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ABSTRACT
A rain storm (>1-in-200 yr) following high antecedent rainfall in August 1986
triggered four debris slide-flows on the slopes of the Cloghoge Valley in east-
ern Ireland. Failures occurred at the bedrock interface underlying shallow (~1
m) soils on slopes between 19° and 35°. Resistance to shear of the soil ranges
from 26 to 32 kN/m2 and liquid limits range between 34 percent and 58 percent
and these thresholds were exceeded.  The debris slides were rapidly transformed
into high velocity debris flows that felled trees, stripped bark and incised gul-
lies. The average velocities were estimated to be between 3 and 7 m/s. Factors
influencing failure location include local slope morphology, soil depth, prefer-
ential groundwater seepage, and natural and anthropogenic surface runoff rout-
ing. Conclusions are drawn as to the general mechanisms of small-scale slope
failures resulting from saturating rainfall on upland glaciated slopes. 

Key index words: Debris flow, peat slide, high magnitude rainfall.

Introduction

Slope failures are important geomorphological agents in shallow periglacial and glacial
soils, particularly on the steep sides of small upland valleys in northwest Europe (Newson,
1980). Given that global climate models predict increased precipitation for northern latitudes
(IPCC, 2001), there is a pressing need for investigations into the response of slopes to current
climatic extremes. Although, failures triggered by intense, mid-to-high latitude storms are
likely to be spatially widespread (Brooks and Richards, 1994) they have received little
attention in Ireland relative to those in bedrock and peat (e.g. Alexander, 1986; Colhoun,
1965; Coxon et al., 1989; Douglas, 1980; Dykes and Kirk, 2001; Prior et al., 1968; Tomlinson
and Gardiner, 1982; Wilson and Hegarty, 1993) or those resulting from past anthropogenic
land use practices (McGreal and Lamour, 1979; Moles et al., 1999) and deglacial processes
(e.g., Prior et al., 1968; Whittow, 1974). 

During August 1986 extreme rainfall caused major flooding and numerous shallow
failures on slopes throughout eastern Ireland (Bourke, 1990; Croke, 1994; Dixon, 1987).
Similar effects were reported as the low-pressure system passed over northern England and
Wales (Carling and Grodek, 1994; Newson and Macklin, 1990; Shawyer, 1987).  This paper
describes the failures and the nature of the viscous flow by presenting morphological,
textural, geotechnical and facies data. This is followed by a discussion of the modification of
the valley floor slope deposits by concurrent fluvial activity. Finally, factors that contributed
to the location of the failures are identified. 
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Study area

The Cloghoge Valley (53°5´N, 6°16´W) is located in the Wicklow Mountains, 28 km
south of Dublin City, eastern Ireland (Figure 1). The upper part of this 35 km2 catchment is a
wide, gently sloping moorland valley underlain by the Paleozoic granites of the Caledonian
Leinster Batholith. The lower part of the valley, in which the slope failures occurred, is a 250-
300m deep, trough-shaped glaciated valley underlain by mica schist of the granite
metamorphic aureole and by the slates and grits of the early Paleozoic. Side slopes in this lower
valley are asymmetric (east facing 14-25°, west facing 18-38°) reflecting the east dipping
meta-sedimentary rocks and the tendency of the river to shift to the east. The often irregular
topography of the slopes reflects glacial features and past slope failures which include a deep
rotational rock slump. Valley slope regoliths are characterized by shallow soliflucted till and
frost shattered talus. The valley bottom contains lateral and recessional moraines, two moraine-
dammed lakes, pro-glacial outwash terraces and Holocene floodplains. Blanket peat covers till
and weathered granite in the upper catchment, and peaty podsols and lithosols occur on the
slopes in the lower valley. Regolith thickness averages 1m and peaty surface horizons vary in
thickness from 0.10 to 0.45m in the failure locations. Improved grassland dominates the valley
floor and the slopes are covered by bracken (Pteridium aqualinum), grasses and, in places, by
planted deciduous and coniferous forests. On steeper slopes the forests have shallow root
systems and a lightly grazed understory.

The storm

During the night of 25 August 1986 a deep offshoot depression from the degraded
Hurricane Charley system, that had developed in the Gulf of Mexico ten days earlier, brought
continuous heavy rain and gale force winds across southern Ireland and Britain. The highest
rainfalls for this event occurred in the northern Wicklow and southern Dublin Mountains and
exceeded many previously recorded twenty-four hour maxima. Interpolations of rainfall over
the study catchment indicate 24-hour rainfall totals of 150 mm rising to >200 mm. The seven
rain gauges close to the study area received between 150 percent and 230 percent of the
August monthly average during the storm. Estimates based on data since 1941 indicate a
return period of over 200 years for these falls (D. Fitzgerald pers. comm.) (Table 1). 

Table 1: Site characteristics and rainfall data for the Cloghoge failures.

Nearest Raingauge Roundwood Valve tower
Mean annual temperature (0C) Dublin 9.5
Mean annual rainfall (mm) Dublin 762
Study area rainfall record since 1941
Relief range (m) 215
Bedrock Schist
Regolith type Peaty Podsol developed on glacial deposit
Rainstorm date 25/26 August 1986
Rain total (mm) 188.5
Rainfall intensity (Dublin Airport) 7.2 mm/ 60 mins.
Duration (h) (Dublin Airport) 21 hours
Rainstorm type Convection
Rain return period >200 years 
Catchment area (km2) 35.2
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Figure 1: Location of the slope failures in the Cloghoge catchment, eastern Ireland. Failures A and B
entered into Lough Tay. 
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Although the storm had low peak rainfall intensities over short durations, e.g. 2 mm/5
minutes during the 21-hour storm (recorded 40km north of the catchment), the event is notable
for rainfall totals with durations of six (28.8mm), twelve (52.1 mm) and 24 hours (72.4 mm)
(O’Reilly, 1987). These values do not exceed the intensity-duration threshold identified for
shallow landslips (Caine, 1980). Rainfall in the 24 days preceding the storm was unusually
high for August and it is likely that a combination of antecedent saturating conditions and a
long duration, high magnitude rainfall event triggered the 1986 Wicklow failures. In an
analysis of rainfall records at eight Irish stations since c.1940 Kiely (1999) detected a change
in the precipitation regime after 1975 which may be linked to a change in the North Atlantic
Oscillation. The analysis showed an increase in the annual precipitation of ten percent;
particularly on the west coast. This precipitation pattern was also associated with an increase
in both the frequency of extreme events and the magnitude of events of all durations. Although
data are not available to test correlations with slope failure frequencies, these results, when
coupled with global climate model predictions of increased precipitation for northern latitudes
(IPCC, 2001) suggest an increase in the frequency of slope failures in Ireland. 

Methods

The slope failures that occurred in the Cloghoge valley are complex failures, specifically
debris slides/flows (Varnes, 1978) and are labeled A to D in Figure 1. Field data collection
began six months after slope failure. Limited remedial measures undertaken by the Cloghoge
estate managers cleared slope debris from narrow access roads that cross the tracks of
Failures A, B and D, otherwise the failures remained in a natural state and are being
monitored to assess recovery rates and processes. 

The planform, gradient, cross sections and long profiles were surveyed by theodolite and
level. Representative sediment sample sites were selected in each of three morphological
areas and the failure morphology was measured, documented and photographed in the field.
The dimensions of smaller features, e.g. transported slabs of intact soil, were measured by
tape and their position was determined by levelling. The area and volume of the slides were
calculated from the surveyed data. 

Measured properties of the slope regolith and sediment include size (dry sieve to ½ø
interval, n=31), organic matter content (loss on ignition, 400oC for twelve hours, n=25), liquid
limit (drop-cone penetrometer, n=21). Standard laboratory methods were followed (British
Standards Institution, 1975). 

Shear strength measurements were made in the field and in the laboratory. Undrained
field tests were undertaken as a preliminary assessment and to determine the degree of spatial
variation. Site D was the most easily accessed and was selected for the preliminary field
measurements. A field vane (n=4) was used to sample at depths between 35 –70 cm below the
surface and a smaller hand held vane was used to test for vertical variation in shallow exposed
soil sections (c.<1 m) (n=11). For laboratory measurements large blocks of soil were cut from
the head scarp of each of the four failures and carefully packed and sealed in plastic. The peak
drained shear strength of each sample (100 mm x 100 mm) was calculated using a shear box
apparatus. Normal loads were up to 40 kPa and a shearing rate of 0.004 mm-1 was used to
prevent the buildup of pore water pressures. 
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Figure 2: Planform, long profile and representative cross sections of Failure D. Location of cross
sections are indicated by arrow heads on the long profile and plan-form map.
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Table 2: Summary geomorphological data for the Cloghoge failures.



Failure morphology

Three morphological areas were identified in each failure; the slip-face failure zone (the
source), the track and the depositional lobe (see inset, Figure 2). Due to the similarity of the
four failures, the following sections summarise the principal morphological characteristics.
Data on the individual failures are presented in Table 2, and a representative failure (Failure
D) is illustrated in Figures 2 and 3.

Slip-face failure zones

The source areas of failures were small (350-410 m2 and 4385 m2) and the average depth
to failure plane (approximately 1m) decreased downslope from the headwall. The depth (D)
to length (L) ratios (D/L<0.05) of the slide scars are typical for small debris slides

Rainfall triggered slope failures 7

Table 2: Summary geomorphological data for the Cloghoge failures (continued).
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(Hutchinson, 1988) but the length to width (W) ratios (L/W >5-10; Table 2) are less than those
reported by Hutchison (1988). Gradients were steep, varying from 19° to 32° (Table 2). Long
profiles were concave and complex (Figures 3 and 4). The slip floor was generally covered
in rubble sourced from the exposed and weathered bedrock and included some boulder sized
glacial erratics. The smaller clasts were often arranged in clusters at local breaks in slope (see
Figure 5 for representative slip-face). The unfailed soil, located immediately upslope of the
head scar is very poorly sorted (Table 3). This may be a key factor in the low strength and
high mobility of the Cloghoge failures. Rodine and Johnson (1976) found that poor sorting is
a principle factor that enables debris to flow on relatively low slopes.

Soil slabs were present in three of the source areas and varied in size from 0.5m to 10m
wide (Table 2 and Figure 2). Many retained the internal structure and vegetation mantle
despite being moved downslope (Figure 7). Subsequent erosion of the slip face by runoff was
organised in rills and gullies that flow onto the track and lobe and remain active today.
Tensional fissures extended from the head and side walls and upslope of the slip areas (e.g.
Figure 2). In Failure B significant movement downslope along the tension fissures in the
sidewall produced an irregular planform. In one example, the movement of soil over bedrock
opened a tensional fissure 10m wide downslope, but in most cases movement was less than
30cm, and few of the fissures reached bedrock. 

Tracks

Debris flow tracks generally widen downslope particularly in locations where local slope
angles decrease. Log jams influenced flow path direction in the steep deciduous forests in
Failures A and B and formed where the force of the flow snapped small trees (0.20m
diameter) at 0.3-0.5m above ground level causing a buildup of debris and deflection of flow.
At only one site was the build up of sediment sufficient to breach a log jam. Deposition along

Figure 3: Oblique photograph of Failure D on c.19º slope. Sediment in foreground is reworked by
overbank flood from the triggering rainfall event. Floodplain is locally aggraded by a thin debris flow

matrix supporting boulders and rafts of soil. Photograph taken looking upslope from floodplain.



the track was minimal and usually took the form of isolated clasts, log jams and cobble-gravel
clusters trapped upslope of trees. The sediment size varied from coarse cobble to silty fine
sand, the latter being splattered to a maximum of 5m up tree trunks. Many trunks had the bark
stripped from their up-slope side. 

Table 3: Sediment characteristics, organic content and liquid limits of three sedimentary units. 

Sediment Mean grain Sorting Organic Content Liquid Limit
size (φ) (LOI) (%) %

Peaty Podsol
Mean -0.08 3.14 15.5 48.0
range 0.83 – -10.3 2.45 – 3.7 4.6 – 47.5 34 – 58
n 4 4 10 6

Debris Flow
mean -0.5 0.77 14.9 70.6
range 0.71 – -5.72 0.67 – 3.08 2.7 – 49.43 46 – 90
n 22 22 16 14

Fluvial units
mean -2.1 2.56 0.49 33
range -1.66 – -2.5 2.48 – 2.64 0.48 – 0.49 32 – 34
n 2 2 2 2

Deposition lobes

Data on the deposition lobes of the Cloghoge Valley failures were available only for site
D as the deposits of Failures A and B entered Lough Tay (Figure 1). Those of Failure C were
not evident due to the low volume of material and the vigorous regrowth of vegetation.
Photographs taken on the morning following the storm show that the deposits on a vehicular
track crossing Failures A and B contained branches, twigs, cobbles and gravel supported in a
muddy matrix. Turbulent water was still flowing from a gully onto the road indicating that
runoff continued for several hours after the failure. Unfortunately, the deposits were cleared
from the access road before this study began.

The elongated terminal deposit of Failure D ran out onto the right bank floodplain of the
Cloghoge River and covered an area of 12,750 m2 (Figures 2 and 3). The lateral edge of the
deposit was well defined by a convex break in slope (Figure 2 profile c). The distal reach was
reworked during the following 24 hours by the Cloghoge River. The lobe, excluding the
embedded boulders, was a thin (0.15-0.5m) deposit with a surface relief of ~ 0.2 m. Deposits
consisted of isolated boulders (intermediate axes are between 0.7m and 1.2 m), that were most
densely distributed in the proximal to mid lobe, and slabs of intact soil, located on top of, or
partly immersed in a very poorly-sorted medium sand deposit (Figure 7). The debris flow
matrix had a gravel content of 25 percent and silt/clay of 15 percent. Stratification and clast
orientation were not present and the contact with underlying floodplain vegetation was non-
erosional. Facies are similar to the dilute debris flow facies described for the Howgill Fells
(Wells and Harvey, 1987). 

Rainfall triggered slope failures 9
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Fluvial modification of debris flow deposits

The debris flows were followed by a more fluid phase but there is an absence of evidence
for transitional facies found by others (Wells and Harvey, 1987). Two types of fluvial deposits
are preserved in failure D. The first is associated with drainage from a gully which flowed
from the source area to the distal lobe, depositing very poorly-sorted fine gravel in small
(<0.3 m) levées, terminating in a small fan. A second fluvial unit, composed of moderately
well-sorted coarse gravel, is located between the lobe and the Cloghoge River bank. This bar,
sourced from the debris flow and post failure gully deposits, was streamlined and winnowed
by overbank flow from the Cloghoge River shortly after the debris flow had ceased (Figure
3). Its sediments are coarser and more angular than the thin sandy overbank deposits on the
floodplains upstream (Bourke, 1990). The debris flow sediments, reworked by both gully
runoff and overbank flow have lower silt/clay and organic content (<1%) and a higher gravel
content (55% to 70%) than the debris flow matrix. No channel change was observed
downstream from the landslide. Attributes of the three stratigraphic elements (debris flow,
gully and overbank) are presented in Table 6. 

Others have reported the transportation of failure sediments to floodplains and channels
(e.g. Alexander, 1986; Carling, 1987; Coxon et al., 1989; Harvey, 1986; Newson, 1975;
Newson, 1980; Tomlinson, 1981). The runout of failure D onto the floodplain during the
overbank river flood suggests that there is the potential for preservation of slope failure
deposits in floodplain sequences in upland Ireland. Figure 6 illustrates the cross section
stratigraphy of the debris flow deposit on the Cloghoge floodplain. It is representative of a
rainfall triggered failure that is concurrently modified by overbank flow. 

Similar facies may be located in other floodplains and terraces in upland regions in
Ireland but, as yet, they have not been reported (Croke, 1994; Gallagher, 1991; Glanville,
1999; Glanville et al., 1997; Thorp and Gallagher, 1999). This may be due to burial under
deep stratigraphic sections, implying rapid alluviation. Alternatively, it may be a result of the
periodic removal of valley floor alluvial sequences by high magnitude floods (Croke, 1994;
Glanville et al., 1997). Certainly high magnitude flows can trim mass wasting deposits on
floodplains (Miller, 1994). Further field studies are required to determine the possibility of
identifying past slope failures in floodplain and terrace sequences. 

Geotechnical properties

The Shear box results (Figure 8) indicated that the resistance to shear was provided by
both internal friction and cohesion and therefore the Coulomb equation was applied. The
results, presented in Table 4 indicate that effective shear strength of the peaty podsols range
between 21 and 34 kN/m2. These are similar to data  published for peat in county Fermanagh
(Dykes and Kirk, 2001) (34 kN/m2). Many of the shear box tests showed erratic or unsteady
shear failure (Figure 8). This is due to the nature of the sample, e.g, fibrous peat or the
presence of large particles embedded in the sample. Samples from Failures A and D, although
possessing high frictional strengths (Φ’ = 44ºand 40º), recorded low cohesive strengths (C’ =
8 and 5 kN/m2) and as a result these samples had the least resistance to shear. These cohesion
values are similar to that of measured by Carling (1986) for a peat sample in the Langdon
head slides (8.75 kN/m2). The sample from Failure D had the lowest cohesive strength and
the lowest clay content (Table 4). 
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Figure 4: Long and cross profile of Failure B. Arrows indicate slip face location. 

Figure 5: Slip face of Failure A. Cobble clusters collected at minor break of slope and small vegetated
slabs. Water pipes from road is located at the base of dry stone wall at top right and left of photograph. 
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Table 4: Debris flow geotechnical and velocity data.

Failure A Failure B Failure C Failure D

φ° 42.0 38.5 21.5 40.0
Cu (kN/m

2
) 8.0 16.0 23.8 5.0

Resistance to Shear (S) (kN/m
2
) 26.0 31.9 31.67 21.78

Silt/Clay (% of entire sample) 10.52/2.29 6.57/0.73 11.63/2.62 0.89/0.11
*Average Depth (m) 2.59 3.17 nd nd
#Slope (m/m) .4055 .3589 nd nd
Average Velocity (m/s) [1] 2.2 nd nd nd
Average Velocity (m/s) [2] 7.30 7.80 nd nd
Average Velocity (m/s) [3] 7.78 8.60 nd nd
Average Velocity (m/s) [3] 0.95 0.08 nd nd

*Average depth of debris flow tracks as determined by mudlines on trees. 
#Slope of track. Total resistance to shear (Coulomb equation), silt/clay content. 
Empirically derived average velocities of debris flows in track (see text): [1] Costa (1984), 
[2] Kherkheulidze in Niyazov and Degovets (1975) [3] Sribniy, in Gol’din and Lyubashevskiy (1966).

In failure D, a field vane was used to determine the undrained shear strength upslope of
the head scarp, in the large raft of soil resting in the source area and in the depositional lobe.
The hand held vane was used to test for variability in the profile between the organic rich
horizon and the underlying soil. The hand vane data for Failure D (Table 5) indicate that higher
critical shear stress was required to fail the non-organic rich soil. This trend is supported by the
field vane and triaxial data but the range of values are small and the data points are few. The
data suggest the influence of organic content in reducing the threshold for slope failure. 

Table 5: Shear stress required to fail soil samples in Slope Failure D determined by different
methods– Zone 1: unfailed regolith, Zone 2: slip face, Zone 3: track, Zone 4: lobe. 

Soil Type Zone Shear Box Hand Vane Field Vane Trixial
(kN/m2) (kN/m2) (kN/m2 ) (kN/m2 )

Organic horizon 1 nd 17.3 nd nd
1 19.02 nd nd nd
2 nd nd 15.02 14.52

Non-organic horizon 1 nd 26.7 nd nd
1 nd 21.78 21.15 nd
2 nd 30.06 nd nd

Debris flow 4 nd 29.00 22.43 19.22

Measurements were made to assess the stability of the reconstituted deposit. The liquid
limit and shear strength data indicate a higher stability relative to the unfailed soil. This result
suggests that the deposits of debris flows may have higher internal strength relative to the in
situ periglacial and glacial deposits that mantle the valley sides. This is important for the
stability analysis of slope deposits that do not reach the valley floor. 



Rainfall triggered slope failures 13

Figure 6: Schematised cross-section stratigraphy of debris flow deposits overlying the Cloghoge
floodplain (see location in Figure 2). The stratigraphy includes large boulders and organic rich

gravel and boulder-size inter-clasts, supported in a fine grained matrix. These overlie a fine grained
vertical accretion floodplain (see Table 6). 
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Mode of failure

In all of the Cloghoge failures, rapid mass movement of soil started with a slide which
was transformed into a debris flow. The failures were associated with a period of particularly
heavy rainfall. Direct hydrological input from rainfall, runoff and throughflow, aided by low
permeability of the underlying bedrock, caused a rapid increase in subsurface flow and
movement along the soil/bedrock interface. 

The exposure of bedrock on the slip surface indicates that failure occurred at the interface
between the soil mantle and the underlying bedrock. The arcuate form and vertical headwall
in combination with the preservation of intact soil slabs with minimal deformation in the slip
face area suggest that the failure at all four sites occurred as gravitational sliding of a solid
mass as opposed to a flowing mass. However, the different slip face morphologies suggest a
different mode of rupture at each site. Slope Failures A and C achieved total separation of the
soil mantle from the bedrock. This was probably due to the complete saturation of the soil by
preferential slope runoff routing. In the case of Failure A two drainage pipes directed water
from the paved road surface to the slip area (Figure 5). Similarly, at Failure C slope runoff
collected along an access track, concentrated at a local slope concavity where the surface
runoff drained through a gap in a dry stone wall located above the slip area. The absence of
any clear indication of surface runoff upslope of Failure B may explain why it did not attain
complete separation in the slip-face area. 

Table 6: Morphostratigraphic and sedimentary characteristics of the debris flow lobe of
Failure D.



The sinuous headwall at Failure D was most likely formed by continuous retrogressive
failure at the headwall where two small drainage lines emanate from a saturated zone some 4-
5m upslope (Figure 2). Although the majority of the slip area soil was transported 200m
downslope, Figure 2 (inset) shows a 30m long slab that came to rest 7m from the headwall.
The re-stabilisation of the slab indicates a rapid dissipation of porewater pressures (Carling,
1986.

Nature of debris flow

The transport of sediment through the track zone, and the nature of sediments preserved
in log jams, behind trees and plastered to the upslope side of trees indicate that the debris
slides rapidly transformed into debris flows. There is uncertainty about the exact mechanisms
by which slope failures become debris flows (Corominas et al., 1996), but dilatancy and the
incorporation of additional water through tensile cracks develops as the slide moves. This
commonly causes loss of structure and liquefaction (Campbell, 1975; Costa, 1984; Johnson
and Rahn, 1970; Pierson, 1980). 

The timing and position of this transformation varies at each site, and observations (e.g.
Johnson and Rahn, 1970; Johnson and Rodine, 1984; Pierson, 1980) demonstrate that sliding
movement can change within seconds to flowing movement. The translation of slides into
debris flows is usually more rapid when liquefaction rather than dilation occurs, due to the
increase in water content required in the latter process (Ellen and Fleming, 1987). The nature
of the deposits, for failures A-C, indicates that transition was rapid and occurred immediately
below the lower margins of the slip face area. The change from a solid to a viscous fluid also
changes the resistance to downslope movement from sliding friction to the viscosity of the
flow. This allows newly formed debris flows to accelerate quickly and attain high velocities on
steep slopes (Costa, 1984).

Rainfall triggered slope failures 15

Figure 7: Peat slab (a) perched on a boulder (b) overlying matrix supported gravel (c) in lobe of
Failure D. Scale bar at base of slab is 10 cm. Photo taken 1 January 2000.
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The tracks of Failures A and B flowed through forested slopes and the incidents of felled
trees and stripped barks indicate the erosive nature of the flows. The stripping of tree bark on
the upslope side was more prevalent in the upper section of the track and extended to a height
of 2m in places but decreases downslope as the flows progressively thinned (Figure 9). Bark
stripping was heaviest in the centre of the flow path and diminished towards the edges (Figure
9a), this has also been reported by others (e.g. Costa and Jarrett, 1981). As noted elsewhere
(Blackwelder, 1928; Temple and Rapp, 1972), not all the erosion found in the tracks can be
attributed to debris erosion scour. Rather, it can be accounted for by fluvial abrasion which
follows the passage of the debris flow front. 

There are few accounts of the nature and properties of viscous debris flows (e.g.
Dowdeswell et al., 1988). Profiles of the flow were derived from mudline measurements on
the upslope side of trees along the flow axes of failures A and B and across the lower track of
Failure A (Figure 9). The data represent a combination of the maximum flow thickness and
the maximum flow velocity at a given point on the slope because the relative elevation of
mudlines is related to flow velocity through the super-elevation of viscous material at an
obstacle (Costa, 1984). The cross section data (Figure 9a) indicate a depletion of flow at the
edges and support an interpretation of a rapid decrease in point velocity towards the edge of
the flow (Costa, 1984). The peak value corresponds with the location of the main gully.
Samples at this point also had small pebbles embedded in the mud on the upslope side of the

Figure 8: Horizontal displacement graphs.  Shear box displacement tests were performed on soil
sampled upslope of the failure source area. Failures A to D (a-d). 
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Figure 9: Mudline, stripped bark and debris height on upslope side of trees. a) A cross profile
measured across the lower track of Failure A. b) Long profile of flow of the upper portion of Failure A

track. c) The lower portion of track B. 
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tree trunk. The position of the peak implies that the majority of sediment flow was
concentrated in or around the main gully. The rapid decrease in number and elevation of
continuous coatings on trees close to the sides of the flow together with the absence of
mudlines on the downslope side of most trees indicated the relative high viscosity of the flow.
The mudline long profiles are more irregular and the major peaks in the data for Failure B
correspond to the position of debris jams (Figure 9c) confirming the expected (if temporary)
build up of debris upslope of jams. One tree had mud lines preserved on the upslope (2.8 m)
and downslope (2.3m) side of the tree. This data was applied to the velocity head equation
suggested by Costa (1984) for debris flows:

Δh=α v2 / 2g (1)

where Δh is the elevation difference between the upslope and downslope side of the tree, α is
the velocity-head coefficient (2 for turbulent flow, Kherkheulidze, 1967), g is gravitational
acceleration, and v is average velocity (m/s). The result indicates a mean surface flow
velocity of 2.2 m/sec (Table 4) however this method has not been tested against measured
debris flow data (Costa, 1984).

Three additional equations were applied to the debris flow data from failures A and B
utilizing slope and particle size data (given the absence of mudline data):

(2)

(3)

(4)

where V is average velocity (m/s), y is the average depth (m) of the flow, is the average
particle diameter (m), and S is the slope (m/m). These methods, reported by  Kherkheulidze
(in Niyazov and Degovets, 1975) and Sribniy, (in Gol’din and Lyubashevskiy, 1966) estimate
a higher velocity (c.7 m/sec) for the Cloghoge debris flows than the velocity head equation
(Table 4). Costa (1984) compared the estimated velocities of formula 2 and 3 to measured
debris flow characteristics from a range of sites (Table 7 in Costa, 1984) and found the
observed and estimated results were close in only one of the seven case studies. The empirical
methods tended to both overestimate and underestimate the measured average velocities.
Given this, the velocities for the Cloghoge failures are reported here to lie between 2 and 7
m/s (Table 4).

Control on failure location

There was no consistent relationship between the location of the failures and slope
steepness; many locations with steeper slopes did not fail. The gradients of the failure planes
in the Cloghoge valley varied between 19° (Failure D) and 35° (Cloghoge A) and indicate
variability in the slope threshold (Table 2). The data lie in the range of reported failures
between 37° recorded for shallow landslips in glacial sediments in the Glencullen Valley,
eastern Ireland (Statham, 1975) and exceeded the 10° slope threshold identified for blanket
peat failures in Northern Ireland (McGreal and Lamour, 1979).

Slope profile data show that the failures were located at or immediately below a change
in slope profile from convex to concave (e.g. Figure 4). This suggests that the failures may

– –



have been located, at least in part, through a combination of downslope increasing water per
unit volume of soil that concentrates soil water flow lines which, linked to a local gradient
threshold, causes failure at the regolith base. Similarly, Williams and Guy (1973) found that
many of the failures they studied began immediately below the inflexion between convex
upper and lower concave-straight slope sections. Perhaps of greater significance is the
location of the failures in cross-sectional hollows (Figure 4) that cause the convergence of
surface and groundwater flow. Others (Costa, 1984; Rapp and Stromquist, 1976) have
commented on the role of such hollows in promoting failures. Saturation of the soil/regolith
was further facilitated by impermeable bedrock at around 1m below the surface. In addition,
a buildup of organic matter and soil in-wash into hollows is an important determinant leading
to slopes slowly coming closer to failure through time (Dietrich et al., 1986).

Concentrated surface flow was a likely contributing factor in three of the failures
(Failures A, C and D). Road drainage pipes above Failure A directed surface flow to the area
that failed and a breach in a track wall 30m upslope from failure C focused surface flow there.
Similar overcharge by drains has been reported by Carling (1986). 

Preferential channeling of surface water to the failure plane may be facilitated by the
development of tension cracks formed during prior periods of drought or previous episodes
of soil saturation. In the Cloghoge valley, however, tensional fissures were exclusively
associated with the headwalls of failure scars and were not found in other locations in the
valley. This observation and the fresh, non-vegetated faces of the tension cracks indicate they
formed at the time of the failures and were not predisposing failure locators. Tension cracks
almost certainly aid the development of pipe networks (Blong and Dunkerley, 1976) and soil
pipes have been noted as causative factors in other failures (Carling, 1986; Temple and Rapp,
1972). However, no pipes were found in the headwalls of the Cloghoge slides. Prior and
sustained water flow at the bedrock interface can be indicated by stained and water worn
bedrock along the failure (Gifford, 1953). No such features were observed during this study
although it is possible that these may have been removed at the time of failure. Collectively,
these observations suggest that preferential subsurface flow, channeled between the failure
and its floor prior to the event, may not have played a primary role in detaching the soil that
failed from the bedrock below.

Long-term saturation of the soil is inferred to have been a contributing factor, in at least
the failure of site D. Aerial photographs from 1984 show that both the location of the failure
and its planform mirror that of a vegetation flush. Vegetation flushes generally indicate
saturated groundwater conditions and suggest that the groundwater level, porewater pressures
and movement through the material in this location were high prior to the 1986 storm. These
long-term saturated conditions may have led to the low shear strength of the soil (Table 5) and
elevated and sustained pore water pressures. This may also account for the location of failure
D on a significantly lower gradient (19º). Other failures have been associated with patches of
wet vegetation in Exmoor (Gifford, 1953) and vegetation flushes in the Northern Pennines
(Carling, 1986).

Summary

Four debris slides-debris flows triggered by a storm in August 1986 occurred in the
Cloghoge valley. Unusually wet antecedent conditions contributed to the effect of the storm
rainfall. The failure plane was located at the soil-bedrock interface on slopes between 19° and
35°. The resistance to shear of the podsols range from 26 to 32 kN/m2 and liquid limits lie
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between 34 percent and 58 percent. These thresholds were exceeded as soil moisture contents
and hence soil water pressures rapidly increased. The debris slides were transformed to high
velocity debris flows that felled trees, stripped bark and smeared mud and pebbles up to a
height of 5m on the upslope side of trees. Average velocities of the debris flow are estimated
to be between 3 to 7 ms-1. Strong hydraulic pressures, exacerbated by slope form were the
primary factors influencing failure location. The lobe of one failure contributed to local
floodplain sedimentation during overbank flooding associated with the same rainfall event. 
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