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1. Report Scope 
 

It is intended by the SLRD to develop a property within the Gates Lake area for recreation use. Upon 
reference to the 1994 Mt. Currie to Darcy Corridor Terrain Hazard assessment report, the 
aforementioned property is referred to as ‘green” with the potential for wave damage. The wave 
potential is from rock and debris detaching from Gates Mountain and plunging into the lake. This report 
primarily aims to provide a rough assessment of the landslide induced hazard identified.  
A secondary scope of the report includes comments on factors which may influence a buildings’ 
interaction with the ground of the property, such as strength, drainage and placement.    
 

2. Study Philosophy 
 
The hazard assessment is broken down into 3 main areas of focus, with a view towards providing an 
overall picture of the landslide induced wave hazard potential. 
 

a) Assessment of the rock and debris source stability – assess failure mechanisms, potential failure 
zones and probability of major detachment events. 

b) Assessment of rock-fall travel; type and probability of slides into the lake. 
c) Assessment of wave induced by slide into lake and potential effects upon the property.  

 
3. Geological Background & Observations 

 
The Pemberton (East Half) geology map# 13-1973, from the Geological Survey of Canada, shows the 
rocks of Gates Peak as the Pioneer Formation; 
“Greenstone derived from andesitic flows and pyroclastic rocks..”,  
 
A small section of the 1994 CGS Map drawn by Journeay; Geology of the Southern Coast & 
Intermontane Belts, is shown below. It indicates the rock groups that make up the Gates Peak. To the 
South east of  Gates Lake lies rock formations shaded green, between the Mount Rohr pluton (@90 M 
Yrs old Quartz diorite), and the Spetch Creek Pluton (@100 M Yrs old, Granodiorite) . 
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The references of JH and JLC are listed as; 
 
 JH: Harrison Lake Formation – Intermediate and felsic 
flows & pyroclastic rocks, local argillite, conglomerate, 
calcareous siltstone, shale and sandstone. Flows include 
massive and columnar jointed dacite, rhyolite and dark green 
andesite porphyry. Early Jurassic (150 million years old).  
 
 JLC: Last Creek Formation – Calcareous sandstone, 
siltstone, shale and conglomerate, siliceous argillite, silty 
limestone. Mid Jurassic (170 million years old). 
 
Gates Peak.  
 
A visit to the ridge immediately behind (east of) the peak 
shows the general rock type and key features of the peak and 
ridge area, refer to photographs below; 
 
 

      
 

10 U 0528225 
UTM 5587583 
El. 2323. Aug 18’14
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Photo left & above shows view down basal joints, SE of the peak, Anderson Lake is in the top 
background. Note massive previous rock movement down this now exposed planar joint. 

Photo right and above shows remnant block east of peak on similar joint 
systems as on west (lake) side of Gates peak. Note: size (block is 12-17m 

high), open joints, planar joints with some “stepped” characteristics. 
Collapse is simply a question of time. 

 
Photo left shows Gates Peak ridge with remaining 150 
million year old blocks ( Harrison formation). Note the 
persistent discontinuities dipping approx.48 degrees to 
the north-east. Some minor (peripheral) open joints on 
basal system but some joint strength evident in general. 
 
The photograph below shows the area of previous rock 
detachment towards Gates Lake and identifies one area 
of potential future detachment. 

 

“Chosen / example potential 
instability block” and source 
of future rock fall and rock 
avalanche material. 
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The photo above shows the upper sections of the north (lake) side of the Peak. The author did not visit 
the highlighted area “close-up”. Closely observed rock characteristics are assumed as reflected from the 
south-east ridge. or the purposes of attempting to quantify the landslide induced wave risk to some 
degree, the red dotted area is an area chosen as a “potential” failure block. Factors influencing this 
choice are: 

I. Visually identifiable jointing from Lake elevation 
II. Previous evidence of mass slippage on basal joint below. 

III. Consistent mass slippage further east from peak along this discontinuity set. 
IV. Visually overhanging remnant cliffs. 
 
Several other blocks and areas may prove as, or more, potentially unstable.  
 
A review of the area below the peak indicated that previous mass rock avalanches from the Gates Peak 
are situated (and make up) the terrain immediately to the south east of the lake. 
 

 

Large Angular 
fragments (up to 
350T blocks) from 
historic collapses 
and subsequent rock  
avalanches of Gates 
Peak west face. 

General travel direction 
of the earlier mass rock 
movements 
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Other Run- out events are strongly evident throughout 
the terrain within 1km of the lake. The opposite photo 
shows a typical rock block – earlier detachment and 
collapse of this volcanic fragment from Peaks’ western 
slopes. It is also evident that more frequent and recent 
landslide activity is not apparent.  
 
 
 
 
 
 

 
4. Analysis 

a. Upper Slope Stability and probability of failure  
 
The block indicated on the photo of page 4 was modeled as a reference exercise using rocscience 
swedge version 4.0. Some input parameters for the block are shown below, others in Appendix (pg. 14). 

a) Basal Joint – measured inclination from ridge 48-47 degrees, dipping to 045. 
b) Waviness – 5 degrees based on nearby observed 6 inch steps every 6-8 ft. 
c) Cohesion – this is a largely an unknown factor in the noted block location. This factor is subject 

to frost and erosion effects. The basal joint may have a high percentage (over the block area) of 
strong joint material or may be disconnected in large areas. The report analysis chose a “typical” 
value provided by references as mean 0.15 MPa  

 
Given the parameters above and geometry input to the software as shown in Appendix, the results 
indicate that for the sample block; should these assumed input values be representative, then this block 
of 32,000 cubic meters would likely detach during the 1 in 2500 year seismic event. As previously stated 
many other variables exist, other potential blocks of instability exist. For the purpose of this study 
however it is believed by the author to be a reasonable estimate of probable future landslide events. 
Natural ongoing erosion may also affect “key” stability blocks which when weakened can have massive 
domino effects– only detailed mapping and data acquisition would allow this to be assessed more 
accurately. A talus field is evident immediately below the, lake facing, remnant cliffs of the peak, which 
presumably receives ongoing small erosion rock-fall on a more regular basis.  
 
 
 

b. Rock Avalanche Run-out Possibilites 
Using the detachment source location as the west face, and a section profile from topographical map 
(92-J/7 Pemberton 1:50 000), several block types were modelled with rocscience rocfall programs and 
with software from the Colorado Rock-fall Simulation Program (CRSP). 
Variables; 
Source, profile, profile conditions – bedrock allows rocks to travel unchecked, whilst soft forested 
slopes absorb rock kinetic energy and slow blocks down. 
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Travel surface roughness, Rock size mass & shape.  
 
CRSP Input parameters used were: 
 
 

Cell 
# 

Surface  
Roughness 

Tangent 
Coefficient 

Normal  
Coefficient

Begin 
X Coord 

Begin  
Y Coord 

End-X  
Coord 

End y  
Coord 

1 .5 .95 .3 0 2200 700 1600 
2 1 .85 .25 700 1600 1000 1400 
3 1 .8 .2 1000 1400 1325 1200 
4 1 .8 .16 1325 1200 1750 1000 
5 1 .8 .16 1750 1000 2250 800 
6 1 .8 .16 2250 800 2800 600 
7 1 .8 .16 2800 600 3250 480 

 
The travel path assumes a direct line from just below the peak, however the existing run-out gulley is 
somewhat non-linear. Historical landslides appear deposited more directly in line with upper steeper 
gulley alignments, whereas the present active run-out path veers left along the western flanks of older 
slides. 
 
The above input parameters were established and used for several rock dimension and shape options 
with resulting endpoint and velocities reviewed. Although arguably other rockslide models are better 
suited to the potential detachment run-out events, the resulting “endpoints” were representative of the 
historical deposit zones. The majority of individual block shapes and sizes do not reach the lake, 
however when blocks are rounded and approaching 25ft in diameter – some percentage of these are 
shown to be able to reach the lake.  
The confining walls of sections of the rock avalanche path, and larger events, would be more suitably 
modelled with 3-D run-out prediction models such as DAN-W (Hungr 1995). However detachment 
zones would require more detailed identification in order to rationalize results. 
The blocks visible within the historical depositional zones obviously range in size. The majority appear 
smaller than 5m in size (125m3 @ 300T) and none appear particularly rounded. The nature of the blocks 
observed upon the ridge would indicate: 
 

 Considerable “break-up” on detachment and subsequent travel. Joints and discontinuities within 
the older formations are relatively frequent and blocks larger than 10m in size (1000m3 @ 
2600T) are unlikely, but possible. 

 Jointing and blocks noted tend to suggest more angular than rounded rocks would make up the 
rockslide. 

 
The photo below and left shows the lower extent of the present “fall-line” debris gulley. Note the 
singular smaller block on the left side. The dimensions of this snow & debris chute will have some 
effect on the volume of materials able to travel within its boundaries. As noted on the aerial photos of 
the 1994 Mt. Currie to D’Arcy Terrain Hazard Study (Baumann 1994) some “spillage” of future 
avalanches at the corner 1km uphill from the lake is to be expected. Run-out re-directions of volumes 
will be very specific to the slide size and topographic modelling.  
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The photo above and right shows the potential rock fall entry point to the lake, with the recreational 
property on the opposite lake side. 
 
Refer to the aerial photograph (Page 13) from the 1994 (Baumann) regional hazard study for general 
positioning of run-out channels and existing depositional zones. 
 
The distance a future rock avalanche has to travel to reach the lake is relatively long, individual rock fall 
simulation programs, using rigid body format, indicate lake entry velocities would be relatively slow (4-
8 m/second). 
In general low energy slides, if any, would be expected to reach the lake. An estimation of the material 
volume which may become channeled towards the lake from the “chosen potential detachment block” is 
estimated to be in the order of 10,000m3.  
 
Indications of accumulated debris that may become re-mobilized by a significant rock fall are not 
apparent on aerial photos, and the debris chute was not traversed during this study. This debris chute 
survey would be recommended for higher level analysis.  
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c. Wave Assessment 
 
The image below, from sharp-hooks, shows the lake depth contours. Superimposed is an assumed entry 
point for the remnant rock avalanche materials to initiate a wave. 

 There are several wave prediction models, 
which consider the kinetic energy of the slide 
entering the lake, the volume entering the 
lake and displacing the lake water. 
 
This analysis input parameters for Gates 
Lake to three predictive equations; 
Huber – from Pugh, Chiang, 1986, 
Slingerland-Voight (1979) & Fritz (2004) 
  
Huber ; 
η/ D = 0.14(V/D3)).50 / (10(l/D)/58)  
where; 
 η/D = maximum initial wave height/D 
l = distance from landslide entry point 
D = water depth 
V = Volume of water displaced by landslide 
 
Slingerland-Voight; 
Log(η/D)= -1.25+0.71Log(Ek), at r/d=4 
Where Ek = ρs.l.w.h.V2.(2.ρw.g.d4)-1  
ρ = density of slide(s) and water(w)  
l=length of slide (m) 
w=width of slide (m) 
h=thickness of slide (m) 
V=slide velocity (m/sec) 
G=gravity (m/sec2) 
d=water depth in front of slide entry (m) 

 
Fritz et al. (2004): 
ac/h = 0.25(vs/√ (g.h))1.4.(s/h)0.8  
where s = slide thickness, vs = slide velocity at impact, h = water depth, ac = initial wave height(above 
lake level)  
 
Input vales for the above equations were ; 
Slide velocity = 7 m/sec. Based on CRSP results.  
Slide width = 20m (influenced by chute dimensions) 



P. K. READ ENGINEERING Ltd.  
PO Box # 1014, Mt. Currie, BC V0N 2K0 
 Ph: (604) 894-6798  Cell: (604)905- 9031 
 pkread@telus.net 

 

Page 10 of 14 
 

Slide thickness = 7m (influenced by chute dimensions) 
Slide length = 60m (influenced by overall chosen detached block volume generated by 4a) 
g = 9.81 m/s2 
Water depth = 12 m. NOTE – Local entry area is not steep and some shallow water will effect wave.  
Distance from entry point = 200m. - Somewhat oblique to assumed entry direction. 
Density of slide = 2000kg/m3 
Density of water = 1000kg/m3 
 

Resulting Wave height / wave initial height (m) 
Huber –    1.8m Wave velocity predicted at 10 m/sec (Huber & Hagel 1997) 
Slingerland-Voight  0.8m  (r/d=4)  our case is 12/200 = r/d=17 some attenuation will occur. 
Fritz    1.0m 
 
The Slingerland –Voight model is noted as not conservative for low energy slides.  
It is suggested that a 1 in 2500 event may cause a 1.0 - 1.8 m wave, smaller (more frequent) individual 
block detachments may cause 0.6m waves on the property. Larger more infrequent events could 
conceivably induce larger waves, however on a more infrequent basis. 
 
  
Wave Run-Up: 
 After Hunt (1959), for surging waves on plane, impermeable slopes, it is roughly estimated that a 
landslide induced wave may run-up vertically by 4- 5m. Hunts’ equation R/H=3. Where R = vertical 
wave run up and H = deep water wave height. 
The present lake shore is indicated as 478.5, and the shoreline slopes upwards at about 5 degrees, with 
5m higher (483.5) being roughly 50 – 60m from the lake shore. 
 
RISK BASIS: With reference to the Fraser-Cheam model of hazard risk assessment. 
 
Development proposed;  New buildings, i.e. picnic shelter etc. 

Public recreational gathering area. Seasonal use, limited visit times. 
Hazard noted ;  Landslide induced wave run up is not listed and “Debris Flood” is 

substituted. 
Acceptable rating: 1:500- 1:10,000 (for unconditional new building approval) 
 
It is considered at this point in time that the return period for a significant rock avalanche would be in 
the order of 1:2500 (per annum), and it is recommended that the 50m setback from the lake is 
maintained for any building development. It is considered this would align with the general concept of 
the Fraser Cheam Risk assessment Model. It must also be recognized that adjacent property and lakeside 
development is currently a precedent set. 
Use of the location on the shoreline is inherent. Signage should be considered. The time elapse (1-2 
minutes) between a major detachment, noise, and wave run up should be adequate for users to 
instinctively retreat at least 50m from the shore.  
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5. Construction Interface 
 
With reference to the site development plans provided by Tom Barratt Ltd., Landscape Architects, dated 
1st August 2014; It is proposed to install a car park, trails, maintenance buildings, a washroom and a 
picnic shelter on the property.  
 
Site Soils 
The soils making up the property are generally firm sands and gravels of the nearby drainage alluvial fan 
with some minor finer sediment lenses. Horizontal layering of disc-shaped gravels and pebbles suggest 
alluvial and submerged deposition. Build zones would require tree root and other organic removal.  
 
Bearing Capacity. Safe bearing pressures of 150KPa are available upon the natural cut materials 
evident within the upper 2m typically. Standard concrete foundation details will be adequate including 
0.8m frost protection with backfill. 
 
Drainage 
Standard drain-tile would be needed where internal slabs are below nearby external grades 
 
Siting in relation to Landsborough Creek; At the time of the site visit (August & September 2014) 
there were no flows in the small drainage channel. The channel is typically 2m below surrounding 
grades and its base is typically 2m wide. The “left-behind” disc-shaped rocks within the fan materials 
line the creek base. Some ongoing bank erosion is evident during higher flow periods. The author does 
not recommend to build within 10m of the small creek edges. The watershed area of Landsborough 
Creek appears quite large and severe storm cycles could generate sufficient run-off to cause erosion.  
  
Conclusion Summary and Recommendations 
 

 Historical (Post glacial) massive rock avalanches have occurred from the north face of Gates 
Peak. Active run-out debris chutes exist south of Gates Lake. 

 There are considerable remaining sources of material near Gates Peak with the potential to 
detach and generate rock-falls and / or rock avalanches. 

 Stability models with some estimated input values tend to support a 1:2500 significant collapse 
event frequency.  

 A 1 in 2500 year event may generate a 1.0-1.8m high landslide induced wave on the opposite 
shoreline. Building setbacks of 50 meters are recommended. Sensitivity to slide volume and 
velocity make this prediction extremely tenuous, and is presented as a rough best guess at a most 
likely, conservative, outcome for an event of this frequency. More infrequent events could cause 
waves higher than this. 

 Greater definition of present north face rock conditions and rock-avalanche modelling should be 
considered in conjunction with future lakeside developments. 

 
I trust this report is in keeping with your requirements, if further information is required please contact. 
 
Sincerely 
   Phill Read P. Eng. 
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Caveat  
The nature of the study deals with large variables and estimations based on minimal data. With 
reference to the 1994 Terrain hazard assessment; “It must be stressed that terrain analysis, hazard 
assessment and the evaluation of slope hazards is an inexact science and that any development in 
mountainous terrain is subject to some degree of geologic or hydrologic risk. This means that the 
absolute safety or stability of any proposed development cannot be guaranteed, and that users of this 
report must accept a certain degree of risk if they carry out such development plans V..”  
 
The conclusions of this report are based on the current proposal and currently available information 
and may need to be modified as future information becomes available. This report is prepared for the 
exclusive and sole use of the SLRD, and their designated consultants/agents, and may not be used by 
other parties without the written consent P. K. Read Eng. Ltd. 
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Photo below (Page 13) shows Terrain Hazard Mapping of 1994 - Gates Lake  
 
Note drawn in polygon zones indicating landform characteristics.  
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INPUT PARAMETERS FOR SWEDGE 
ANALYSIS; NO SEISMIC & SEISMIC  
Probabilistic Analysis  
Probability of Failure: 0.0000 
Number of Samples=10000 
Number of Valid Wedges=10000 
Number of Invalid Wedges=0 
Number of Failed Wedges=0 
Number of Stable Wedges=10000 
 
Mean Wedge Data  
Factor of Safety: 1.3280 
Volume: 32780.875 m3 
Weight: 852.303 MN 
Wedge Height: 20.000 m 
Area (joint1): 592.431 m2 
Area (joint2): 928.107 m2 
Area (basal): 2410.064 m2 
Area (slope face): 1738.165 m2 
Area (upper face): 2465.875 m2 
Area (tension crack): 831.312 m2 
Normal Force (joint1): 0.000 MN 
Normal Force (joint2): 0.000 MN 
Normal Force (basal): 570.302 MN 
Normal Stress (joint1): 0.000 MPa 
Normal Stress (joint2): 0.000 MPa 
Normal Stress (basal): 0.237 MPa 
Shear Strength (joint1): 0.000 MPa 
Shear Strength (joint2): 0.000 MPa 
Shear Strength (basal): 0.328 MPa 
Driving Force: 633.384 MN 
Resisting Force: 841.158 MN 
Mode: Sliding on Basal Joint 
 
Sliding Direction  
Plunge: 48.000 deg 
Trend: 45.000 deg 
 
Trace Length  
Joint1: 43.598 m 
Joint2: 51.254 m 
Basal Joint: 87.448 m 
Tension Crack: 36.952 m 
 
Persistence  
Joint1: 60.703 m 
Joint2: 64.138 m 
Basal Joint: 87.448 m 
Tension Crack: 46.590 m 
 
Random Variables  
Dip (joint1): 81.000 deg 
Dip Direction (joint1): 290.000 deg 
Dip (joint2): 85.000 deg 
Dip Direction (joint2): 10.000 deg 
Dip (basal joint): 48.000 deg 
Dip Direction (basal joint): 45.000 deg 
Friction Angle (joint1): 35.000 deg 
Cohesion (joint1): 0.050 MPa 
Friction Angle (basal joint): 37.000 deg 
Cohesion (basal joint): 0.150 MPa 
Waviness (joint1): 5.000 deg 
Waviness (joint2): 1.000 deg 
Waviness (basal joint): 5.000 deg 

 

 
 
 
Probabilistic Analysis  
Probability of Failure: 0.9665 
Number of Samples=10000 
Number of Valid Wedges=10000 
Number of Invalid Wedges=0 
Number of Failed Wedges=9665 
Number of Stable Wedges=335 
 
Mean Wedge Data  
Factor of Safety: 0.8469 
Volume: 32780.875 m3 
Weight: 852.303 MN 
Wedge Height: 20.000 m 
Area (joint1): 592.431 m2 
Area (joint2): 928.107 m2 
Area (basal): 2410.064 m2 
Area (slope face): 1738.165 m2 
Area (upper face): 2465.875 m2 
Area (tension crack): 831.312 m2 
Normal Force (joint1): 0.000 MN 
Normal Force (joint2): 0.000 MN 
Normal Force (basal): 380.287 MN 
Normal Stress (joint1): 0.000 MPa 
Normal Stress (joint2): 0.000 MPa 
Normal Stress (basal): 0.158 MPa 
Shear Strength (joint1): 0.000 MPa 
Shear Strength (joint2): 0.000 MPa 
Shear Strength (basal): 0.269 MPa 
Driving Force: 804.475 MN 
Resisting Force: 681.347 MN 
Mode: Sliding on Basal Joint 
 
Sliding Direction  
Plunge: 48.000 deg 
Trend: 45.000 deg 
 
Trace Length  
Joint1: 43.598 m 
Joint2: 51.254 m 
Basal Joint: 87.448 m 
Tension Crack: 36.952 m 
 
Persistence  
Joint1: 60.703 m 
Joint2: 64.138 m 
Basal Joint: 87.448 m 
Tension Crack: 46.590 m 
 
Random Variables  
Dip (joint1): 81.000 deg 
Dip Direction (joint1): 290.000 deg 
Dip (joint2): 85.000 deg 
Dip Direction (joint2): 10.000 deg 
Dip (basal joint): 48.000 deg 
Dip Direction (basal joint): 45.000 deg 
Friction Angle (joint1): 35.000 deg 
Cohesion (joint1): 0.050 MPa 
Friction Angle (basal joint): 37.000 deg 
Cohesion (basal joint): 0.150 MPa 
Waviness (joint1): 5.000 deg 
Waviness (joint2): 1.000 deg 
Waviness (basal joint): 5.000 deg 
Seismic Alpha: 0.300 


