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1 Introduction 
Natural Environment and Sustainability have commissioned City Design to undertake a 

geotechnical investigation and stability assessment of a section of the existing Kangaroo Point 

Cliffs to enable them to be opened up for recreational climbing. The section of Cliffs involved 

extends from the existing stone staircase (to River Terrace) northwards to Lookout Number 3, 

recently constructed for the new park on the old TAFE site. Lookout 3 is adjacent to the large fig 

tree growing on the crest of the cliffs. 

The objective of the assessment was to identify the current stability of the cliffs and to determine 

what stabilisation works are necessary in order for the cliffs to be opened to the public for climbing.  

This report describes the assessment undertaken and presents the factual data collected during 

the field inspections. The results of a stability assessment of the rock faces are presented, together 

with recommended stabilisation works to bring the cliff stability to an acceptable standard.  

Based on the remedial works required, designs for stabilisation works and the corresponding 

construction cost estimates have been included.  

During the assessment, a new rockfall was reported just south of the Riverlife Centre. The location 

of this fall, which resulted in two large rocks falling on to the footpath, plus minor damage to a 

blockwork wall, is outside the current study area. For public safety reasons, this recent fall has 

been investigated and possible remedial measures developed, and the results of that investigation 

are also included in this report as a separate section.  

 

2 Site Description 
The current assessment covered a 110m section of the existing Kangaroo Point Cliff line, from just 

north of the stone staircase leading up to River Terrace, to a point below Lookout Number 3 in the 

new park above the cliffs. The study area and relevant features are shown in Figure 1 attached. 

The cliffs in this area are 23 to 26m in height and near vertical. The geological unit forming the cliff 

line is the ‘Brisbane Tuff’ formation of Triassic age (210 million to 250 million years before present). 

The rocks forming the cliff are fine to coarse grained porphyritic rhyolitic tuff, also known as welded 

tuff or ignimbrite. Generally the rock is light pink to purple and green with extensive ironstaining on 



 

CD/G1-091081PR001Act  Page No.2  

exposed faces and joints. The rock is distinctly to slightly weathered and is high to very high 

strength as defined in AS1726.  

No groundwater seepage attributed to a natural groundwater table was observed on the cliff face. 

Some seepage was noted on the steeply dipping joints at the southern end of the section in 

January 2010, but this was absent in previous inspections. It is likely this seepage was related to 

construction works on the park site above.  

At the crest of the cliff line, there is a 0.5m to 1m thick profile of soil above the rock. This soil profile 

is thickly vegetated with grass and shrubs in most areas. In many places the soil is cut vertically 

above the rock, and in one area is actually overhanging the rock below. This is likely to have 

resulted from a rock below the soil falling out, leaving the soil overhanging.  

Further back from the crest of the cliff, at a distance of about 2 metres, redevelopment of the old 

TAFE site has resulted in blockwork retaining walls being constructed. These walls form the edge 

of the new park and are along the alignment of the old chainwire boundary fence. At five locations 

spread along the park boundary are new cantilevered lookouts. These lookouts are small platforms 

founded on bored piles taken to the underlying rock, the piles being located at least 2m to 4m 

behind the cliff crest. The piles are also dowelled into the underlying rock. At the southern end of 

the park, between the Café area (the far southern end of the park) and Lookout 2 there is an 

existing dry stone wall along the old TAFE boundary (Plate 1). This wall is outside the new park 

walls and is about 1m high. As a result of construction works on the park the wall is in a poor state, 

and is now more of a mound of loose rock than a block wall.  

The cliffs are also listed on the Queensland Heritage Register (Place ID 602400) as having 

archaeological and landscape significance related to the quarrying operations carried out on the 

site from 1826 through to 1976.  

3 Cliff Face Mapping 
The field investigation for the cliff face assessment consisted of visual inspections and a sample of 

rock joint measurements to confirm previous mapping carried out in the early 1990’s (Report by 

Insite Geology titled “Assessment of Rock Cliff Condition – Kangaroo Point Esplanade” dated 

9/7/92). This 1992 mapping extended from about the location of Lookout 3 through to the toilet 

block at the far southern end of the cliffs, and involved 229 joint measurements. Subsequent to the 

1992 report, more targeted assessments were undertaken by the then Geotechnical Services 

Section to develop stabilisation measures for individual cliff sections. No detailed assessment has 
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been undertaken however for the current study area, although some limited rock bolting was 

performed in one section as a maintenance measure.  

Visual inspections of the current study area were undertaken in November 2009 using a 50m travel 

tower to access the face. A further 41 joint measurements were carried out, and these are included 

in Figure 1 plotted on a stereographic projection, together with grouping of the measurements into 

identifiable joint sets.  

From the data, four main joint sets have been identified in the study area as follows: 

• Joint Set 1 - 900 / 0050  (dip angle below horizontal / compass direction of dip angle) 

• Joint Set 2 – 800 / 3200 

• Joint Set 3 – 80o / 2350 

• Joint Set 4 – 50 / 2700  

Joint Set 1 and Joint Set 2 may be the same joint set and a larger population of joint 

measurements may in fact reveal this to be the case. 

Joint Set 2 (and 1) and Joint Set 3 are vertical joint sets approximately at right angles to each other 

resulting in the columnar appearance of the face in many areas. This is illustrated in Plate 2 

attached. The other obvious joint set predominant along the entire cliff section is Joint Set 4, 

evident as horizontal joints and these are more open towards the crest (Plate 2).  

In addition a separate set of joints have been identified in the Café area (Joint Set 5 – 070 / 2500 ) 

which are evident as steeply dipping sheet joints dipping out of the face (Plate 3).  

 

4 Stability Assessment 
From the stereoplots of joint data (Figure 2 and Figure 3), sliding, wedge and toppling failures are 

all potentially feasible. [Note: Sliding failures are those where a mass of rock can slide on a steeper 

joint plane dipping out of the face. Smaller versions of sliding failures are block failures where a 

smaller individual block of rock slides on a joint dipping out of the face. An example is shown in 

Plate 4. Wedge failures are those where intersecting joints, dipping towards the face, form a 

wedge of rock which can then slide out from the face on the intersecting joint planes (Plate 5). 

Toppling failures are the result of vertical and horizontal joints forming the rock into vertically piled 
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blocks, which then has the potential to topple forward. Classic toppling failures due to joint 

orientations and dips are unlikely on the cliffs, but the action of tree roots getting in behind the 

blocks, and pushing them forward, results in the potential for toppling type failures (Plate 6).] 

From the stereoplot analysis, wedge failures are feasible on joint sets 2 and 3, and joint sets 2 and 

5. These sub-vertical orthogonal joints at a slightly shallower angle than the face allow wedges to 

develop which then have the potential to slide out from the face. While wedges can also feasibly 

form on joint sets 3 and 5, a wedge analysis using these joint sets indicates a factor of safety well 

above the 1.5 usually required. In terms of sliding failures, sliding on joint sets 3 and 5 is feasible, 

while sliding on joint set 2 has an adequate factor of safety as the effective dip towards the face is 

only 260. Toppling failures are also possible due to joint set 2, 3 and 4 forming blocks, but in reality 

the effects of tree roots are more likely to induce these type of failures (Plate 6). 

Wedge and sliding failure analysis was also undertaken using the joint set data, and potential 

wedges as described above typically have factors of safety less than 1, which indicates a high 

likelihood of failure. Similarly sliding failures on joints 3 and 5 also have factors of safety less than 

1. For the purposes of this assessment an acceptable factor of safety is considered to be 1.5.  

With rock slope assessment, the development of theoretical failures based on joint data then has 

to be confirmed in the field to ascertain if the theoretically unstable planes and wedges actually 

exist. This is because rock joints can typically vary in dip and direction over short lengths, and 

many joints are also not continuous over the lengths required to allow wedges or sliding planes to 

develop.  

Verification of potential failure mechanisms was subsequently undertaken along the cliffs to identify 

any specific wedges and planes likely to fail, as well to identify areas likely to experience toppling. 

Generally several potential failure areas were identified along the length of the study area. These 

are summarised below: 

• Vicinity of Lookout 3 – Potential toppling of blocks below the fig tree, induced by root 

growth in the rock joints. Previous small wedge failures have also resulted in overlying 

wedge sections being unsupported and liable to fall. Several areas also show loosening 

and dilation of blocks resulting in open cracks or blocks moving forward. 

• Vicinity of Lookout 2 – The vertical orthogonal jointing evident in this area has resulted in 

several identifiable wedges liable to fail, or left unsupported by failures below. In addition, 

numerous small blocks appear loose with open joints and cracks. 
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• Vicinity of Lookout 1 and northern Café area – Some small potential wedge failures are 

evident plus some loose blocks.  

• Café Area and Knob at end of study area – Several potential wedge failures are likely, 

plus potential sliding on the steep sheet joints near the knob at the southern end. Some 

folding of the rock in this area has resulted in numerous small blocks with potential to fall. 

• Lookout 2 to Café Area at crest – a vertical soil face is evident along much of the crest, 

and is overhanging in one section. This soil has the potential to collapse and erode onto 

the cliffs below.  

 

5 Recommended Remedial Works 
5.1 General 

The normally adopted procedure to stabilise these types of rock faces is to remove all the small 

loose and unstable blocks and fragments of rock, and then install reinforcement to support the 

larger unsafe wedges, sliding planes or blocks that can potentially topple. Typically, reinforcement 

is provided by dowel bars or rock bolts grouted into holes drilled through the failure plane into the 

rock behind. Dowel bars can be the same size and capacity as rock bolts but are not tensioned, 

and therefore do not require a plate and locking bolt on the surface.  

Two special considerations in the design of remedial works for this rock face are its heritage listing 

and its proposed future use as a climbing cliff. To retain the appearance and integrity of the cliff 

face as required by its heritage listing, visually prominent remedial works are to be avoided. 

Accordingly large areas of shotcreting to support overhanging sections or wedges are not 

considered appropriate. Similarly, methods such as rockfall mesh are not recommended due to 

their visual prominence. In terms of the future usage for climbing, rockfall mesh is obviously 

unacceptable, while small areas of shotcrete could be accepted.  

For both climbing and heritage purposes, rock bolts are required to be hidden, and this would 

involve excavating a small square hole into the face to allow the rock bolt surface plate to be 

placed 100mm or so behind the plane of the face. After the rock bolt is stressed this hole can then 

be backfilled flush with the face, using coloured cement grout or mortar to disguise the bolts 

presence. This approach also avoids having steel bars and bolts protruding from the face, which 

detracts from the usefulness of the face for climbing. This approach has been used successfully on 

the southern ends of the cliffs, which are currently used extensively for climbing.  
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Tensioned rock bolts have been used previously on the cliffs, although it is understood only a 

nominal tension was applied, usually by hand tightening the locking nut. Effectively this approach 

results in the bolt acting as a dowel, and the only advantage over a dowel bar would be the 

existence of the surface plate being able to hold the rock somewhat against dilation or jacking 

forces should tree roots start growing in the joints. For a dowel in a 50mm diameter drillhole 

however, the tensile capacity due to the grout to rock bond is similar to the yield capacity of a 

20mm bolt. Therefore a dowel bar would have a similar resistance to dilation forces or tree root 

forces as an untensioned rock bolt and plate. With the sub-vertical jointing on the face bolts dowels 

will be acting purely in shear, as would untensioned bolts, and therefore it is recommended that 

dowels be used. The use of dowels will also avoid the need to jackhammer a recess in the rock in 

which to hide the bolt plates. On smaller blocks this reduces the potential for sudden failures during 

jackhammering, and also substantially reduces the cost of each bolt installation.  

 

5.2 Recommended Works 

Adopting scaling and dowels as the primary support approach, the face was inspected to identify 

the location and extent of these works. Some minor shotcreting is also recommended in the 

potential toppling failure zone under the fig tree near Lookout 3. This shotcreting is to seal and hold 

the open joints around the blocks, partly as a safety measure while dowelling is undertaken in the 

block themselves. Marked up photographs showing the recommended works are included as 

Appendix B. In summary, these works are: 

• Below Lookout 3 fig tree– shotcrete the open joints in the blocks under the fig tree, and 

install 7 dowels in the blocks to prevent toppling. The shotcrete would be coloured and 

textured to match the surrounding rock; 

• Around Lookout 3 – install 7 dowels in potential wedges and scale 5 m3 of loose rock; 

• Lookout 3 to Lookout 2 – clear about 40 m2 of grass growing on face; 

• Lookout 2 area – install 5 dowels in potentially failing blocks, and scale 10 m2 loose rocks 

and grass from face; 

• Lookout 1 and vertical pipe area – install 2 dowels and scale 1 m3 rock, remove existing 

steel pipe, clear grass from face, trim soil all along crest; 

• Large pipe to tree - install 2 dowels and scale 1 m3 rock, trim soil all along crest, wash 

down existing concrete stained area; 
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• Café area - install 10 dowels and scale 10 m3 loose jointed rock, clear 20 m2 grass from 

face 

• Café Knob area - install 8 dowels and scale 2 m3 rock. 

In addition to the rock face works, trimming of the soil along the crest is required. Normally this 

would involve trimming the soil back at 450 and allowing the batter to revegetate itself, or perhaps 

covering it with turf or similar. With the proposed climbing use however, exit points above the face 

may be required, and a soil slope may not be suitable for these. Two alternatives could be adopted 

here; a shotcreted soil batter which would provide a hard erosion-proof surface, or removal of the 

soil in a nominated area to expose the underlying flat rock surface. The location of exit points will 

also be influenced by the location of the new park lookouts and retaining walls along the crest. The 

preferred solution for exit points should be discussed further with the climbing groups prior to 

finalisation of the crest remedial works in these areas. 

 

5.3  Estimated quantities 

The estimated quantities of remedial works are summarised in Table 1 below. 

Table 1 - Remedial works Quantities 

Item Description Unit Quantity 

Clearing Clear grass from face and remove from 

site 

M2 40 

Scaling Remove loose and unstable rock from 

face and remove from site 

M3 27 

Dowelling Drill 50mm holes, install 3 m long 

galvanised plastic coated N20 dowels 

and grout hole 

each 43 

Shotcreting Reinforced 30 MPa shotcrete to open 

jointed area with coloured textured finish 

M2  12 

Trim soil along 

crest 

Trim and shape soil horizon at 1:1 

batter, remove excess from site   

Lin. m  75 

Turf soil batter  Supply and lay turf to soil batter at crest M2 180 
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5.4 Estimated Costs 

In addition to the remedial works listed in Table 1 above, some ancillary works will be necessary 

as part of the stabilisation.  These ancillary works will involve washing down the concrete stains on 

the face using high pressure water jets or similar, traffic control during some of the works to protect 

and divert pedestrians and bike riders, and provision of access to the Riverlife Centre during the 

works. As all deliveries to Riverlife Centre have to use the narrow road along the toe of the cliff, it 

has been allowed to provide a bobcat or similar to ferry heavier deliveries past the work area at 

times when construction is underway on the cliff face.    

The estimated costs of the remedial works are provided in Table 2 below. 

Table 2 - Estimated Construction Costs 

Item Quantity Unit Rate  

$ 

Amount 

$ 

Clear grass from face and remove 

from site 

40 M2 $33.00 $1,320.00 

Remove loose and unstable rock 

from face and remove from site 

27 M3 $341.00 $9,207.00 

Drill 50mm holes, install 3 m long 

galvanised plastic coated N20 

dowels and grout hole 

43 each $1,034.00 $44,462.00 

Reinforced 30 MPa shotcrete to 

open jointed area with coloured 

textured finish 

12 M2  $440.00 $5,280.00 

Trim and shape soil horizon at 1:1 

batter, remove excess from site   

75 Lin. m  $110.00 $8,250.00 

Supply and  establish turf to crest 

batter 

180 M2 $22.00 $3,960.0 

Wash down stained face 50 M2 $33.00 $1,650.00 

Traffic Control 12 days $825.00 $9,900.00 
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Item Quantity Unit Rate  

$ 

Amount 

$ 

Delivery support to Riverlife Centre 10 days $605.00 $6,050.00 

Remove existing pipe and dispose 

of off site 

1 ea $1,100.00 $1,100.00 

Construction Sub-total    $91,179.00 

Contract Admin,. Tendering etc  – 

allow 

5 %  $4,878.00 

Contract Supervision and on-site 

direction - allow 

4 days $1,560.00 $6,240.00 

TOTAL    $102,297.00 

Say $105,000 

 

 

6 Construction Considerations 
6.1 DERM Approval 

Approval by DERM will be required for the proposed works due to the sites heritage listing. 

Whether a full application is required, or the work can be covered under an exemption certificate, 

needs to be determined prior to seeking approval. City Design Urban Planning Section can assist 

in preparing and submitting the necessary applications in this regard. Approval to undertake the 

works will need to be obtained prior to any work commencing on site. In general, the limited scaling 

and the use of dowels sunken into the face should be within DERM guidelines. Similarly only weed 

grasses need to be cleared, plus the occasional tree branch, all of which would be expected to be 

acceptable to DERM.  
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6.2 Bikeway and Riverlife Centre Traffic 

The proposed works will involve scaling loose rock from the face, drilling and grouting on the cliff 

face and trimming and soil removal along the crest. Due to the proximity of the cliff face to the 

access road and the bikeway and pedestrian path, traffic diversions will need to be put in place to 

safeguard the public from falling debri and rocks. In addition, total blockage of the access roadway 

to Riverlife Centre will occur in many locations during the works. Access to the cliff face for scaling 

and drilling will require provision of a large crane or cherrypicker, and in many spots there is no 

alternative other than parking on the roadway itself. It is possible that pedestrian traffic could be 

diverted around the site behind the trees and along the riverbank, and bikeway traffic could also 

use this detour. Pedestrians with strollers or prams may require some works to ensure there is a 

suitable detour around the river side of the trees. This may result in a shared path and appropriate 

signage would be required. 

For the Riverlife Centre the only access for deliveries is along the roadway, which will be blocked. 

An alternative arrangement is to provide a bobcat or similar which could ferry deliveries etc past 

the work site to the Centre. An allowance has been included in the cost estimate for this 

alternative. Staff however would have to park to the south of the site and walk along the detour to 

access the centre.  

6.3 Construction Programme 

An actual construction programme will depend on the contractors preferred method and approach. 

Typically however, the scaling works would be expected to take 1 week on average. Drilling and 

dowel installation could be expected to take a further 1 to 2 weeks, with shotcreting and final clean 

up a further 1 week. This would give a possible construction period of 3 to 4 weeks. A period of 3 

weeks should be allowed for tendering and approvals leading up to commencement on site.  

Prior to work commencing on site, 2 weeks notification would be necessary to the various users of 

the area. This notification could be made during the tender / approval period after the likely 

contractor has committed to a start date.  

DERM approvals would be required prior to commencing the tender process.  

7 Failure near Riverlife Centre 
It was notified to the builders on the TAFE site in mid-January that some rocks had apparently 

fallen from the cliff near the Riverlife Centre. The information was forwarded to City Design and an 

inspection was subsequently undertaken. Photographs showing the failure area are included as 
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Appendix C. It appears that some or several large blocks of Tuff have fallen from the face, and 

two have apparently hit the low blockwork wall alongside the roadway just to the south of the 

Riverlife Centre car park area (Plate 2 – Appendix C). Numerous fallen rocks are evident in the 

area behind the wall, but most of these are obviously from much older rockfall events.   

The area that has failed recently appears to be an altered zone of Tuff, white in colour, extremely 

weathered and of very low to extremely low strength. This altered zone seems to be prone to 

softening during heavy rain, resulting in slumping or erosion of sections of the face. It is likely this 

softening can undermine more competent blocks of rock above and around the altered zone, which 

subsequently collapse due to lack of support. At the toe of the cliff under the altered zone there is a 

mixture of solid large blocks and apparent solidified mud material (Plates 3 and 4 – Appendix C). 

The failed area requires stabilisation as continuing erosion and rockfalls are likely. To stabilise this 

area, shotcreting or similar of the weathered areas is the preferred approach, combined with 

stabilisation of any overlying unstable blocks. This would protect the weaker zone from saturation 

and erosion, and therefore reduce the likelihood of further slumping and subsequent undermining 

of the sections above. A reinforced shotcrete pinned into the existing material would be the most 

effective protection to the weaker zone. The shotcrete could be textured and coloured to match the 

existing rock and therefore reduce the visual impact.  

This approach may not be acceptable however for heritage reasons. In the Queensland Heritage 

Register for the Cliffs, this altered zone is described as follows: “At the northern end of the former 

quarry, a dyke-like structure occurs in a zone of alteration, and may represent a former vent or site 

of escape of fumerole gases.  The 'dyke' is an uncommon feature and the only one so far recorded 

from the tuff.” Local geological practitioners have indicated that other such features in fact do exist 

around Brisbane, but are not as readily accessible. If the shotcrete protection was adopted over 

the minimal area possible, say about one third of the exposed altered zone, it is likely the 

remaining areas would continue to experience erosion and rockfalls over time. The consequence 

would most likely be additional shotcrete protection as each future failure resulted in limited options 

to then stabilise the failed areas.  

An alternative approach is possible which would leave the altered zone exposed to retain its 

heritage value. This approach would involve stabilising and/or scaling the tuff blocks around the 

altered zone while leaving the altered zone exposed. This however will probably result in further 

erosion and eventual collapse of even stabilised sections. In time, the upper section of the cliff 

face, and the park and lookouts above, could become unstable. If this approach was adopted, a 

substantial engineered rock fall fence is also recommended along the edge of the roadway below 

the altered zone. This would prevent rocks reaching the roadway and endangering the public. 
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Annual inspections would also be essential so that potential destabilisation of the upper cliff was 

identified and remedied as an ongoing maintenance process.  

Two cost estimates have been prepared for the two available options to remedy the failed area; 

namely rock support and a rockfall fence, or shotcrete protection of the altered zone. These are 

detailed in Table 3 below. 

Table 3  - Remediation of Failed Area: Cost Estimate 

Item Quantity Unit Rate  

$ 

Amount 

$ 

OPTION 1 – SHOTCRETE ALTERED FAILED ZONE 

Establishment    $2,025 

Clear debri and grass from site 8 M3 $253.00 $2,024 

Supply and construct coloured 

textured pinned and reinforced 

shotcrete to altered zone 

42 M2 $553.00 $23,226.00 

Drill 50mm holes, install 3 m long 

galvanised plastic coated N20 

dowels and grout hole 

4 each $910.00 $3,640.00 

Traffic Control 3 days $825.00 $2,475.00 

Construction Sub-total    $33,390.00 

Design, Contract admin, supervision   allow $3,300.00 

Total – Option 1    $36,690.00 

OPTION 2 – STABILISATION AND ROCKFALL FENCE 

Establishment    $6,025 

Clear debri and grass from site 8 M3 $253.00 $2,024 

Drill 50mm holes, install 3 m long 

galvanised plastic coated N20 

dowels and grout hole 

20 each $910.00 $18,200.00 
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Item Quantity Unit Rate  

$ 

Amount 

$ 

Construct engineered rockfall fence 

say 20m long 

20 m $1,985 $39,700.00 

Traffic Control 14 days $825.00 $11,550.00 

Construction Sub-total    $77,499.00 

Fence Design, Contract admin, 

supervision 

  allow $7,700.00 

Total – Option 2    $85,199.00 

 

Option 2 above would require increased and ongoing monitoring to ensure the integrity of the 

upper cliff face, even though actual rockfalls would be contained by the fence.  

 

For any queries regarding this report please contact Chris Thorley on 3027 4775.   

   

      

Chris Thorley       Reviewed:  Gary Bruyeres 
Consulting Geotechnical Engineer      Principal 
Ground Engineering - City Design 
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Plate 1  - Stone Wall and Café Area at Crest 
 

 
 
Plate 2  - Illustration of Joint Sets 
 

Joint Set 2  

Joint Set 3 

Joint Set 4 
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Plate 3 – Joint Set 5 
 

 
 
Plate 4 – Potential Sliding failure 

Rock 
mass 
slides on 
steep 
joint

Joint Set 5 
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Plate 5 – Potential Wedge Failures 
 
 
 

 
 
Plate 6 –Potential  “Toppling” Failures 



Appendix A 
 

Joint Measurements 



KANGAROO POINT CLIFFS - ROCK JOINT MEASUREMENTS

LOOKOUT 3 AREA

RIGHT OF LOOKOUT 3



LOOKOUT 2 AREA

STORMWATER PIPE AREA



CAFÉ AND KNOB AREA



Appendix B 
 

Recommended Remedial Works 



 
 
 
 

CH0-CH10 - Lookout 3 



 
 
 
 

 
CH0 - Fig at Lookout 3 

 
 
 
 



 
 
 
 

CH15-CH30  - Lookout 2 



 
 
 
 
 
 
 
 
 

CH30-CH50 - Lookout 1 & Cafe 



 
 

 
 
 
 

CH40-CH80– Northern Café Area 



 
 
 
 
 

 
CH80-CH100 - Cafe 



 
 
 
 
 
 
 

CH100-CH110 - Cafe Knob 



Appendix C 
 

Riverlife Centre 
Failure Photographs 



 
 
Appendix C - Failure near RiverLife Centre – January 2010 
 
 
 

 
 
Plate 1 - General view of failure area (altered zone) 
 

 
 
Plate 2 – Fallen rocks and damaged wall 



 

 
 
 
Plate 3 – Apparent failure scarp in ‘altered’ zone (whiter area) 
 
 

 
 
Plate 4  - Rockfall debri below ‘altered’ zone. 




