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Abstract 
The Chevin escarpment is noted for its exposed sandstone and gritstone edges along its crest, with large complex 
landslides affecting 4km2 of the north-facing upper, middle and lower valley side slopes. The distribution and 
morphology of the Chevin landslide complexes are described in relation to their geology, geomorphology and 
hydrogeology. Large rotational landslides are prominent mass movement features on the upper and middle 
slopes, while mudslides and mudflows are present on the lower slopes. Factors responsible for landslide 
development include deglacial unloading, paraglacial stress-release processes and the reservoir principle of 
mass movement. The hydrogeological setting provides an ideal case for the application of the reservoir principle 
of mass movement. The north-facing scarp slopes have been affected by postglacial landsliding and are 
dominated by the geological structure of jointed gritstone/sandstone strata capping the escarpment crest (the 
reservoir), underlain by weaker and less permeable mudstones and shales where the large landslides have 
developed. The current state of stability of the deep-seated rotational landslides which reside on the upper and 
middle slopes and the mudslide/mudflow complexes located on the lower slopes is discussed in relation to 
climate change. 
 
Otley Chevin 
Otley Chevin (OS Grid Ref. SE204 442) is a steep escarpment located on the north-facing slopes of a 5km east-
west trending ridge which overlooks the historic market town of Otley in mid Wharfedale, West Yorkshire, UK. 
The Chevin has attracted geological interest, notably for the exposed gritstone crags and fallen Millstone Grit 
blocks of Upper Carboniferous age at the summit and higher slopes and the large landslide complexes which 
affect approximately 4km2 of the upper and middle north-facing valley side slopes between Otley and Pool Bank. 
There are many large deep-seated rotational landslides; one of the largest located above Otley is known as Great 
Dib. The Chevin landslide complexes are described in relation to their geology, geomorphology and 
hydrogeology. The factors responsible for their development are discussed, particularly, the deglacial unloading 
and paraglacial stress-release processes affecting the less competent mudstone strata forming the lower valley 
slopes and the reservoir principle of mass movement. The hydrogeological setting of Otley Chevin provides an 
ideal case for the application of the reservoir principle of mass movement, which was developed by the Institute 
of Geological Sciences now (British Geological Survey) following studies of landslides in sedimentary and glacially 
derived material. The north-facing scarp slopes of the Chevin which have been affected by postglacial landsliding 
are dominated by the geological structure of jointed sandstone strata capping the slope crest (the reservoir), 
underlain by weaker and less permeable mudstones and shales where the landslides develop. The current state 
of stability of the deep-seated rotational landslides which reside on the upper slopes and the mudslide/mudflow 
complexes located on the lower slopes of the Chevin under the present climate regime is also briefly discussed. 
 
Study Area Location 
Otley Chevin is a steep escarpment which faces north over the historic market town of Otley located in mid 
Wharfedale, West Yorkshire. Otley is located 16km north-west of Leeds and 16km north-east of Bradford (see 
location map inset on Fig. 4a.  The Chevin escarpment is approximately 5km in length and approximately 250m 
in height. The study area is bounded by Old Pool Bank to the east (OS Grid Ref. SE234 443) and Gill Brow to the 
west of Otley (OS Grid Ref. SE181 444). The highest point of the Chevin, Surprise View, reaches 282m (Grid Ref. 
SE 2043 4419). According to the 1:50,000 Solid and Drift Geological map of Bradford, Sheet 69 (BGS 2000); the 
north facing escarpment of the Chevin comprises landslides extending approximately 4km2. Several large deep-
seated rotational landslides, together with associated mudslides and mudflows extend downslope to 0.75-1.0km 
at their maximum extent. The relevant topographical maps of the study area are Ordnance Survey 1:50,000 
Landranger Sheet 104 Leeds and Bradford and 1: 25,000 Explorer Sheet 287 Lower Wharfedale and Washburn 
Valley. 
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Figs 4a. Spatial distribution of landslides on Otley Chevin
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Figs 4b. Spatial distribution of landslides on Otley Chevin



Previous Studies   
The name Chevin derives from the Brythonic cefyn, cefn or cefu meaning a ridge, or ridge of high land. The area 
extending from Otley Chevin to Caley Crags is a designated Local Geological Site (LGS). The West Yorkshire 
Geological Trust together with Leeds City Council and Friends of Chevin Forest have created The Chevin Park 
Geology Trail. The 3km geological trial includes several carved marker stones which provide information about 
the geological features of the Chevin. There is also an audio trail available on The Friends of Chevin Forest 
website, www.chevinforest.co.uk; the audio provides additional information on the geology and geomorphology 
of the Chevin and a description of the views that can be seen from the trail. 
 
One of the earliest mentions of Otley Chevin was included in the prophecies of Old Mother Shipton (c. 1488-
1561), where she predicted a catastrophic landslide would take place on the Chevin, with landslide debris 
covering parts of the town of Otley (Easton 1998; Araujo 2008). The Chevin was designated as one of the chain 
of beacons established as a nationwide communication system around the end of the eighteenth century when 
invasion by the French was threatened. A landscape history of Otley Chevin is provided by Laurence (2016). 
 
The geology and landslides of Otley Chevin are described in the Memoir of the Geological Survey of Great Britain, 
Geology of the country between Bradford and Skipton, sheet 69 (England and Wales (Stephens et al. 1953). A 
more recent explanation of the 1:50 000 Series Sheet 69 Bradford, solid and drift edition, is provided by (Waters 
1999). Detailed geological information about the 1:10 000 scale geological map of the Otley Chevin area is 
provided in the accompanying British Geological Survey Technical Report (Crofts 1995). 
 
Previous investigations of Otley Chevin have been concerned with the stability of the Chevin escarpment in 
relation to the engineering design of the A660 and Otley Bypass. Several Ground investigation reports have been 
completed by West Yorkshire County Council and the West Yorkshire Highways Laboratory between 1930 and 
1967; these mainly relate to specific areas of the A660 between Otley and Pool Bank which have been affected 
by landsliding (Robinson 1967). The Otley Bypass followed the alignment of a disused railway which was 
constructed through an area of complex mudslides located on the lower slopes of Otley Chevin (West Yorkshire 
Metropolitan Council Highway Engineering Technical Services (HETS) Laboratory 1972; Culshaw & Duncan 1975; 
Burgess 1976). Cooper (1984) described the geology, hydrology and stability of the landslides between the east 
side of Otley and Old Pool Bank. The British Geological Survey completed a geological desk study and aerial 
photograph interpretation together with fieldwork to map the landslides affecting A660 Leeds-Otley road 
(Cooper 1984). Cooper (1984) noted evidence of active landslide movement and recorded associated 
hydrological features such as surface water courses, springs and poorly drained areas. 
 
The first UK reported anchored reinforced earth retaining wall (Silver Hill Mill Retaining Wall) was constructed 
in 1984 on the Otley Bypass (Snowdon et al. 1986). The retaining wall is 86m long with a maximum retained 
height of 6.0m. In addition to supporting a road embankment, the retaining wall also provided the southern 
abutment for a footbridge. The retaining wall was designed to protect several houses located approximately 
20m behind the wall on Birdcage Walk. The retaining wall was constructed in an area comprising a complex 
series of mudslides and within an existing railway cutting constructed in 1860. 

Geology 
Geologically, the Chevin lies on the northern edge of the Yorkshire Coalfield. The geology of the area is shown 
on British Geological Survey 1: 50,000 Series, sheet 69, Bradford, solid and drift edition (BGS 2000). A brief 
explanation of the geology of the Bradford district is provided by Waters (1999). The geology of the northwest 
Leeds area is dominated by the solid geology of the Carboniferous Coal Measures and Lower Coal Measures, 
with the underlying Millstone Grit Group of the Namurian an important lithological unit within the site area 
(Waters et al. 1996). The Millstone Grit Group comprises about 1,800m of interbedded mudstone, siltstone and 
sandstone (see Fig. 1). During Namurian Times (c. 3.5 Ma) the rocks that crop out in the study area are 
interpreted as having been laid down in a deltaic environment, which eventually resulted in a sequence of 
generally coarse sandstones and fine-grained mudstones. The coals and seatearths resulted from the decay of 
the remains of forests that covered swamp areas of the delta system. Occasionally, marine incursions allowed 
deposition of muds including fossiliferous marine bands, which provide important isochronous marker horizons 
such as the Otley Shell Bed. Natural superficial deposits are also present on the Chevin escarpment slopes, which 
comprise glacial, periglacial and postglacial deposits. Peat is present on the upper part of Otley Chevin. 
Quaternary deposits, including Glacial Till and Head are present on the mid and lower valley-side slopes.  
Fluvioglacial sand and gravel deposits are present in the flood plain of the River Wharfe; river terrace deposits 







 

Fig. 2: Generalized geological section of the middle part of the Namurian Millstone Grit succession H and R1 
stages. 







higher slopes, but are rarely more than a few centimetres deep, indicating that more extensive glacial deposits 
existed over the slopes of the Chevin but have been removed by erosional slope transportational processes 
during paraglacial relaxation (i.e., the period of readjustment from glacial to non-glacial conditions (Benn and 
Evans, 1998). The crest of the Chevin was overridden by ice; relic patches of Glacial Till have been recorded on 
the Doubler Stones Sandstone (Hemingway 1957). Glacial striations were recorded in the same area, although 
these are no longer visible (Stephens et al. 1953) and agreed with the general eastward down-valley direction 
of the glacier movement postulated by Raistrick (1934). Raistrick (1927) mapped a series of terminal moraines 
within Wharfedale; he recognised six halt-stages in the Wharfedale glacier at Pool (1), Burley-in-Wharfedale (2), 
Middleton (3), Drebley (4), Kilnsey (5) and Skirfare Bridge (6). The halt-stages of the active ice fronts provide 
evidence of a periodicity in the climatic conditions towards the end of the Devensian; the terminal moraines 
representing periods when conditions were coldest, and the interval between moraines representing warmer 
periods when melting ice was rapid. The terminal moraines formed dams to produce a series of elongated 
proglacial lakes in Wharfedale upstream of the terminal moraine. The lakes have now been infilled with 
laminated clays and silts which overlie Fluvioglacial Sands and Gravels to form flat, frequently flooded, sections 
of the valley floor. One of the proglacial lakes was located below the Chevin between Burley-in-Wharfedale and 
Pool. Raistrick (1926) postulated that the moraine dammed lakes persisted well into prehistoric times based on 
archaeological evidence. 

Several lateral moraines run parallel to the Wharfedale valley sides at various levels; good examples can be seen 
at Farnley, Leathley and Stainburn on the north side of Wharfedale. These are often associated with large glacial 
overflow channels which either trench the valley sides or cut across spurs and were eroded by melt water flowing 
along the edge of the Wharfedale glacier. With the retreat of the ice these channels were abandoned and now 
remain as pronounced dry valleys on the north side of the valley. Along the southern side of Wharfedale, few 
such channels can be recognised, because they are not easily distinguished from, and may even follow the 
outcrop terraces of Millstone Grit horizons. However, Raistrick (1931) postulated that at one time such a channel 
was cut at about 225m AOD across the eastern end of the Chevin by water flowing from the SE/NW trending 
Guiseley Gap and along the north-facing flank of the Chevin; however, this was only a small channel and was 
soon superseded. At a later stage of glacial retreat, drainage reverted to the main Wharfedale valley, and the 
water passed along the ice edge on the northern face of the Chevin from the Guiseley Gap (Stephens et al. 1953). 
This will have resulted in significant over-deepening of the valley floor and over-steepening of the basal slopes 
of the south side of the valley below the Chevin. Any deposits associated with erosion features which may have 
existed along the north facing slopes of the Chevin cannot now be distinguished because of the significant 
erosion which took place on the south side of the valley slopes below the Chevin and also because they have 
been masked by landslide deposits resulting from subsequent postglacial mass movement processes. 

Periglacial Deposits 
Periglacial climate processes controlled the geomorphological landscape adjacent to ice sheets and glaciers of 
Wharfedale. This climate resulted in a set of geological and geomorphological processes of which freeze-thaw 
was the most important. Mass transportation of soliflucted materials and wind action dominated the barren 
periglacial areas, where the ground was often perennially frozen (permafrost), and lead to the development of 
characteristic deposits such as Head and more deep-seated mass movement features. 
 
Head Deposits consisting of rubbly solifluction deposits of local provenance occur on the lower slopes of the 
Chevin and extend to the valley floor. However, where the parent material involved in solifluction is sufficiently 
clayey, particularly on the lower mudstone and shale slopes, basal and internal shears can develop in the 
soliflucted material. The apparent gradation between Head Deposits and River Terrace Deposits in Wharfedale 
was noted by Stephens et al. (1953), who attributed the deposits to the process of Late Glacial solifluction. 
Evidence of periglacial activity on the crest of the Chevin is provided where the action of permafrost has 
disrupted bedding in the Doubler Stones Sandstone and Addingham Edge Grit leading to the development of 
involuted and cryoturbated structures (Hemingway 1957). The development of such structures in the locality 
was favoured by the abundance of percolating meltwater available during the summer and the emergence of 
the area as a nunatak as the ice sheets retreated around it. The top of the Chevin was therefore, subject to frost 
action from an early stage, whilst much of the surrounding area was still under ice. 

 
 
 
 



Geomorphology 
The present geomorphology of Mid Wharfedale is dominated geologically by the Millstone Grit Group, a thick 
succession of interbedded sandstones, siltstones and mudstones of Namurian age, the glacial and periglacial 
processes active within Wharfedale during the Devensian and the subsequent postglacial fluvial processes of the 
River Wharfe. As described, the Chevin escarpment is capped by sandstones and gritstones underlain by less 
competent interbedded mudstones and shales with thin sandstones. This bedrock series was partially covered 
by a layer of Glacial Till which extended over the scarp slope up to approximately the 120m contour. Landslides 
are a common feature in Wharfedale, occurring mainly on the northern facing slopes. In some areas the whole 
of the mid and lower scarp slopes of the Chevin are affected by landslide, mudslide and mudflow deposits. 
Waters et al. (1996) noted that landslides have developed within Glacial Till and other superficial deposits on 
natural slopes at inclinations of 11-18°; whereas in the case of landslides involving rock, the natural slopes are 
generally greater than 20°. The large rotational landslides on the Chevin are located on the upper parts of the 
valley side of the Chevin and have not been triggered by fluvial erosion but have been triggered by paraglacial 
processes. Large-scale rotational landsliding resulting from the paraglacial debutressing processes which took 
place during Late Glacial and Post-Glacial times would have been an important phenomenon affecting Pennine 
hillslopes including Otley Chevin (Shakesby & Matthews 1996; Ballantyne 2002). 
 
The geomorphology of the Chevin has been greatly influenced during the Pleistocene by both ice sheets and 
valley glaciers and glacial processes. Wharfedale was affected by at least three glaciations, although evidence 
for the earlier two phases has been obliterated by the final Devensian phase (Waters 2000). There is growing 
evidence from the global sea-level record that the Last Glacial Maximum (LGM) occurred relatively early in the 
Late Devensian, from about 27ka BP and lasting about five thousand years (Lambeck & Purcell 2001). The limits 
of the glacier that occupied the southwest part of the southern Vale of York at the Last Glacial Maximum are 
defined by Friend et al. (2016) in relation to deposits at Lindholme (SE 7337 0643). These deposits had an erratic 
content of associated diamicts indicating sources from Stainmore and the Yorkshire Dales, including upper 
Wharfedale and along the Permo-Trassic outcrops on the west side of the Vale of York. Friend et al. (2016) 
suggest the advance is dated to an episode associated with a high level of pro-glacial Lake Humber within the 
Last Glacial Maximum. Devensian ice in the Vale of York, sourced from Northern England, reached destinations 
less far south than the east coast ice, and its southern limit was for a long time regarded as defined by the Escrick 
Moraine (SE 630 421). However, a group of deposits forming a distinct ridge called the Linton-Stutton gravels 
are now considered to mark the southern limit of an Early Main Dales Glaciation (Edwards 1937; Edwards et al. 
1950). The Linton-Stutton gravels are located to the west of the strandline deposits and west of the diverted 
River Wharfe and Escrick Moraine and are thought to be a kame belt (Straw 2016). 

Pennine valley glaciers would have occupied areas of low ground, such as the Aire, Wharfe, Nidd and Swale 
valleys, except during the maximum advance of the ice when they would have also extended over upland areas, 
resulting in the deposition of a range of glacial deposits. The maximum advance of the Devensian ice sheet in 
the study area is shown on the British Geological Survey 1: 50,000 Sheet 69, Bradford, to have reached the south 
of Bradford (Waters 2000). The most significant effects of the Devensian glaciation locally are the over-
deepening of the Wharfe valley by over 40m, the deposition of Glacial Till, terminal and lateral moraines, glacial 
drainage channels and the formation, infilling and breaching of proglacial lakes, resulting in extensive lake flats. 
The final retreat of the glaciers left over-steepened valley sides in an unstable or metastable state with massive 
sandstone and gritstone strata overlying weak mudstones and shales.  

The role of deglacial unloading and resulting paraglacial stress-release in conditioning or triggering slope failures 
in the weak mudstones and shale slopes was an important factor affecting Pennine valleys (Johnson & Walthall 
1979; Donnelley 2008; Dowell & Hutchinson 2010; Cross 2011). Donnelly (2008) suggested that deep-seated 
landslide movements on Pennine slopes were possibly generated under conditions of periglacial erosion and 
weathering, during glacier retreat, deglaciation and associated processes of gravitational stress-relief of valley 
sides. This is most likely to have occurred during the Late Glacial and early Postglacial. This may have initiated 
the lateral spreading of upland moorland plateaux, subsequently resulting in fissuring, fault reactivation, tilting 
and subsidence. Research has shown that rock-slope failures tend to be concentrated on the middle and lower 
valley-side slopes within the area occupied by ice during the Last Glacial Maximum, and that their locations 
coincide with zones of inferred high glacial loading stress, consistent with interpretation of both bedrock 
disruption and large-scale rock-slope failures as paraglacial phenomena induced by stress-release following 
deglaciation (Ballantyne 2002; Ballantyne & Stone 2013; Ballantyne et al. 2014a; Cossart et al. 2008, 2017; 
Wilson 2009; McColl 2012).  



The over-steepened southern side of the Wharfe Valley was therefore, particularly vulnerable to the 
development of large rotational and complex landslides on the middle valley slopes where massive sandstone 
strata overlay weaker mudstones and shales. Some research has shown that many landslides did not take place 
immediately following deglaciation but took place 1000-3000 years after ice-sheet deglaciation (Cruden & Hu 
1993; Soldati et al. 2004; Dowell & Hutchinson 2010). The long delay probably reflects progressive rock-mass 
weakening initiated by deglacial stress-release and associated tensile rock mass damage. The Chevin landslides 
affect all bedrock strata up to, and including, the Addingham Edge Grit and were probably first initiated 12-
15,000 years ago in the Late Glacial with landsliding continuing to take place during the Loch Lomond Stadial 
(nominally 11-10 14C ka BP) and Early Postglacial times during the late Boreal to mid-Atlantic (nominally 7.7 to 
5.5 14C ka BP), (Dowell & Hutchinson 2010). Much of the lower slopes of the Chevin are covered by extensive 
mudslide and mudflow deposits; these are likely to be younger and took place throughout the postglacial period.  

Landslide Morphology 
Large deep-seated complex landslides are abundant throughout Wharfedale, particularly on the steep over-
steepened scarp slopes which form the north facing side of the valley. They are especially well developed along 
the 5km face of Otley Chevin between Otley and Pool Bank. An overall geomorphological appraisal of the area 
reveals that the landslides can be generally split into two types and in two areas parallel to the slope. Firstly, 
above the 120m contour, large rotational deep-seated landslides are located on the steeper slopes, affecting 
solid bedrock; these also include associated smaller secondary rotational slides and mudslides on their surfaces. 
Secondly, downslope of these, secondary instability has led to the development of mudslides and mudflows 
which emerge from the debris apron toes of the higher deep-seated landslides to cover much of the lower 
slopes. These processes have been exacerbated by the emergence of redundant springs from below the debris 
apron toe of the deep-seated landslides. The deep-seated rotational landsliding was probably induced to a large 
extent by glacial over-steepening and debutressing of the north-facing slopes of the Wharfe valley, and 
movement probably commenced sometime after the Wharfedale glacial ice retreated after the Late Devensian 
glacial maximum and continued during early postglacial times. 
 
Along the upper slopes of the Chevin several large back scarps have developed at the rear part of large deep-
seated rotational landslides e.g., Chevin Hall, Great Dib and Danefield Wood landslides. Below the back scarps 
the landslide morphology comprises a series of large, rotated blocks relating to a series of retrogressive 
rotational failures. Some of the landslides on the upper parts of the Chevin escarpment comprise a series of 
benches and terraces that run parallel to the contour lines. This morphology suggests multiple, successive 
rotational and translational landsliding. The deep-seated landslides therefore show evidence of various types of 
sliding mechanisms and can therefore be classed as complex landslides (Varnes 1978). In addition, many of the 
retrogressive and successive landslides have been denuded by shallow slumping, mudsliding and mudflow mass 
movement processes (Cruden & Varnes 1996). Below the rotated blocks which occur in the mid slope areas of 
the Chevin escarpment (i.e., elevations between 165-105m) are large spreads of hummocky landslide debris 
material. The morphology of the landslide debris area comprises of shallow slumps, shallow ridges and highly 
denuded mounds. A series of drainage channels and gullies have developed below springs and along seepage 
areas. In some areas within the landslide debris accumulations, poorly drained depressions have formed, 
sometimes containing small ponds.  

Much of these landslide debris accumulations have been reworked by successive mudslides and in wetter places 
as discrete mudflows. The mudslides and mudflows extend over most of the lower slopes of the Chevin 
escarpment and are particularly well developed between slope elevations of 105m and 60m. The morphology 
of the mudslides comprises of a series of shallow spreads of material leaving discrete toe ridges and lobate 
features. The mudflows tend to be confined to more linear tracts within poorly drained shallow downslope 
drainage channels and gullies. The mudslides and mudflows have developed from the lower sections of the large 
deep-seated landslide debris aprons and are particularly well developed in the lower parts or the toe area of 
these landslides. The mudslides and mudflows comprise of reworked landslide debris, Glacial Till and solifluction 
Head Deposits. Some of the shallow lobate mudslides and mudflows on the lower valley side slopes comprise 1-
2m depth of soliflucted Head Deposits below the ground surface. Although the general pattern of landsliding is 
as described, there are exceptions where discrete areas of mudsliding and mudflows occur on the upper and 
mid slopes and smaller shallow rotational failures also are present in some areas located on the lower slopes 
underlain by mudstones and shales. Burgess (1975) postulated that there may have been the potential for large 
deep-seated slip surfaces to develop and extend to the lower part of the Wharfedale valley. However, it should 
be noted that no deep-seated slip planes were identified in the main programme of site investigations for the 



Otley Bypass in November 1972 (West Yorkshire Metropolitan Council Highway Engineering Technical Services 
(HETS) Laboratory 1972). 

Landslide Distribution on Otley Chevin 
The main areas of landsliding affecting the Otley Chevin escarpment are shown on Figs. 4a and 4b and are 
described below from west to east. 

1. Milner Wood  
Milner Wood (SE 17862 44696) occupies higher ground overlooking Otley Golf Course to the north of the 
A6038 Bradford Road. The area is an interlocking spur at the western end of the Chevin escarpment which 
is separated from the main escarpment by Gill Brook. Further to the west of this interlocking spur is the 
Guiseley Gap which marks the end of the Chevin escarpment. On the north facing slope of Milner Wood are 
two landslides of different age. The older and larger landslide 1A (SE 17830 44693) comprises a large 
rotational failure with the scarp slope composed of mudstones and shales and thin sandstone bands located 
to the south of the disused railway line. The landslide has not rotated far, creating a pronounced bench and 
leaving a small area of landslide debris now covered by Milner Wood to encroach on the gentle slopes south 
of the disused railway which was constructed in cutting through the existing landslide near the base of the 
hillslope. A smaller rotational slide 1B (SE 17839 44712) has taken place within the older landslide affecting 
the back-scarp and rotated block of the older landslide; this also affects the southern side of the disused 
railway cutting. 

2. Acrecliffe Farm 
A rotational landslide is located south of Acrecliffe Farm 2A (SE 17726 44540). The landslide has developed 
in mudstone on the western valley side of Mill Book, which curves round to the west of the A6038 Bradford 
Road. There are more recent smaller rotational landslides on the north side of the A6038 Bradford Road at 
2B (SE 17916 44534) and 2C (SE 18093 44565). These have developed on the steep northern valley side of 
Gill Beck composed of mudstone and shale. 

3. Dismantled Railway Bridge 
Immediately to the west of the dismantled railway bridge over the A6038 Bradford Road is a rotational 
landslide (SE 18232 44596) which has formed on the north-facing steep slope, south of the Golf Course. The 
back scarp comprises sandstone and the rotated block was cut through to construct the former railway 
cutting. Mudslides extend northwards onto the River Wharfe flood plain. 

4. Gill Brow 
Further east of the dismantled railway bridge, below Gill Brow, south of the disused railway, are several 
rotational slides SE 18435 44528, with a complex of mudflows on the basal slopes of the north-facing 
escarpment. The mudflows extended across the area of the former disused railway line. 

5. West Chevin / Chevin Hall 
Two large rotational landslides are located in an area known as West Chevin. Landslide 5A (SE19182 44374) 
is located to the northeast of West Chevin Delph. This is a complex rotational landslide as it also shows 
evidence of translational movement in the lower part of its accumulation zone. A very large deep-seated 
rotational landslide is located at Chevin Hall 5B (SE18994 44624). Both landslides have pronounced back 
scarps in the Addingham Edge Grit. Chevin Hall is located on one of the flatter upper rotated blocks. 
Landslide 5B has been affected by another successive failure; the back scarp of this failure is located below 
West Chevin Road (5C). From the toe of this landslide, a complex of mudflows extends north towards Chevin 
Grange (SE 192 447), and northeast towards West Chevin Road. Immediately north of the road at this point 
are a series of smaller rotational landslides in the mudstone sequence which extend westward from Chevin 
Grange to beyond Leeden (SE 189 444). Material from these landslides has moved north as a series of 
mudflows forming hummocky ground which extends to the Bradford Road (5E). Jones (1984) suggested that 
these mudflows were initiated by undrained loading at their crest by mudflows emerging from the Chevin 
Hall landslide (Hutchinson & Bhandari, 1971). West Chevin Road descends the Chevin through Landslide 5B 
and has been affected by instability over many decades. The road has been subject to various localised 
engineering remedial works including buttressing, slope drainage and constant pavement resurfacing. A 
significant landslide debris accumulation zone associated with Landslide 5B can be seen north of the second 
back scarp below West Chevin Road. The lower section of the debris accumulation zone coalesces with 
extensive mudslides and mudflows which extend northwards downslope to Bradford Road.  

6. Chevin Side 
A large area of complex landslides has taken place to the north of Chevin Side located to the east of Chevin 
Hall landslide (5B) (SE 193 444). It is postulated that this landslide took place following the Chevin Hall 
landslide as parts of the debris accumulation zone overlap those of the Chevin Hall landslide. The Chevin 



Side landslide complex comprises of multiple rotational failures and mudslides which extend down slope 
north of West Chevin Road. In area 6A (SE19428 44587) a series of denuded multiple rotational landslides 
have taken place and these, in turn, have been affected by secondary slumping within the back scarps. 
Landslide 6B (SE19332 44490) comprises of successive rotational failures with significant translational 
movement taking place on the mid and lower parts of the accumulation zone. The landslide debris 
accumulation zone coalesces with mudslides and mudflows just to the south of West Chevin Road (Area 6C, 
SE19250 44769). These mudslides and mudflows extend down slope to Bradford Road. Most of the mudflow 
material appears to have originated from the area south of the cottages on West Chevin Road and adjacent 
to the Chevin Hall landslide (SE 193 444), where general collapse has occurred and many individual blocks 
of slipped material have been displaced downslope by mudflow. Burgess (1976) believed that this resulted 
from slumping along many closely-spaced slip planes with only small downslope movement. A similar mode 
of failure, not followed by general collapse, occurred just to the east of this area (SE 195 445), and may 
represent the development of retrogressive slumps. Excellent examples of mudslide terraces and mudflow 
lobate features can be seen to the north of Westville (SE 19289 44722). To the south of the Chevin Side 
landslide is an area of uneven ground underlain by large blocks of Addingham Edge Grit covered by a thin 
mantle of soil (6D). Several large boulders are exposed at the surface and were the result of rockfalls from 
the overlying Addingham Edge Grit. The size and frequency of boulders decrease downslope. This area of 
rockfall post-dates the Chevin Side landslide. 

7. Ashwood House  
The Ashwood House landslide can be split into three parts, 7A, 7B and 7C. Area 7A (SE19745 44618) 
comprises a multiple rotational landslide comprising two successive rotational slips. The back scarp of this 
landslide is 15-20m in height. The two successive rotational landslides are deep-seated possibly extending 
to 15-20m depth into the mudstones and shales. Area 7B (SE 19657 44600) is a complex landslide comprising 
a large rotational failure combined with a significant translational movement of debris material down slope. 
Area 7C (SE 19707 44706) comprises a large spread of mudslide and mudflow deposits which have formed 
down slope to the north of the landslide accumulation zones of landslides 7A and 7B. These mudslides and 
mudflows extend downslope north of Birdcage Walk. Mudslide terraces and mudflow lobate forms can be 
seen in the area around Ashwood House (SE 19694 44747). Gross (1979) recognised the effects of small-
scale slumping along the mudslide toes. 

8. West Chevin Bridge  
The Glacial Till and Head Deposits to the north of West Chevin Bridge (SE 19671 44888) are up to 10m in 
thickness and appear to be highly disturbed (8A). These deposits are an extension of the mudslides 
associated with landslide complexes 6 and 7 described above. The deposits include Head Deposits in the 
upper part and mudslide deposits beneath the Head Deposits. Based on the data from the 1972 Otley Bypass 
site investigation, the fractured mudstones underlying the disturbed Glacial Till deposits in landslide are 8B 
exhibit dips of up to 30° down slope to the north (West Yorkshire Metropolitan Council, Highway 
Engineering Technical Services (HETS) Laboratory 1972). The dipping fractured bedrock may be the result of 
disturbance by deep-seated landsliding, or more probably by valley bulging which took place in the lower 
parts of Wharfedale valley. Valley bulging is thought to have taken place as a result of the relief of loading 
stresses during glacial retreat. The stress-release and resultant bulging developed because of the 
lengthening and steepening of slopes on less competent mudstone on removal of the ice, and where 
groundwater levels and pore-water pressures exceeded critical limits (Wilson 2014). 

9. Great Dib 
Great Dib is the name given to the steep back scarp of a very large deep-seated multiple rotational landslide 
(9A) (SE19983 44492). A schematic cross-section through Beacon Hill and Great Dib Landslide is shown in 
Fig. 5. The Great Dib landslide represents one of the largest rotational landslide on the Chevin. The back 
scarp comprises 20m of Addingham Edge Grit and the landslide includes a considerable thickness of 
underlying strata. Below the back scarp is a complex of large, rotated blocks which extend downslope to 
north of Spring Side (SE 19943 44843). The failure appears to have occurred along a non-circular slip plane, 
as the landslide has a marked translational element in its lower parts. The upper part of the Great Dib 
landslide, lying generally above 120m, consists of a series of large slump features which affect the higher 
beds of the argillaceous rock, and often involves the capping strata of the Addingham Edge Grit. Several 
secondary slumps have taken place on the steep edges of the rotated blocks. The large failures are 
separated by smaller multiple rotational landslides which have been modified by subsequent mudslide and 
mudflow mass movements. A small pond is present on a rotated block 9B (SE 19854 44756) to the south of 
Spring Side. This area is characterised by numerous small springs and boggy hollows. The lower part of the 
Great Dib landslide comprises a complex of frequently overlapping mudslides and mudflows which have 



developed from the higher rotational landslide debris aprons (9E). Pronounced mudslides and mudflows 
have developed down slope north of Oakdene, Spring Side and Woodlands to Birdcage Walk and extend 
north of Otley Bypass and probably are present further north in the now built up area (SE 19797 45091) 
which comprises of highly disturbed and reworked Glacial Till. The mudslides and mudflows are typically 
composed of numerous sub angular, poorly sorted fragments of bluish grey to brown, friable mudstone, 0.5 
to 5cm in diameter, in a soft remoulded clayey matrix, but also incorporates large amounts of Glacial Till, 
which often contains rounded grit cobbles. This implies that the mudslides and mudflows must post-date 
glaciation in this area. 
 

 
Fig. 5. Schematic cross-section through Beacon Hill, Otley Chevin, showing the geology and areas of 
rotational landslides, mudslides and mudflows. 
 

10. White House  
Several single deep-seated rotational landslides are located to the east of Great Dib Landslide and north of 
Ritchies Plantation (Landslides 10A (SE20076 44569), 10B (SE20156 44513), 10C (SE20304 44551) and 10D 
(SE20308 44442). The White house (SE 20309 44488) is located on the rotated block of landslide 10B. The 
ruins of another old house are also located on the same rotated block (10B) south of the White House. 
Several small slumps are located along the back scarp extending from the pig farm (SE 200 445) to the White 
House. The old building formerly located to the south of the White House was demolished due to severe 
structural damage. To the north of the pig farm is an active mudflow area extending towards Birdcage Walk 
(5E). 

11. Cowburn Nursery  
Ritchies Plantation (SE 204 444) contains two rotational failures, and the debris from these covers much of 
the wooded area (11A and 11B). Several small mudflows extend north towards Cowburn Nursery. 
Downslope of the main rotated blocks of landslides 11A and 11B is an extensive landslide accumulation area 
(11C) (area between Lawn Cottage (SE 20393 44600) and Cowburn Nursery (SE 20488 44696) comprising of 
disturbed and hummocky ground. Extensive mudslide and mudflow deposits can be observed north of the 
120m contour of the Chevin escarpment. This area of mudslides and mudflows extends down slope affecting 
a large area (11D) (SE 20362 44796) to Birdcage Walk and further downslope to Otley Bypass. Particularly 
well-developed mudflow features can be seen around the Old Vicarage (SE 20322 44833), Beach Grove (SE 
20526 44866) and Chevin House (SE 20595 44864). A borehole at Chevin House recorded evidence of at 
least three separate phases of mudslide and mudflow movement. There is another back scarp and deep-
seated rotational landslide east of Chevin House at 11E (SE 20668 44622). The accumulation zone of this 
rotational landslide coalesces into mudslides and mudflows in the area around Chevin Villas (SE 20894 
44929) and probably extends northwards beyond Otley Bypass and the A660 Leeds Road. 

12. Northeast of Manby House  
The area southeast of Manby House (SE20952 44645) shows little evidence of landslide disturbance, 
although solifluction Head Deposits are widespread in this area. Northeast of Manby House and downslope 
of East Chevin Road is a complex of small rotational landslides 12A (SE20825 44786). This area comprises 



hummocky ground and extends northwards into an area of mudflow extending to the A660 and further 
downslope to the north of the road (12B). A small artificial pond (Silver Mill Pond SE 20926 44808) is located 
on one rotated block. Silver Mills Reservoirs (SE 20954 44852) were also constructed and fed from the Silver 
Mills Spring east of the pond and Silver Mills Cottages (SE 209 448). More recent smaller rotational 
landslides 12C (SE 21028 44888) and 12D (Orchard House, SE 21061 44967) have developed within the older 
mudslide and mudflow complexes. Orchard House is located within a former clay pit located at the 
roundabout junction between Otley Bypass and the A660. The south facing slope of the former clay pit has 
exposed former mudslide deposits comprising reworked Glacial Till and shows evidence of continued 
instability.  

13. East Chevin Quarry 
East Chevin Quarry (SE 211 444) and the crags (see Photo 1) extending westwards to Ritchies Plantation 
show evidence of rockfalls). A schematic cross-section through East Chevin Quarry and the Birches Landslide 
complex below, is shown in Fig. 6. The slopes below the crags are covered with large grit boulders which 
decrease in size and number down slope. These are particularly evident in the field adjacent to Ritchies 
Plantation (SE 207 444) which has not been cleared for cultivation. The rockfalls have been caused by 
toppling failures. 
 

 
Photo 1. Exposure of the Addingham Edge Grit to the west of East Chevin Quarry (west of Area 13). 
 



 
Fig. 6. Schematic cross-section through East Chevin Quarry and the Birches Landslide complex. 
 

14. The Birches  
North and east of The Birches (SE 210 446) extends a complex of deep-seated multiple rotational landslides 
(Landslides 14A (SE21143 44350) and 14B (SE21143 44762) (see Fig. 6). These landslides have well 
developed steep back scarps in the Addingham Edge Grit. North of the initial rotated blocks of landslides 
14A and 14B, there are secondary rotational failures within an extensive area of mudslides and mudflows 
extending north of the A660 Leeds Road and Willow Bank 14C (SE 21177 45023). A series of well-developed 
mudflows can be seen north of the A660 Leeds Road around Willow Bank 14C (SE 21141 45061), Brunswick 
House 14D (SE 21230 44971) and Arnwood 14E (SE 21402 44954) (see Photo 2). 
 

 
Photo 2: Mudflow toe area (Area 14D). 



15. Danefield Wood 
Danefield Wood (SE 212 445) is an area comprising several large deep-seated multiple rotational landslides 
(15A). The back scarps of these landslides have affected the Addingham Edge Grit as far south as Springfield 
Farm 15B (SE 21617 44225), (see Photo 3). Rockfalls have also affected the Addingham Edge Grit. Scattered 
boulders derived from outcrops of the Addingham Edge Grit are common on the upper slopes and increase 
in abundance further east. The large deep-seated rotational landslides have had the effect of lowering the 
crest of the Chevin escarpment along an east west alignment, 150m north of Springfield Farm (SE 21606 
44376) in Danefield Wood (15B). The cambering has resulted in the beds of Addingham Edge Grit to tilt 
gently northwards. Small camber gulls (shallow linear depressions over tension cracks/joints) are present 
near the crest of the Addingham Edge Grit escarpment, where large blocks have tilted to the north. Several 
parts of the Addingham Edge Grit have become detached from the edge and have moved downslope. 
Northwards from this area, massive Addingham Edge Grit blocks litter the slope and mudslides and 
mudflows supporting the detached gritstone blocks are widespread over the lower slopes south of the A660. 
The debris aprons of the rotational landslides are marked by hummocky ground extending to the north and 
west. The northern extent of the hummocky ground of the main rotational landslides (15A) is marked by a 

line of springs (SE 21508 44687). Well-developed mudslides and mudflows (SE 21546 44922) extend 

northwards from the main accumulation areas of the rotational landslides (15C).  

 

Photo 3. Steep back scarp of rotational landslide (Area 15A). 
 

16. Water Trough Bend  
Several small to medium-sized rotational landslides south of Water Trough Bend 16A (SE 21896 44515) have 
resulted in significant damage to the A660 over many decades. Numerous springs are located at the 
northern edge of the rotational landslides and widespread mudslides and mudflows (SE 21818 45074) have 
spread downslope northwards. A small rotational landslide scarp slope is located south of the A660 at Water 
Trough Bend (16A). The active area of landsliding at sub area (16B) has caused movement of the retaining 
wall constructed on the north side of the A660 (see Photo 4). 
 
Active landslide movement at Water Trough Bend has previously affected the A660 Leeds Road over a length 
of 180m. Earliest reports of movement of the A660 date back to 1930. The A660 footpath and retaining 

walls have been damaged in several places (SE 21894 44812). Several springs emerge from the hillslope just 



to the south of Water Trough Bend (SE 21943 44635). Periodic remedial works have been required to 

stabilise the A660 Leeds Road at Water Trough Bend (SE 21986 44744). A series of shallow land drains were 

installed to the south, upslope of Water Trough bend in 1947. In 1964 twelve 40-58m long drains (30mm 
diameter) were drilled approximately at an angle of 5° above horizontal upslope north of the A660. These 
boreholes were installed with 115mm diameter porous concrete filter pipes, with an outfall constructed in 
a masonry retaining wall (Robinson 1967). The water from the drains is collected in a V-ditch and then into 
a carrier drain, which discharges in Holbeck, 100m to the east of the retaining wall outfall. After heavy 
rainfall the combined drain discharges were estimated to be 45,460 litres per day. The drainage helped to 
reduce movement of the shallow rotational landslides and mudslides north of the A660 until 1977, when 
the drains became blocked because of iron (III) hydroxide (Fe(OH)3) precipitation formed around the 
concrete filter pipes. Up to 23mm of horizontal displacement was recorded on the A660 carriageway 
together with subsidence of the northern retaining wall at Water Trough Bend. A further ground 
investigation was undertaken by West Yorkshire County Council in 1979. This confirmed that instability was 
confined to shallow depth and recommendations were given for the installation of counterfort drains above 
and below the A660; these drains were not installed. 
 

 
Photo 4. Damaged retaining wall north of A660 (Area 16C). 
 
North of the A660 at Water Trough Bend are active mudslides and mudflows which have spread out over 
an area of 150m2. The mudslide terraces include fresh tension cracks and the mudflow toe lobes show 
evidence of active pressure bulging. The mudslides on the north side of the A660 Leeds Road have also been 
affected by small rotational landslides (16B, C, D and E). They also show signs of recent movement through 
the appearance of tension cracks. An area of active movement is located at SE 21530 44799, where 
reactivation of a mudflow lobe has taken place just to the north of Hawes House 16C (SE 21538 44794). The 
mudslides and mudflows extend over a widespread area north of Russell Farm (16D) (SE 21635 44983). The 
slopes in this area have been cut and the area has been redeveloped for a house and garden. 
 
Leach (1984) carried out a geophysical investigation of the mudflows north of the A660 at Water Trough 
Bend and correlated the findings with previous ground investigations carried out in November 1979 and 
June 1984 by West Yorkshire County Council. Leach (1984) confirmed a series of overlapping mudflows, 



identified by material colour changes and discrete planar discontinuities. The thickness of the mudflows 
ranged up to 6.0m in thickness. The mudflows comprised silty sandy clay, with discrete sandy lenses; 
sandstone fragments were present throughout the mudflow deposits. Beneath the mudflow material was 
dark grey stiff clay, occasionally sandy with discrete gravel horizons. Leach (1984) described this material as 
disturbed landslide material. Below the landslide material, completely weathered mudstone was present 
containing shale fragments and this transitioned into more competent/intact mudstone and shale bedrock. 
The previous boreholes and geophysical investigation revealed a clearly recognisable broken zone at 10 to 
15m depth bgl for approximately 100m from the A660 downslope within the mudstone/shale bedrock, 
relating to a deeper zone of rotational movement and probably emanating from the arcuate back scarps 
observed south of the A660 (Leach 1984). 

17. Poolscar Wood  
There are several large deep-seated rotational landslides in Poolscar Wood (17B) (SE 22111 44436). These 
rotational landslides have destabilised the main Addingham Edge Grit and resulted in significant cambering 
of the gritstone strata 17A (SE 22199 44314). Several springs are present within the landslide accumulation 
zone within area 17c (SE 22216 44495); a number of these are captured within new culverts which have 
been constructed beneath the A660. North of the A660 is a large area 17D (SE 22202 45094) of mudslides 
and mudflows. Several small rotational landslides and slumps have developed on the mudslide and mudflow 
deposits. Several springs also emerge from the toe areas of the mudslides and mudflows. 

18. Pools Carr 
South of the A660 at Pools Carr (SE 22592 44405), the valley side comprises of a series of large deep-seated 
rotational landslides which extend from the Addingham Edge Grit escarpment (18A) (see Photo 4). The back 
scarp (5m in height) of one of the landslides 80m south of the A660 has resulted in a large block failure in 
the Addingham Edge Grit (18B) (see Photo 5). Below the back scarp of the rotational landslide are a series 
of slumps, each with a throw of several metres, each of these is separated by a small back scarp. The back 
scarps have associated marshy areas. North of the A660 are numerous mudslides and mudflows and 
abundant springs. West of Pools Carr is an active landslide and mudflow 18C (SE 22493 44777). Northwards 
movement of this active area has displaced the northern retaining wall of the A660 by approximately 1m 
over a length of 120m; the wall has also subsided by 0.3m. Several springs emerge beneath the retaining 
wall on the north side of the A660. The presence of several small back scarps and associated mudflow 
features indicate that the landslide is a complex of rotational landslides with associated mudflows. South of 

the A660 the slope is hummocky and littered with many large, detached gritstone blocks 18D (SE 22581 

44602). 



 
Photo 5. Gritstone Edge comprising Addingham Edge Grit showing large open joint behind the face (Area 
18B). 
 
Extensive mudslides and mudflows are present north of the A660 in area 18F. Leach (1984) carried out a 
geophysical survey of the mudslides and mudflows north of the retaining wall on the A660 (18E). Leach 
(1984) determined two and sometimes three sets of overlapping mudflows on the northern slopes below 
the A660. These comprised a 1.1m layer of soft brown sandy clay with boulders and fragments of sandstone 
(mudflow deposit). This material overlay soft to firm sandy silty clay containing organic horizons between 
1.5 and 4.0m thick (mudflow deposit). This material, in turn, overlay stiff sandy clay containing gravels 
(remoulded Glacial Till disturbed by mudslides). This material overlay completely weathered mudstone and 
shale (5.0-6.3m bgl) which transitioned into more competent mudstone bedrock. However, Leach (1984) 
identified a discrete zone of broken mudstone and shales at a depth of 10.15m bgl 40m north of the A660 
carriageway further downslope. This broken ground was interpreted as a slip surface associated with the 
rotational slides indicated by conspicuous back scarps to the south of the A660. 

19. Caley Crags  
To the north of Caley Crags, the Chevin escarpment falls away steeply; this area coincides with the back 
scarps of several large rotational landslides 19A (SE 22876 44293). The Addingham Edge Grit escarpment is 
cambered 19B (SE 22739 44360) and several large gritstone blocks have become detached and moved down 
slope onto the rotational landslide accumulation zone (see Photo 6). Numerous springs emerge near the 



northern edge of the main accumulation zone of the rotational landslides. Below this zone, extensive 
mudslide and mudflows are present and extend north of the A660 19C (SE 23166 44780). An active landslide 
located in area 19D (SE 23257 45130) has developed where excavations have taken place for the extension 
of farm buildings. 

 
Photo 6. Rafted boulders which have become detached from gritstone edge comprising Addingham Edge 

Grit (Area 19B). 
 

20. Pool Bank Quarry  
The Addingham Edge Grit was worked in Pool Bank Quarry (20A) between 1800 and 1930; when it closed it 
had a maximum depth of 25m. The quarry waste materials were tipped on the valley side slopes to the 
north of the quarry (20B). The quarry waste was tipped on an area previously affected by extensive 
rotational landsliding 20C (SE 23383 44598). The quarry waste was tipped over an area of 100m2 north of 
the A660 as a large steep-sided fan. Leach (1984) noted from exposures that the quarry waste had been 
placed on a discrete layer of sandy clay containing sandstone fragments. Leach (1984) attributed this layer 
to clearance of material from the crest of the escarpment before quarrying commenced. Some movement 
has taken place above this sandy layer in places. However, the undrained loading caused by this quarry 
waste material south of the A660 has mainly been responsible for reactivation and movement of former 
shallow mudflows, mudslides and slumps on the surface of the former hummocky landslide debris material 
present below the tipped material 20D (SE 23453 44801). Numerous springs are also present in the landslide 
accumulation zone of landslide (20D). Further downslope springs and seepages can be seen at the toe of 
the former landslide debris zone and also at the base of mudflow lobes (20E). Cooper (1984) estimated that 
over 20m of movement of the former landslide had taken place as a result of the quarry waste being placed 
on the pre-existing landslide. There is a large back scarp which coincides with the north side of the A660 
above the area of tipped quarry material. Over 40m of the A660 carriageway has been affected by landslide 
movement, with tension cracks forming in the carriageway and northern pavement on a regular basis during 
the 1970s. The northern edge of reactivated mudflow features has formed toe bulges of 3-4m in height 
(20E). A small active landslide is located near 20C (SE 23299 44577) which has formed within the back scarp 
of a pre-existing landslide at SE 23425 44689. 
 



Pool Bank Quarry has now been infilled with municipal landfill and landscaped; the quarry was filled above 
the original valley slope levels. The quarry restoration will have significantly changed the hydrogeological 
and surface water regime of the Chevin escarpment at Pool Bank Quarry. Cooper (1984) postulated that the 
effects resulting from the landfill (i.e., change in loading near an existing landslide caused by the additional 
weight of fill and possible resultant changes in water table level and groundwater flow) may provide 
conditions favourable for triggering a significant failure of the slope. Cooper (1984) noted that landslides 
20C (SE 23299 44577) and 20F (SE 23292 44458) extend back into the Addingham Edge Grit, almost as far 
back as Pool Bank Quarry 21B (SE 22935 44395). It is possible that the excavation of the Addingham Edge 
Grit from the quarry has produced an area of weakness in the remaining sandstone escarpment which 
might, under certain conditions, form a failure plane. It is also possible that the lack of support to the north 
of the escarpment due to Landslide 20B, the weight of the fill in Pool Bank Quarry, and possible increases 
in the water table level and groundwater flow may produce destabilising conditions of the escarpment 
slope. 

Ground investigations were carried out across the Pool Bank Landslide areas in July 1984. Eight boreholes 
were completed as part of this investigation and inclinometers and piezometers were installed within the 
boreholes. The boreholes confirmed that the mudstone and shale bedrock north of the A660 is overlain by 
landslide debris up to 4.5m thick. The quarry waste has been tipped over the landslide debris. The bedrock 
in this area also comprises thin beds of sandstone. The bedrock comprised zones of broken ground 
interpreted to be the result of former rotational slip planes within the bedrock. These areas of broken 
ground recorded elevated piezometric surfaces. 

21. Low Bank Plantation  
The Addingham Edge Grit exposed in the A660 road cutting is cambered 21A (SE 23635 44381), with the dip 
changing from gently southwards to gently northwards near the junction with Old Pool Bank Road. The 
jointing in the rock becomes more open northwards towards the edge of the escarpment. Below the 
escarpment there are several small rotational landslides 21B (SE 23782 44598), some of these are partly 
concealed by quarry waste 21C (SE 23684 44633) from Pool Bank Quarry. The lower part of the slope 21D 
(SE 23992 44913) comprises of numerous well-developed mudflow features. 

 

Geotechnical Properties of Namurian Millstone Grit Series  

Millstone Grit Sandstone 
The Millstone Grit Series sandstones have been characterised by Robinson & Williams (2005) and assigned a 
general description as a medium or coarse grained mainly feldspathic unit, with feldspar contents reaching 
27.5%, (Aitkenhead & Riley 1996), making them sub-arkosic or in extreme cases arkosic. The large-scale 
crossbedding is also noted. The broad geotechnical aspects are outlined as marked lateral variations in thickness, 
and high lateral variability with abrupt passages from sandstone members to shale/mudstone members. 
Robinson & Williams (2005) noted that the Millstone Grit Series sandstones exhibit a relatively high strength and 
low porosity. These physical properties provide the rock with a high resistance to weathering. This is essentially 
the primary factor for the development of the prominent Millstone Grit (Addingham Edge Grit) outcrops along 
the length of the Chevin escarpment. Robinson & Williams (2005), define the outcrops as angular to sub-angular, 
with rounded crags and boulders also present. 
   
The Namurian Millstone Grit sandstone which forms the Addingham Edge Grit escarpment of the Chevin exhibits 
distinct strength characteristics, which influences its weathering and general geotechnical behaviour. Xidakis 
(1976) carried out triaxial compression tests on dry cylindrical rock specimens (height 50mm x width 25mm) of 
sandstone and Gritstone taken from various Gritstone edge exposures on the Chevin. The results of multiple 
triaxial compression tests using the same series of confining pressures (0, 5, 10, 15, 20, 25 Mn/m2) were 
combined to calculate the envelope parameters of angle of friction and apparent cohesion (see Table 2). A mean 
unconfined compressive strength of 28.2MPa, a friction angle of 66.8° and an apparent cohesion of 6MPa were 
determined for dry specimens. 

 

 

 











As part of supplementary ground investigations for Otley Bypass, two boreholes A and B were undertaken within 
mudstone strata at the eastern end of the Bypass near the Old Orchard (SE 211 449) (Culshaw & Duncan 1975). 
The samples recovered from borehole A (Ground level 73.21m AOD) consisted entirely of grey mudstone. Down 
to approximately 2.0m bgl the mudstone was weathered, from 0.5 to 1.1m bgl being highly weathered but the 
degree of weathering decreases with depth. The weathering is characterised by iron along the shaley partings 
and the more broken nature of the rock. The groundwater table was encountered at 1.7m bgl. Below 2.0m depth 
bgl the mudstone is unweathered blue-grey, weak, shaley and slightly silty. Jointing is generally high or medium 
angled (between 0° and 45° relative to the axis of the cores). Throughout the succession to 10.15m bgl 
lithological banding occurs, the mudstone varying between almost a siltstone and a true mudstone. No regularity 
was noticed in this variation in lithology. In Borehole B the mudstone was encountered beneath 12.2m of 
superficial deposits comprising mudslide and mudflow material (reworked Glacial Till).  The mudstone was 
unweathered between 12.2 and 24.0m bgl. Moisture content and Atterberg test results are provided for 
weathered and unweathered samples of mudstone from boreholes A and B (see Table 7). 

Table 7. Atterberg test results on weathered/unweathered mudstone from Boreholes A and B (Culshaw and 
Duncan 1975). 

Laboratory Test Weathered Mudstone 
BHA 

Unweathered 
Mudstone BHA 

Unweathered 
Mudstone BHB 

Moisture Content 15 to 16% 8 to 13% 6 to 12% 

Plastic Limit 26% 19 to 23% 15 to 21% 

Liquid Limit 46% 32 to 38% 25 to 35% 

Plasticity Index 20% 12 to 17% 9 to 16% 

Liquidity Index -0.50 -0.47 to -1.25 -0.50 to -1.11 

 
Borehole A shows high moisture content recorded within the weathered mudstone. Moisture content varied 
between 8 and 13% within the unweathered mudstone, gradually decreasing with depth as fissures and pores 
close up with increasing overburden pressure. Plastic limit varies little in the unweathered mudstone ranging 
from 32-38%. Consequently, the plasticity index remains virtually constant, between 11 and 14%, except for 
values of 17% at 7.10m and 7.75m bgl. This may reflect a slight decrease in the proportion of silty material in 
these samples. The liquidity index is low throughout the mudstone succession; one of the highest values being 
in the wetter near surface mudstone. However, this had a value of -0.5, otherwise the liquidity index varied 
between -0.47 and -1.25. All the liquidity indices are negative; no remoulded mudstone was encountered in 
Borehole A. The values obtained indicate that the mudstone is in a brittle state. 
 
Discussion on rock testing on the Millstone Grit Series Rocks 
Xidakis (1976) provided a summary of triaxial and point load testing conducted on samples or air-dried and 
saturated samples of sandstone and mudstone and shale collected from Otley Chevin (see Table 8). Based on 
the values shown in Table 8 the strength of the sandstone is relatively high and is capable of permitting the 
sandstone to stand at a near vertical slope, even in saturated conditions when the rock exhibits a lower strength. 
Xidakis (1976) found that on saturation of the sandstone specimens this resulted in a reduction in the UCS by 
33% and a reduction in cohesion by 67%. Broch & Franklin (1972) found a reduction in the UCS of saturated 
sandstone samples of 30% and Colback & Wild (1965) of 48%. Therefore, there is reasonable correlation with 
Xidakis (1976) test results. However, it should be noted that the compressive strength tests relate to intact rock 
and not the in-situ rock mass which is faulted, jointed and distorted by cambering. The strength of rock parallel 
to its discontinuities is significantly lower than the intact rock. The cohesion intercept, for instance, parallel to 
the rock discontinuities approach almost zero, or to that of the joint filling (gouge material) (Hendron 1968). 
Therefore, in estimating the sandstone strength, it is important that shear tests have to be made along the joint 
surfaces or the strength parameters of the gauge material must be taken into account. 
  

















within the rocks forming the valley slopes. These effects may generate tensile conditions within the lower slope 
strata, promoting rock mass weakening (Augustinus 1995). The response of glacially-steepened rock to 
deglaciation is conditioned by bedrock lithology and structure, glacial history, degree of glacial modification and 
in particular by joint density and the orientation and inclination of joints and other planes of weakness relative 
to that of the valley side slope. These slopes are then susceptible to failure as glacial retreat removes support at 
the base of the valley (Sellier & Lawson 1998; Jarman 2006 2009; Ballantyne 2006; Sellier 2008; McColl 2012). 
  
Failures of paraglacial origin also result from stress-release (Cossart et al. 2008). Glaciers can create new non-
tectonic joint systems, distinguishable by various features, such as an increase in joint density towards the 
surface. Part of the resulting ice-load deformation is stored within the rock mass as strain energy. 
Decompression of the rock masses during deglaciation results in release of strain energy, resulting in major 
changes in the orientation of the principal stress field and development of a zone of tension within the slope. 
Relaxation of tensile stresses during and after glacial ice down-wastage causes rebound or stress-releases within 
the rock. This results in the propagation of an internal joint (fracture) network, with associated loss of cohesion 
along joint plains and reduction of internal locking stresses. These types of joints tend to have little or no filling 
material, and sometimes cross-cut or terminate at tectonic fractures (McColl 2012). In the case of counter-dip 
slopes such as the Chevin escarpment, the main mechanism associated with weakening of basal slope strata is 
the development of neo-joints about the former glacier trim-line. These vertical neo-joints become deeper in 
relation to debutressing and vacuum due to glacier disappearance. 
 
Fig. 7 shows a schematic diagram of the development of rockfalls and rotational landslides as a result of 
paraglacial debuttressing and over-deepening of the base of a hillslope with a counter dip geological structure 
as in the case of the Chevin. Fig. 7 shows that landsliding processes are driven by a combination of debuttressing 
(higher at the base of the hillslope due to former ice-thickness) and over-steepening of the lower part of the 
hillslope (due to glacial erosion, whatever the geological structure). In the case of the counter dip slope, the 
failure mechanism involves the development of neo-joints just above the former trim line (Stage 1). These neo-
joints are near vertical and can become deeper in relation to debuttressing and vacuum due to glacier down-
wasting (Stage 2). This rock fracturing may initially generate rockfalls or may evolve into a rotational landslide 
(Stage 3). 

 
Fig. 7. Development of rockfalls and rotational landslides as a result of paraglacial debutressing and over-
deepening at the base of the hillslope with a counter dip geological structure. 
 
McColl (2012) suggested that sheeting joints are likely to be generated by high surface-parallel stresses when a 
glacial mass is present over steep valley side-slopes. Glacial erosion within steep glaciated valleys will remove 
lateral confinement providing a locale for stress-release and subsequent formation of sheeting joints. This 
results in rock shattering generating rockfalls, which may evolve into rotational landslides (Sellier 2008). The 
resulting stress-release fractures may occur very soon after deglaciation or even during ice-thinning or retreat; 
however, the timescale for their development following glacial stress-redistribution remains unclear (McColl, 
2012). 

Non-tectonic joint systems significantly alter the stability and slope-failure pattern of steep sided glacial valleys. 
Paraglacial jointing can also be coupled with slow movements leading to sackung features causing deep-seated 
gravitation deformation of the entire hillslope, in relation to the development of normal faults (Cossart et al. 
2013). Other paraglacial processes following deglaciation include retrogressive movement of the zone of 
potential rock-slope failures. This includes jointing (at local scale) and faulting (at slope-scale) this weakens the 
internal cohesion of the bedrock and encourages water seepage, this in turn, makes the displacement of material 
easier through large-scale landsliding (Cossart et al. 2013). Various triggering factors can change the slope from 









3. Many studies of Late Glacial geological sequences demonstrate high incidence of large landslide failures 
in the Pennines. Waters et al. (1996) identified over 200 landslides in the region which involved Late 
Glacial sequences. 

The trigger mechanisms causing first-time failure have been discussed previously. Following the first-time 
failures which took place between the Devensian and end of the Early Post-Glacial period, landslide activity has 
continued to take place on the Chevin during Post-glacial and historical times; this is supported by the 
geomorphology of the landslides as follows. 

i) The geomorphology of the landslides demonstrates distinct stages in landslide development on the 
Chevin. For example, the Chevin Hall deep-seated rotational landslide (1A) is older than the 
mudflow (1B) north of it; also, it appears to be older than landslide (2B) east of it, as the landslide 
accumulation zone of landslide 2B covers that of 1A. Such relationships can be derived in many 
instances on the Otley Chevin escarpment. However, without the use of radiocarbon dating or 
pollen analysis it is difficult to infer the time of failure of individual slides. 

ii) The mudflow lobes north of Chevin House, suggest three phases of mass movement (Culshaw & 
Duncan 1975). An upper mudflow zone up to 5m depth. A less disturbed zone possibly produced 
by sliding rather than flow between 5-8m; and a third zone of more disturbed deposits belonging 
to another mudflow between 8-12m. These movements appear to have taken place in short time 
intervals. 

iii) The age of deposits present on the valley sides varies over the Chevin escarpment. 

Dowell & Hutchinson (2010) recognised landslide events in neighbouring Airedale to be concentrated during the 
following time periods. 

A) During or just before the Loch Lomond Stadial, nominally 11-10 14C ka BP. 
B) In the late Boreal to about the mid-Atlantic, circa 7.5 to 5.5 14C ka BP. 
C) In the late Sub-boreal to the early Sub-Atlantic, circa 3-2 14C ka BP. 
D) Cold late Sub-Atlantic (Pollen zone late VIII, Little Ice Age or Neoglacial. 

These periods all correspond to cold wet periods; Dowell & Hutchinson (2010) suggested the following reasons 
for the higher occurrence of landslides during these periods as follows: 

1) Toe erosion; e.g., from melt-water channels and melt-water augmented rivers, and the sudden 
discharge of pro-glacial lakes; 

2) Raising of groundwater pressures resulting from increased rainfall, reduced evaporation, and freezing 
of groundwater outlets; and 

3) Alternations of freeze-thaw, particularly at and near the ground surface, causing ground heave (mainly 
by the formation of segregated ice, with greater increase in ice content and accompanying loosening 
of structure), followed by thaw-consolidation, generating high water contents, collapse of structure 
and large excess pore-water pressures. 

It is demonstrated by the Chevin landslide geomorphology that many of the first-time deep-seated rotational 
failures have subsequently retrogressed and that later adverse climate conditions probably played a part in their 
further destabilisation and subsequent denudation morphological features. For example, many of the larger 
landslides have complex solifluction sheets which were formed as a result of freeze-thaw processes at fairly 
shallow depth during the Early Post-glacial period. The heave on freezing during cold periods will have helped 
to produce a loose, ice-rich structure, which on thawing would have given rise to high water contents and excess 
pore-water pressures. These processes would have destabilized the active layer and resulted in the periodic 
translational downslope movement of the solifluction mantle and in some cases may have resulted in the 
reactivation of more rapid mass movement features such as mudflows and mudslides. More recent mass 
movement has taken place on the lower slopes of Otley Chevin particularly on pre-existing slip surfaces in the 
upper parts of solifluction sheets, mudflows and mudslides. There are many examples of recent instability 
activity relating to the Otley Chevin landslides; these areas are described below. 

 
  







British Geological Survey (BGS) recommended that particular attention should be given to the alteration or 
disturbance of surface and underground drainage particularly where these coincide with identified former mass 
movement features. Where water emerges at the ground surface, it should be prevented from infiltrating back 
into the landslide, mudslide and mudflow areas and causing problems further down slopes. 

The most significant area of active and potentially unstable landsliding was identified in the area affected by the 
Pool Bank Quarry Landslide. BGS identified several areas of active landsliding taking place within the Pool Bank 
Quarry landslides below Pool Bank Quarry Landfill site and to the north of the A660. These active areas of 
landsliding were taking place in the former quarry waste materials which had been tipped over pre-existing 
landslides between 1800 and 1950 when the sandstone quarry was in operation. The Pool Bank Quarry was 
infilled with domestic refuse between 1966 and 1984. BGS noted that surface water runoff from the restored 
landfill had caused a small mudflow to develop on the south side of the A660 (Cooper 1984). BGS recommended 
that further investigations of the slopes to the south and north of the A660 be undertaken for the following 
reasons: 

a) To investigate the effects resulting from the restored landfill (i.e., changes in loading near to an existing 
landslide by the additional weight of fill and possible changes in the groundwater table and 
groundwater flows). 

b) BGS suggested it was possible that the Pool Bank Quarry which worked the Addingham Edge Grit may 
have produced a line of weakness, which might, under certain conditions, form a future deep-seated 
failure plane. 

c) BGS postulated that it was possible that the lack of support to the north of the A660 due to active 
landsliding taking place in the former quarry waste materials, the weight of the landfill in Pool Bank 
Quarry, and possible increase in the groundwater table and groundwater flow in the landfill area south 
of the A660, could combine to produce conditions favourable to triggering a sizeable landslide. 

BGS therefore, recommended that the Pool Bank Quarry Landfill site should be investigated, that the 
groundwater regime and groundwater flow in and around the landfill should be monitored, and that a detailed 
stability analysis be undertaken of the former Pool Bank Quarry and the existing Pool Bank Quarry Landslide 
area to the north of the A660 (Cooper 1984). Based on the BGS recommendations, Leeds City Council 
Geotechnical Department carried out further ground investigations at Pool Bank Quarry Landfill and the Pool 
Bank Quarry Landslides north of the A660. They also undertook slope stability analyses for a series of potential 
slip surfaces relating to the former Pool Bank Quarry profile, Pool Bank Quarry Landfill and the Pool Bank Quarry 
Landslides north of the A660. As a result of these ground investigations and stability analyses, major engineering 
remedial works were designed in the late 1980s and constructed during the mid-1990s. The remedial works 
included the construction of an anchored retaining wall to support the A660 below the Pool Bank Landfill area. 
In addition, a series of inclined drainage boreholes were drilled beneath the A660 and inclined upslope. These 
boreholes were drilled to intercept specific areas of groundwater seepage identified in the ground investigations 
on the south side of the A660. The inclined boreholes were fitted with perforated pipes with a geotextile filter 
surround to form a series of inclined drains. The drainage water from the inclined drains was then transferred 
into carrier drains to be conveyed downslope. The carrier drains were designed to prevent any drainage water 
to seep into unstable landslide areas identified within the former quarry waste, tipped on the slopes north of 
the A660. 

Discussion 
The continued growth of Otley has meant that construction activity is now taking place on areas of potentially 
unstable ground with inherent geotechnical problems. Consequently, there is a greater requirement for a better 
understanding of the geotechnical behaviour of these unstable areas for future planning and development. At 
present the large deep-seated rotational landslides on the Chevin appear to be relatively stable under the 
prevailing climatic conditions and without significant human interference on natural slopes. However, the 
shallow landslides, mudslides and mudflows located on the middle and lower slopes are vulnerable to changes 
in their geometry and groundwater conditions. The majority of shallow landslides that occur today on the Chevin 
are not first-time failures but result from the reactivation of old failure surfaces. Landslides (whether active or 
dormant) are common features on the north-facing slopes of the Chevin. There are probably many shallow 
landslides on the lower parts of the Chevin that have lost their surface morphological evidence of mass 
movement processes through natural degradation processes or farming practices or have been obscured 
through urban development. However, shear surfaces relating to these mass movement processes remain below 
ground. These relic shear surfaces are now increasingly being recognised as important features in ground 



investigations being carried out for larger development projects, such as the proposed access road for the East 
of Otley Development. 
  
Figs 4a and 4b show the location of active areas of landsliding on the Chevin escarpment (Red asterisks). These 
areas of active landsliding are essentially located on the lower slopes of the Chevin and coincide with existing 
areas of shallow landslides, mudslides and mudflows. Many of the shallow landslides, mudslides and mudflows 
on the lower slopes of the Chevin are only marginally stable and can be easily reactivated through excavations 
to create steeper slopes, interference with slope drainage to elevate piezometric levels and by undrained loading 
by placing fill over former landslides. The reactivation of shallow landslides, mudslides and mudflows, therefore, 
presents a significant risk to development of the mid and lower slopes of the Chevin. The risk of reactivating 
former shallow landslides, mudslides and mudflows is also increasing due to the effects of climate change. There 
is now growing evidence of climate change with longer wetter periods in autumn, winter and spring and longer 
drier periods in the summer. At the same time there is increasing evidence of man-made interference with 
drainage on the upper and mid slopes of the Chevin relating to forestry operations, farming practices and also 
both residential and commercial development on the lower slopes within the suburbs of Otley. The identification 
of areas which have been affected by mass movement processes on the Chevin is therefore, of importance to 
the local authority, planners and developers. The construction of roads, buildings and placement of fill on former 
landslides, mudslides and mudflows can potentially reactivate movement since the failure criteria are 
significantly less than those on a stable slope. 
  
A number of measures are suggested to help maintain the existing conditions of the Chevin and prevent 
potential reactivation of slope failures. 
 

i) Completion of a series of geological hazard maps of the Chevin area which delineate, the geology, 
geological structure, geomorphology, hydrogeology, landslide types and areas of active instability. 

ii) Construction of an Engineering Geological landslide hazard map of the Chevin area. 
iii) Long-term surveillance landslide hazard maps recording changes in landform morphology through 

periodic LIDAR mapping, aerial photo and drone surveys. 
iv) Installation of groundwater monitoring installations and maintenance of long-term monitoring of 

groundwater within key locations within the Chevin landslide complex. 
v) Detailed Engineering Geological and Geotechnical Guidance to be provided to the Local Planning 

Authority in relation to any planning applications for development within mapped landslide areas 
on Otley Chevin. 

vi) Guidance for site investigation requirements and geotechnical requirements for foundation design 
of any developments taking place in mapped landslide areas on Otley Chevin. 

vii) Better drainage measures within the areas affected by landslides using the following: 
a) Installing shallow surface drains, approximately 1m deep, at the crest of landslipped areas, 

which will serve to collect the surface runoff and divert it away into the existing surface 
drainage channels. 

b) Installing a system of deep land drains within areas affected by landsliding to help reduce 
piezometric levels and prevent surface runoff and ponding. 

c) Installing horizontal drains at the more susceptible locations, such as along West Chevin Road 
and Pool Scar, to augment the deep land drains and prevent reactivation of shallow landslides, 
mudslides and mudflows. 

viii) Excavations in areas affected by landsliding may reactivate failures on pre-existing slip surfaces, 
steep cuttings may fail due to high pore-water pressure and the presence of slope materials with 
residual shear strength. The geometry of such movements cannot be predicted without detailed 
ground investigation to provide site-specific data on the geotechnical engineering properties of the 
ground. The possible kinds of failure to be encountered are small rotational slides in the upper part 
of the landslide area, translational slides along the interface between slipped material and the 
mudstone/shale bedrock, and large slides due to reactivation of the old slip surfaces. 
 
As the groundwater table is near the surface in the mid and lower slopes of the Chevin and slope 
materials are disturbed and at residual strength, instability of cuttings is highly probable. The 
stability of slopes excavated to 1:2 in landslipped material and Glacial Till will be problematic 
without groundwater lowering during excavation, long-term drainage, or the use of retaining walls. 
Cutting slopes steeper than 1:2 or deep cuttings should be avoided on the mid to lower slopes of 



the Chevin as demonstrated in the steep cutting slopes for the depot located off East Chevin Road, 
south of the Cattle Market (SE 206 449). 

ix) The mid and lower slopes which have been affected by shallow landslides, mudslides and mudflows 
are marginally stable. Careful foundation design is required to prevent reactivation of relic slip 
surfaces in such areas. Massive foundations and heavily loaded structures should be avoided. 
Construction of several structures simultaneously in landslide prone ground should also be 
avoided. Lightly loaded structures may be possible in some areas. Piled foundations are 
recommended, however, the design will require bespoke ground investigation. Careful and 
detailed ground investigation is required to derive geotechnical parameters for detailed slope 
stability analysis. The allowable bearing capacity must be determined for all structure foundations 
as this can vary greatly depending upon the degree of disturbance of the ground. 

x) Main roads constructed within areas affected by landsliding should be avoided or designed very 
carefully and only after detailed ground investigation and a programme of piezometric and ground 
movement monitoring. The engineering design for the proposed access road off the Otley Bypass 
roundabout to the proposed East Otley Development is posing significant problems due to the 
presence of unstable ground conditions north of the A660 Leeds Road/Otley Bypass roundabout. 

Similar issues to those described above are also faced by other towns along the Wharfedale valley including, 
Burley in Wharfedale, Ben Rhydding and Ilkley. 

Conclusions 
The north-facing escarpment of the Chevin comprises landslides covering an area of 4km2. There are over 
twenty-one large deep-seated landslide complexes with associated mudslides and mudflows, some of which 
extend 0.75-1km at their maximum extent. The large landslides have developed in the mudstone and shale strata 
which are overlain by massive, jointed gritstones and sandstones of the Millstone Grit Series. The rocks dip gently 
to the south out of the valley. 
 
Above the 120m contour, large deep-seated rotational landslides are located on the upper and mid slopes, 
affecting solid bedrock of the Addingham Edge Grit, mudstone and shale strata; these also include associated 
secondary rotational slides and mudslides on their surfaces. Downslope of these deep-seated landslides, 
secondary instability has led to the development of mudslides and mudflows which emerge from the debris 
apron toes of the higher deep-seated landslides. 
 
The morphology of the landslides on the upper and mid slopes of the Chevin comprises prominent back scarps 
and a series of large, rotated blocks and terraces relating to a series of retrogressive rotational failures. This 
morphology suggests multiple, successive rotational and translational movement. The deep-seated landslides 
show evidence of various types of landsliding mechanisms and can, therefore, be classed as complex landslides. 
Many of the retrogressive and successive landslides have been denuded on the upper and mid slopes by shallow 
slumping, mudslides and mudflow mass movement processes. Much of the landslide debris accumulations have 
been reworked by successive mudslides and in wetter areas as discrete mudflows. The mudslides and mudflows 
extend over most of the lower slope elevations between 105-60m. 

The morphology of the mudslides comprises a series of shallow spreads of material leaving discrete toe ridges 
and lobate features. The mudflows tend to be confined to more linear tracts within poorly drained shallow 
drainage channels and gullies. 

The sandstone and gritstone strata show three dominant joint sets, two vertical and one horizontal. The 
prevalent mode of failure in the sandstone and gritstone exposed edges is toppling accompanied by some 
sliding. The main cause of toppling is the cambering of the sandstone and gritstone edges caused by plastic 
deformation of the underlying mudstone and shale strata.  

The most significant effect of the Devensian glaciation was the over-deepening of the Wharfe valley by 40m. 
The final retreat of the glaciers left over-steepened valley sides in an unstable or metastable state with massive 
sandstone and gritstone strata overlying weak mudstones and shales.  

The role of deglacial unloading and resulting paraglacial stress-release in conditioning or triggering slope failure 
in the weak mudstone and shale slopes was an important factor affecting the Chevin escarpment 
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