depths around the

settlement cell and, therefore, are not the result of landslide
movement and they are not controlled by porewater pressure
at depth.

A distinct period of increased deformation rate was recorded at
the Lowtherville graben. This period of faster ground deformation
was controlled by increased porewater pressures and was consis-
tent with the graded movement patterns previously observed at
other landslide sites (e.g. Petley et al. 2002, 2005a; Moore and
Brunsden 1996; Allison and Brunsden 1990) and in laboratory
studies on material deformation (Ng and Petley 2009). During
the main period of increase in porewater pressure, there was a
notable but non-linear rise in deformation rate, especially above a
threshold of 107 kPa. However, once faster deformation was oc-
curring, the relationship with porewater pressure was not simple.
A reason for this is unclear, but we suggest that the local defor-
mation may respond primarily to porewater pressures and move-
ment across the entire landslide mass rather than that occurring
locally. The consequence of this is that the correlation with mea-
sured short-term precipitation is poor.

During slowing of the deformation, there is a quick re-
sponse as porewater pressures reduce. Ground deformation
then returns to a slow background deformation as porewater

Fig. 8 Histograms of ground movement phases recorded at settlement cell 4 in the Lowtherville graben. a Phase 1: between 07 May 1998 and 30 November 2000; (b)
phase 2: between 1 December 2000 and 25 March 2001; c phase 3: between 26 March 2001 and 19 October 2002

Landslides 12 & (2015) 1115



pressures drop below 107 kPa. Below this threshold, changes
in porewater pressure are not reflected in changes in defor-
mation rate, suggesting that the movement mechanism is
different. A similar change in deformation mechanism is ob-

served in other landslides (Allison and Brunsden 1990; Massey
et al. 2013) and in laboratory studies (Ng and Petley 2009).

The movement pattern in the graben reveals marked dif-
ferences in the timing and amount of vertical and horizontal
deformation in the landslide. Specifically, the response of the
graben initially is extension, presumably associated with
movement along the basal landslide shear surface, which
generates mostly horizontal deformation. The relationship of
the basal sliding movement to porewater pressure is strong.
In response to extension, the settlement cells measure the
vertical deformation of graben. This movement response is
consistent with graben behaviour at the rear of a deep-
seated landslide where the dominant movement is translation-
al (Massey et al. 2013). In addition, it demonstrates that an
understanding of the types of landslide process operating at a
site is essential to ensure that effective slope monitoring
systems are installed to measure ground movement behaviour.

The landslide movement behaviour at Ventnor indicates
that the deformation is not brittle, primarily because move-
ment is occurring as slow slip on a well-developed basal shear
surface along which a large strain has developed (Petley et al.
2005a). There is no evidence of movement patterns that
would indicate a progressively developing failure against the
criteria identified in Petley et al. (2005b). Thus, catastrophic
failure, as observed in many first-time landslides in brittle

Fig. 9 Ground movement behaviour during the enhanced movement phase (phase 2) in the Lowtherville graben. a Cumulative vertical and horizontal displacement. b
Cumulative precipitation. c Horizontal displacement rate in relation to porewater pressure. d Vertical displacement rate in relation to porewater pressure

Fig. 10 Relationship between horizontal displacement rate and daily rainfall
during the enhanced movement phase (phase 2) in the Lowtherville graben

Original Paper

Landslides 12 & (2015)1116



materials (Petley et al. 2002), is unlikely without a profound
change in groundwater conditions or in the stress state
(through, for example, the removal of a toe block).

The relationship between deformation rate and groundwa-
ter level indicates that slow creep of the landslide is likely to
continue, with periods of faster deformation when porewater
pressures exceed the 107 kPa threshold. Such movement is
likely to continue to be damaging to property and infrastruc-
ture in Ventnor.

Conclusions
The Ventnor landslide complex is currently in a state of
marginal instability and, as a consequence, is subject to con-
tinued, very slow deformation. The landslide shows two key
patterns of movement—slow continual deformation and more
rapid deformation when a porewater pressure threshold is
exceeded. The main movement mechanism is sliding on a
low-angle basal shear surface at >90 m depth; the landslide
mass overlying this is a series of back-tilted blocks and highly
deformed grabens.

Vertical deformation within the Lowtherville graben is
more complicated than its horizontal deformation. Faster ver-
tical deformation occurs following extension of the graben. In
addition, the vertical deformation shows a seasonal compo-
nent that may be associated with winter wetting and summer
drying. We suggest that in the case of Ventnor at least,
settlement cells are not the optimum approach for analysing
long-term deformation patterns; this may apply to other sim-
ilar landslides.

Under current conditions, the likelihood of a rapid, cata-
strophic failure is considered to be low. Future ground defor-
mation is therefore likely to occur faster during periods when
porewater pressures at the landslide shear surface are elevated
above the 107 kPa critical threshold. In such instances, move-
ment is likely to occur as periods of faster ground deformation
which, whilst being damaging for the town, are unlikely to
develop into large, rapid ground displacements without large
changes to the landslide hydrogeology or stress state.

Fig. 11 Relationship between ground movement rate and porewater pressure during the enhanced movement phase (phase 2) in the Lowtherville graben: a acceleration
phase, b deceleration phase

Fig. 12 Relationship between patterns of horizontal ground movement during
phase 1, recorded at crackmeter 1 in the Lowtherville graben, and porewater
pressure

Fig. 13 Relationship between patterns of vertical ground movement during phase
1, recorded at settlement cell 4 in the Lowtherville graben, and porewater pressure
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