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The western coast of Norway is particularly vulnerable to active rockslide development due to the recent post-glacial uplift and
the deep incision of the fjords created by glacial activity, leading to extremely steep fjord sides. The purpose of this work was to
determine the influence of structural geology on the hazard analysis related to large rock avalanches in the Storfjorden area. This
isan areawere severa historical rock avalanches and related tsunamis have led to disasters with many people killed. Geological
studiesin the fjords have also shown that such large-scale events are relatively frequent in the region. The investigated areais 360
km? and comprises Sunnylvsfjorden, Geirangerfjorden, Norddalsfjorden, Tafjorden and the southern part of Storfjorden. We have
examined over 40 potential landslide sites within this area. The objective wasto determine if a series of particular geologica
factors were important for landslide evolution in order to construct a predictive geometrical model for the development of
landslides within the area. Regional foliation mapping has shown a series of complex recumbent isoclinal folds in the host
granodioritic to dioritic gneisses, where the average dip of the foliation is between 20-40°. The fjord system in Storfjorden
consists of several east-west and several north-south trending fjords. At many sites, we have observed basal planes of possible
rockslides developed parallel to foliation. Therefore, the orientation of the foliation with respect to the fjord can result in
geometrically different types of landslide geometry and related hazard. The potentially active areas can be divided into two
geometrical groups. These arei) toppling and ii) sliding. Detailed structural fieldwork has demonstrated that the toppling
geometry make up the smallest volumes of potential landslides and in particular in specific areas where the foliation dips in the
opposite direction to the fjord. Rockslides display the largest potential landslide volumes and occur specifically where the pre-
existing structural geometries are favourable. i.e. rock slides occur where the foliation dips between 20-35° towards the fjord.
This allows for the construction of a predictive spatial-geometrical model for the development of large rockslides in the
Storfjorden area. Severa critical factors must be present for the development of large potential rockslides. These are: 1) the
orientation of the foliation with respect to the fjord. 2) The presence of a Basal Shear Plane (BSP) at the base of the potentialy
moving block. This can be arelatively planar structure but more often displays a complex step geometry due to the complexity of
the fjord-dipping foliation. 3) The presence of afault breccia on the BSP. These non-cohesive fault rocks demonstrate that the
detached block is actually moving and at the same time provides a lubricating base for the block movement. 4) The presence of
exfoliation which weakens the BSP. 5) The presence of a steep extensional fracture at the back of the moving block — a'back
crack'- which is necessary to detach the block. This also includes the sign of active postglacial movements leading to open tension
cracks on top of the potential failure block. Where these factors are not present, there is generally no evidence for activity in the
hangingwall block (hangingwall disintegration by fracturing, kinematic indicators, breccia devel opment). 6) The presence of
transfer faults with strikes parallel to the movement direction of the block in order to detach the block from the mountainside. We
find that many back cracks are localised on and reactivate pre-existing geological lineaments. Small-fold devel opment within the
foliation also appears to have alarge affect on the development and movement of rock-slope failures. We present a geometrical
model for the development and predicted location of the largest potential rockslidesin the Storfjorden area.

The pre-fieldwork analysis of aerial photos allowed the identification of 49 different sites in the Storfjorden area which required
field investigation, based on the presence of observed strong lineaments, obvious block detachments or the presence of active
talus dopes. From the 49 sites identified, extensive fieldwork determined that 35 of these may have evidence for recent
movement. Among the sites studied in 2005, 15 should be visited again in 2006 to collect more data and improve the knowledge
of structures involved in the rockslides and to collect new GPS measurements to determine the magnitude and direction of
displacement. Thiswork will be integrated with two international groups focusing on hazard analysis in Storfjorden
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ABSTRACT

The western coast of Norway is particularly vulnerable to active rockslide development due to the
recent post-glacial uplift and the deep incision of the fjords created by glacial activity, leading to
extremely steep fjord sides. The purpose of this work was to determine the influence of structural
geology on the hazard analysis related to large rock avalanches in the Storfjorden area. Thisis an area
were severa historical rock avalanches and related tsunamis have led to disasters with many people
killed. Geological studies in the fjords have also shown that such large-scale events are relatively
frequent in the region. The investigated area is 360 km? and comprises Sunnylvsfjorden,
Geirangerfjorden, Norddalsfjorden, Tafjorden and the southern part of Storfjorden. We have examined
over 40 potential landdlide sites within this area. The objective wasto determine if a series of particular
geological factors were important for landslide evolution in order to construct a predictive geometrical
model for the development of landdlides within the area. Regional foliation mapping has shown a series
of complex recumbent isoclinal folds in the host granodioritic to dioritic gneisses, where the average
dip of thefoliation is between 20-40°. The fjord system in Storfjorden consists of several east-west and
several north-south trending fjords. At many sites, we have observed basal planes of possible
rockslides developed parallel to foliation. Therefore, the orientation of the foliation with respect to the
fiord can result in geometrically different types of landslide geometry and related hazard. The
potentially active areas can be divided into two geometrical groups. These are i) toppling and ii)
diding. Detailed structural fieldwork has demonstrated that the toppling geometry make up the smallest
volumes of potential landslides and in particular in specific areas where the foliation dips in the
opposite direction to the fjord. Rockslides display the largest potential landslide volumes and occur
specifically where the pre-existing structural geometries are favourable. i.e. rock slides occur where the
foliation dips between 20-35° towards the fjord. This allows for the construction of a predictive spatial-
geometrical model for the development of large rockslides in the Storfjorden area. Severd critical
factors must be present for the development of large potential rockslides. These are: 1) the orientation
of the foliation with respect to the fjord. 2) The presence of a Basal Shear Plane (BSP) at the base of
the potentially moving block. This can be a relatively planar structure but more often displays a
complex step geometry due to the complexity of the fjord-dipping foliation. 3) The presence of afault
breccia on the BSP. These non-cohesive fault rocks demonstrate that the detached block is actually
moving and at the same time provides a lubricating base for the block movement. 4) The presence of
exfoliation which weakens the BSP. 5) The presence of a steep extensional fracture at the back of the
moving block — a 'back crack’- which is necessary to detach the block. This also includes the sign of
active postglacial movements leading to open tension cracks on top of the potential failure block.
Where these factors are not present, there is generally no evidence for activity in the hangingwall block
(hangingwall disintegration by fracturing, kinematic indicators, breccia development). 6) The presence
of transfer faults with strikes parallel to the movement direction of the block in order to detach the
block from the mountainside. We find that many back cracks are localised on and reactivate pre-
existing geological lineaments. Small-fold development within the foliation also appears to have a
large affect on the development and movement of rock-slope failures. We present a geometrical model
for the development and predicted location of the largest potentia rockslides in the Storfjorden area.
The pre-fieldwork analysis of aerial photos alowed the identification of 49 different sites in the
Storfjorden area which required field investigation, based on the presence of observed strong
lineaments, obvious block detachments or the presence of active talus slopes. From the 49 sites
identified, extensive fieldwork determined that 35 of these may have evidence for recent movement.
Among the sites studied in 2005, 15 should be visited again in 2006 to collect more data and improve
the knowledge of structures involved in the rockslides and to collect new GPS measurements to
determine the magnitude and direction of displacement. This work will be integrated with two
international groups focusing on hazard analysisin Storfjorden.



SAMMENDRAG

Vestkysten av Norge er spesielt utsatt for fjellskred p& grunn av nylig oppheving av landmassene etter
istiden som har fart til svaat bratte fjord og fjellsider. Det er dokumentert flere historiske katastrofer
knyttet til store fjellskred og flodbglger i Storfjorden, med Skafjellet i 1731 og Tafjordskredet i 1934
som de verste. Formalet med dette arbeidet har i hovedsak veat & undersgke hvordan geologiske
strukturer og fenomener influerer og kontrollerer utviklingen av store fjellskred. Videre skal det
utarbeides en geometrisk modell som kan vage med pd a forutsi utvilklingen av store fjellskred i
Storfjorden. Dette har stor betydning for de videre fareanalysene som skal utfgres i indre Storfjorden.
Omrddene som er med i kartleggingen omfatter 360km? og best& av Sunnylvsfjorden,
Geirangerfjorden, Norddalsfjorden, Tafjorden and den sarlige delen av Storfjorden. Over 40 potensielle
fielskred objekter er undersgkt innenfor det prioriterte omradet Regional kartlegging av foliasjon
(lagdeling) har vist at det opptrer en rekke komplekse isoclinal folder i den gneiser med lavvinklete
akseplan (foliagionen stuper mellom 20-40°). Fjordsystemet i Storfjorden bestar av flere gst-vest og
flere nord-sar gdende fjorder. Flere steder er det observert mulige basale glideplan for mulige store
utglidninger som er utviklet parallelt med foliasjonen. Derfor kan retninger pafoliasonen i forhold til
de ulike fjordsystemene resultere i ulike typer fjellskred og geometrier som har stor betydning for
fareanalysene. De potensielle fjellskred omradene kan deles inn i to grupper. De er i) "toppling” eller
"Vet" ogii) "utgliding”. En maimidlertid veare klar over at i en del sammenhenger kan de ulike typene
opptre i samme omrade. Detaljert kartlegging av strukturer viser at toppling utgjer de minste volumene
og er ofte begrenset til enkelte omréder der foliasjonen heller innover fjellsiden, altsd bort fra fjorden.
Omréder med utglidninger har oftest starre volum og oppstdr hvor pre-eksisterende strukturer og
geometrier ligger til rette for fjellskred. Dette vil for eksempel vaare der hvor foliagonen stuper
mellom 20-35° ned fjellsida og ut mot fjorden. Observasjonene fra hele fjordsystemet danner grunnlag
for & bygge opp en kombinert struktur-geografisk modell som kan forutsi potensialet for utvikling av
store utglidninger i indre deler av  Storfjorden. Flere kritiske faktorer ma vaze tilstede for & fa
utvikling av store utglidninger i fjell. Disse er 1) Fjordstupende foliasion, altsa ned fjellsida og ut mot
fjorden; 2) Utvikling av et skjeaplan eller en glideflate i bunn, ofte parallelt med foliasjonen (BSP).
Denne kan vaae en relativ plan struktur men er oftere mer kompleks med en trappetrinn geometri pga
kompleksitet i den fjordstupende foliagonen; 3) Utvikling av en nedknusningssone
(forkastningsbrekksje) langs potensielle glideplan (BSP) er ogsa et kritisk forhold. Disse ikke-kohesive
forkastningsbergartene indikerer at utglidningen kan vaxe aktiv og i bevegelse, og vil tilfere
"smearemiddel” til glidesonen; 4) Utvikling av overflateparallelle oppsprekkinger (eksfoliagon) som
opptrer pga heving av landoverflaten og fjerning av isstetten etter siste istid. Denne kan vage en viktig
faktor for & gjere potensielle glidesoner svakere og mindre stabil; 5) Utvikling av en steilstdende
ekstengionssprekker i bakkanten av utglidningen er nedvendig for a frigjere blokken. Dette inkluderer
0gsa spor etter aktiv bevegelse etter siste istid som kan vaare &pne sprekker pa toppen av et potensielt
fjellskred. Dersom disse forholden ikke er observert er det generelt ikke noe bevis for en bevegelse av
starre volum. 6) Utvikling av en sideveis forkastning (transfer fault), parallelt med bevegel sesretningen
for utglidningen, er ofte avgjarende for afa utglidninger frigjort fraresten av fjellsiden. Mange steder
er ekstengons-sprekker i bakkant av potensielle store utglidninger lokalisert til og mulige reaktiverte
pre-eksisterende geologiske strukturer eller lineamenter. Sma folder, utviklet i foliagonen, ser ogsa ut
til & pavike bevegelsesretning for noen utglidninger. Det blir presentert en geometrisk-geografisk
modell som vil vaere et viktig utgangspunkt for & forklare og til en hvis grad forutsi i hvilke omrader en
kan forvente store fjellskred i hele Storfjorden.

Pa grunnlag av studier av flybilder og generell geologisk informasjon ble det pa forhénd identifisert 49
ulike lokaliteter i Storfjorden som hadde behov for feltundersgkelser. Dette var basert p& markerte
lineamenter og strukturer, utglidningsfenomener og skredavsetninger i fjellsidene. Pa bakgrunn av
feltundersgkelser ble det konkludert med at det var indikasjoner pa mulig bevegelse ved 35 av disse
objektene. Det blir anbefalt at 15 av disse blir fulgt opp i 2006 for flere undersgkelser og for & eventuelt
kunne pavise bevegelse ved bruk av GPS. Dette arbeidet vil bli gjort i samarbeid med to internasionale
grupper som skal arbeide med farevurderinger i Storfjorden.



1 INTRODUCTION

The western coast of Norway is particularly vulnerable to active rockslide
development due to the recent post-glacial uplift and the deep incision of the fjords
created by glacia activity, leading to extremely steep fjord sides. The purpose of this
study was to better define how the structural geology interacts with the hazard
analysis related to large rock avalanches in the Storfjorden area. This area comprises
Sunnylvsfjorden, Geirangerfjorden, Norddalsfjorden, Tafjorden and the southern part
of Storfjorden. Several historical rock avalanches and related tsunamis have occurred
in this area with subsequent human disasters. Geological studies in the fjords have
also shown that such large-scale events are relatively frequent in the region. This
study presents the preliminary results of structural fieldwork carried out in the
summer of 2005. The purpose of this fieldwork was to investigate lineaments
identified from aerial photos as potential failure surfacesin order to determine if there
is active movement and therefore the possibility of a large rock avalanche and to
determine if a series of particular factors were important for rock-slide development
in thisarea. An important goal isto construct a predictive spatial and geometric model
for the devel opment of rock-slope failures within the Storfjorden area.

1.1 Regional Setting

Autochthonous rock types from the Precambrian period were deformed and altered
during the development of the Caledonian orogeny. These autochthonous rocks cover
the whole of the mapped area of Storfjorden (Figure 1). The rock types mapped at
1:250 000 scale are for the most part undifferentiated gneisses, mostly quartz-dioritic
to granitic with some migmatitic gneisses. The rock types have a large variation in
mineral content and in most cases are grey-white or grey in colour and have a layered
appearance, aternating light and dark based on feldspar and hornblende/biotite
content (defining the metamorphic foliation). These layers can vary from severa
millimetres to several metres thick. Regional data shows that recumbent isoclinal
folds were developed in the gneissic foliation. The axial planes of these folds are
generally shallow dipping and have been refolded on extremely open fold hinges in
such a way that the foliation is generally shallow dipping over the whole of the
Storfjorden area but displays a changing attitude relative to the orientation of the fjord



and relative to the down dip gravitational direction in terms of landslide devel opment.
Therefore the orientation of the foliation with respect to fjord orientation and the
orientating of foliation with respect to the fall-line towards sea-level are seen from the

outset as important factors in potential landslide devel opment sites.

Variation in the host rock is such that some of the more hornblende-biotite rich layers
are extremely mafic in composition and consist of amost 100% biotite and/or
hornblende. These zones form planar structures within the host rock which may be a
zone of localisation for landslide shear planes, depending on their location and

orientation relative to the gravitational fall-line.

1.2 Methodology

Structural geology is used as tool to determine i) the geometry necessary for failure,
i.e. the presence of a low-angle dip plane, a large extensional fracture detaching the
block and a transfer structure, parallel to the line of down slope movement in order to
detach the block, ii) kinematic evidence for movement activity and iii) an attempt of
guantification of the stresses acting on the diding plane. Figure 2 shows some of the
classical types of structures associated with rockslides and which are expected to
develop in the Storfjorden areaif some critical objects are observed. On Figure 2A the
block is considered to have free borders if not the case, transfer faults should develop
to allow the movement of the block, they are vertical and dips along such transfer
structures are highly oblique and parallel to the movement direction. In the course of
this report some other types of structures will be described: conjugate system of joints
which developed perpendicular to the basal shear plane, joints in the failure block
parallel to transfer faults. Figure 2B shows a column failure/toppling process. Figure
2C shows the classical geometry of awedge that is based on the presence of two basal
shear planes with the intersection line corresponding to the direction of motion.
However, other major structures can complicate this simple wedge geometry.



Figure 1. Bedrock geology map showing the different rock types and the variation in foliation and mineral stretching lineation across the Storfjorden area.
Previously collected NGU data isin red, whereas our new data (averaged for each site) is shown in yellow.



FAILURE MECHANISMS
A. ROCKSLIDE B. TOPPLING C. WEDGE

Figure 2: Examples of typical structures of rockslope failures: A-Structures associated with a
rockslide geometry. B-Toppling. C-Typical wedge geometry.

2 POTENTIAL LANDSLIDE SITES

2.1 Introduction

Prior to the fieldwork season, aerial photos were analysed to demarcate potentially
important sites. It was also important to determine the localisation of previous
landslide events within the fjord based on bathymetry data. The bathymetric map
(Figure 3) shows that there have been a series of previous landslide events in specific
areas in the Storfjorden area. These sites are in particular located in one area in
Sunnylvsfjorden, several on the southern side of Geirangerfjorden, and at three sites
in Tafjorden. From this preparatory analysis of aerial photography, 49 sites were
identified showing significant lineaments, detached blocks or significant talus slopes
(See Figure 4). These target areas are spread out over Sunnylvsfjorden,
Geirangerfjorden, Norddalsfjorden and the South side of Tafjorden. Several sites are
also present in Eidsdalen and Nordalen. The results of this pre-fieldwork study are
shown in Appendix 1 (Table 1) and forms the basis for the fieldwork carried out in
2005. Table 1 also shows the list of priority sites based on the size and complexity of



the lineaments observed from the aerial photos. Those sites marked with an asterisk
and labelled with 'b' on Figure 4 are those which were not identified from the pre-
fieldwork study from the aerial photos but were rather identified in the field from

helicopter observation.

The fieldwork in 2005 focused on examining as many of these sites as possible in the
field to:

e Determine if the structures on the aerial photos equated with real structures
observed on the ground.

e Determineif there was recent evidence for active movement on the structures.

e Determine the relationships between the different structures observed.

e Todefine an areathat is under active movement.

e Collect samples from breccia zones in rockdlide sites to alow the

determination of shear strength of the fault rocks.



Figure 3: Map of the Storfjorden area showing bathymetry. A large, significant area of submarine talus is seen in Sunnylyvsfjorden north of Akneset, at several
sitesin Tafjorden and in the wholelength of Geirangerfjorden.
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Figure 4: Map of the Storfjorden area showing the 49 potential landslide sites identified from
aerial photos. Those with the suffix 'b' were not originally identified from the aerial photos but
wer e identified following initial helicopter fieldwork. " A" denotes Akneset.
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22 Site2

2.2.1 Structures

This site is on the west side of Sunnylvsfjorden approximately 9km south of Stranda
and 5km north of Akneset (see Figure 4). This site has been observed by helicopter
only. No landing was possible. An approximately 80 metres high block is detached
from the slope by a set of roughly N-S steep, open fractures and its base lies on a
plane parallel to foliation and dipping some 40 degrees towards the fjord (Figure 5).

Figure5: Structuresobserved from helicopter at Site 2. It was not possibleto land at this site.

This low-angle plane is most probably a dliding plane. The extensional fractures,
which separate the mountainside up into severa large blocks, have obvious
displacements up to several tens of centimetres or more. These extensional fractures
detach onto the potential low-angle sliding plane, suggesting that movements on this
structure has caused the extensional fractures in the hangingwall. Just to the north of
the detached blocks is a low-angle slab, which probably represents an old sliding

plane which has since been overgrown with trees. Extensive previous landslide
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activity occurred in this area as it is reflected in the bathymetry of the fjord downslope

which displays extensive submarine talus deposits (see Figure 3).

2.2.2 Summary

e Several extensional fractures with inferred fjord-directed movement are

observed. These delineate several large blocks with over 80m vertical height.

e A low-angle sliding plane is postulated at the base of these blocks, although

was not observed due to the inaccessibility of the site.

e Because of the height of the involved mass, we consider a high priority to

gain access to the site in the next field season.

23 Site2b

2.3.1 Structures

This site is close to Site 2 (see Figure 4) and lies on a prominent ridge approximately
900m above sea level. The foliation dips at approximately 37-50° to the east, towards
the fjord (see stereonet data in Figure 6). Characteristic of this site is that very few
steep extensiona fractures are observed. For example, no extensional back-fracture
was observed but potentially pre-existing joints that can play the role of such exist
(they have trend of back-crack fractures, see Figure 6 and Figure 7). This site was
therefore not identified as a potential rockslope failure site from the aerial photos.
However, examination from the helicopter and on site showed an active movement on
a large block. This movement appears to be occurring along a single, low-angle
dliding plane at the base of the block. Thisis sub-parallel to foliation but cuts through
the foliation and is dlightly steeper than it (see Figure 8A). Examination of the fault
plane has shown that it was indeed a pre-existing N-S striking brecciated plane
(probably of Devonian age) which has been reactivated as a recent dliding plane,
creating a new fault breccia. The low-angle detachment plane displays a very
undulating surface and this is probably due to the localisation of the fault plane along
an open anticline-syncline pair. This fault undulation has led to the development of

several different types of secondary structures along the fault plane. Where thereis an
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undulation along the fault plane, multiple faults are developed to form duplex-like
structures (Figure 8B and Figure 9A). These develop as the irregular fault plane
attempts to remove fault irregularities and produce a planar fault. Extensional
fractures in the hangingwall are rare. However, they do occur as space
accommodation structures where the low-angle sliding plane passes over a footwall
ramp (Figure 8B and Figure 9B). However, these structures are extremely localised
and do not affect the integrity of the hangingwall failure block. Indeed, the hanging
wall block is not dissected by through-going extensional fractures, which suggests it
consists of one contiguous block. Therefore, if the block was to fal, then it is likely
that it would likely cause a larger tsunami as it would be less broken up under failure.

Several observations suggest that this block is undergoing active movement:

(1) the downsope kinematics of the duplex-like and ramp-related localised

extensional structuresin the hanging wall to the low-angle sliding plane.

(2) The presence of a 15cm non-cohesive breccia on the low-angle sliding plane
(Figure 9C). This breccia has been sampled and the strength of the dip-plane relative

to the overburden of rockmass will be evaluated.

(3) The 15 cm displacement of the block as a whole relative to the footwall, which is
evidenced by movement relative to arecent talus slope (Figure 9D).
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Figure 6: Stereonet data for Site 2b. Foliation dips SE towards the fjord at 20-40°. The Basal
Shear Plane including other shear planes are parallel to foliation. Two sets of extensional joints
are observed in the hangingwall.
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ESE
Figure 7: Jointsinto the hanging wall to the Basal Shear Zone at Site 2b.

A simple measurement of the volume based on the delimiting structures and an
estimate of the height of the column of rock above the basal shear plane alows an
estimate of the potential rockslide volume. Thisis tentatively approximated to IMm°.
However, a much better estimate of the rockslide volume will be achieved after the

analysis of the LIDAR data in conjunction with the mapped structures.

Figure 8: Large-scale structures observed from air at Site 2b. A-L arge scale picture of the whole
of Site 2b. The low-angle detachment (dashed yellow line) dips down towards the fjord and
reaches the surface at the top. B,-L ocally developed duplex-like structures wher e the fault plane
isundulating.
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Figure 9: Structures observed at Site 2b. A-Duplex-like structure in hangingwall of the low-angle
diding plane. B,-Localised extensional structuresin the hangingwall to a low-angle diding plane
ramp structure. C-Detail of the discontinuous fault breccia developed along the low-angle sliding
plane. D-Where the low-angle dliding plane reaches the surface, it is detached from the
underlying talus slope. The displacement is 15 cm.

This site was therefore considered as experiencing active movement and it was
therefore decided that in the first instance GPS measurement point should be set out to
determine the magnitude of this displacement. Figure 10 shows the layout of these
points relative to the main structures and the topography. These points will be
measured again in the summer of 2006 and will assist in determining if further
detailed work isrequired on this site.
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Figure 10: Topographic map showing location of GPS measurement points relative to the important structures. The solid green lineis the basal shear zone. The
dotted green lineisits continuation inter secting the surface topography. The bluelineisa postulated transfer fault which may detach the block.
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2.3.2 Summary

e A large, laterally continuous basal sliding plane is present at this site lying

at the base of a large, apparently unstable block of 1Mm? estimated volume.

e Several lines of evidence suggest that movement on the basal sliding plane is

recent and that the block is undergoing movement towards the fjord.

e There is no apparent back-crack at this site. This may suggest that this is a
relatively new movement and a back crack has not yet had time to develop.

e 5 GPS points have been set out on this block and will be measured again in
2006 to determine magnitude and pattern of movement.

24 Site4d

24.1 Structures

This site lies 1,5 km to the south of Akneset on the same side of Sunnylvsfjorden,
approximately 1000m above sea level. This site lies in a similar topographic position
to Akneset and displays remarkably very similar structures. A low-angle, fjord-
dipping breccia zone is postulated at the base of the potential failure block although
this has not been observed directly as the site was highly inaccessible. However,
evidence suggests that an active dliding plane is present at the base of the block
(Figure 11A). The potential failure block consists of at least seven column-shaped
blocks. These are up to 50m wide and up to 80m high (Figure 11). These are
separated by extensional fractures, which appear to have up to several metres of
horizontal displacement. However, these are clearly inherited north-south striking
structures, possibly of Devonian age (see Section 2.5.1) and may have been somewhat
‘eroded-out’ prior to displacement. Therefore several metres would 