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Landslide hazard and risk: Getting it 
right. 
 

As the November torrential rains swept over 
coastal British Columbia, heralding the more 
reactive winter field season, I began to think about 
landslide hazards.  Geoscientists are routinely 
asked to try to accurately identify hazard and risk 
based on limited knowledge.  On the surface this 
appears to be a straight forward task, more 
realistically however, it involves specialized skills, 
experience, and ideally – good data. 
 
I’ve spent a lot of time over the last few years 
examining landslides in both coastal British 
Columbia and worldwide.   Examples where the 
hazard and risk are poorly understood are 
numerous, and the results are often costly.   
 
Applied or engineering geomorphology is ideally 
incorporated into planning and scoping stages of a 
project.  All too often, however, the need to 
understand the process and its recurrence 
intervals is apparent late in the planning process, 
or after the project is complete, when the cost of 
such poor understanding is higher.   
 
It can be difficult to know how much to invest in 
the geoscience effort.  Unfortunately, the 
advantages of preventative geoscience may not 
be obvious (at least if it is successful) making the 
rationalization of expenditures more difficult.   
However, the field is sufficiently well understood 
that the disadvantages of not using it are well 
known.  As a rule, the more complex the problem, 
or the more important the resource you are trying 
to protect, the more work is justified.   
 
Consider the two articles herein.  Both sites have 
been the recipients of considerable historical  
 

 
 
research, but recent careful studies have 
dramatically improved our understanding of both 
the debris flow fan on BC’s Cheakamus and the 
Huascarán debris flow fan in Peru.   
 
With lives and property at stake, getting it right has 
never been more important. 
 
It’s my hope that you find it interesting and 
potentially useful.   
 
As always, Island Geoscience welcomes new 
submissions or ideas for articles.  If there are 
topics you would like to see covered, or if you 
have an article or idea you would like to contribute, 
please send me your ideas at:  
richard.guthrie@gov.bc.ca 
 
Past issues of Island Geoscience are here: 
http://www.for.gov.bc.ca/hfd/LIBRARY/Island_Geoscience.htm 
 
Thanks for reading! 
 
Rick. 
 

 
 
Horne Lake 2009:  The fall before the storms. 
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Cheekye Fan – the Best Studied 
Composite Fan in Canada 
 
Matthias Jakob and Pierre Friele 
 

 
 
Figure 1.  Location map of the Cheekye river and fan.   
 

Natural hazard and risk assessments hinge 
fundamentally on a detailed understanding of the 
relationship between frequency and magnitude of 
the hazardous process under investigation.  When 
such information is sought from several thousand 
years ago, continuous event records never exist 
and the researcher has to rely on proxy data to 
develop the frequency-magnitude (F-M) model.  
Such work is often prohibitively expensive and few 
well researched examples for mass movement are 
available worldwide. 
 
Within the District of Squamish, in the lower 
reaches of the Squamish River, lies the 10km2

 

 
expanse of the gently sloping, treed, and largely 
undeveloped Cheekye fan (Figures 1 and 2).  The 
Cheekye fan is a desirable location for land 
development and has, therefore been studied to 
an unprecedented degree for debris-flow fans in 
Canada.  The landslide hazard has been the 
subject of more than 15 scientific studies and 
comprehensive consulting reports. At present, 
most of the fan is undeveloped because previous 
studies found that unprotected developments 

would result in exposure to unacceptable levels of 
landslide risk. The studies covered aspects of the 
fan stratigraphy, Quaternary history and fan 
development, debris-flow hazard, risk, and 
mitigation.   

Important to the development of hazard and risk 
management strategies, several authors have 
attempted to determine the largest credible debris 
flow based on depositional characteristics of the 
Cheekye fan.  Results varied between 3 – 7 Mm3 
but for design purposes, 7 Mm3 was ultimately 
used.  Detailed mapping and radiocarbon dating of 
organic material found in numerous test pits 
suggested that the 10,000-year return period 
event is closer to 3 Mm3

 
.   

To date no research has been published that tries 
to relate smaller debris flows in the historical 
record, with older larger events that have been 
dated radiometrically, and thereby develop a 
credible F-M model. 
 
In this case, the long-term geomorphic evolution of 
the fan as well as the stability of potential source 
areas in the upper Cheekye River watershed 
provide input to the development of a frequency-
magnitude relationship, which in turn is the 
backbone for a quantitative debris-flow risk 
assessment.  
 
We pursued two principal strains of research to 
formulate a reliable F-M relationship:   
 
The first focused on stratigraphic analyses 
combined with radiometric dating and 
dendrochronology to reconstruct a comprehensive 
chronology of late Pleistocene to Holocene debris-
flow activity. Debris flow frequency was 
determined by dating trees scarred by debris flow 
impact. Over 60 wood samples, cut from trees 
damaged by debris flow impacts on both sides of 
Cheekye River, extending from the fan apex at 
190 m a.s.l. to the Cheakamus River at 25 m a.s.l. 
(Figure 3). Samples were also recovered from the 
Cheakamus River bank opposite the Cheekye 
River mouth to collect information of damming 
events.  Samples were extracted by chainsaw 
deep enough to reach the earliest undamaged tree 
rings, and sanded to high finish and the tree rings 
counted backwards to the time of the event.  Since 
other processes such as tree fall and lightning 
may also cause scars, we attributed a scar date to 
a debris flow date only if the date was recorded at 
least twice, from different localities along the 
channel.   
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Figure 2.  The Cheekye fan and drainage area along the sea-to-sky highway of coastal BC. 
 
The radiometric and dendrochronologic analysis 
resulted in a table of spatially attributed data 
indicating a history of debris flows including 
estimates of their magnitude expressed as either 
peak discharge or total volume (see Jakob and 
Friele, 2010 for details). 
 
 

  
Figure 3.  Debris flows determined along the Cheekye River 
using dendrochronology and in particular, tree scar dating. 
 

The second approach examined hydrological 
limitations of rock avalanche evolution into debris 
flows through either entrainment of saturated 
sediments or by failure of a landslide-generated 
dam and upstream impoundment.   We thus 
hypothesized that debris flows from Cheekye 
River could be separated into two quasi- 
homogenous populations: those that are typically 
triggered by relatively small debris avalanches, 
slumps, or rock falls or simply by progressive 
bulking of in-stream erodible sediments; and those 
that are thought to result from transformation of 
rock avalanches. The analysis was conducted for 
a hypothetical 1 Mm3, 3 Mm3 and 5 Mm3

 

 rock 
avalanche (Figure 4).  The simplifying assumption 
was that water in the feeder channels during high 
flows would be overrun and mixed with the 
advancing rock avalanche.  Full mixing is 
considered unlikely because of the complex rock 
avalanche dynamics.  A more plausible scenario 
suggests that saturated channel deposits and 
debris are being ploughed forward by the 
advancing rock avalanche.  The analysis is 
conservative in that it assumes full mixing, thereby 
allowing theoretically for a larger debris-flow 
volume than would be generated by frontal 
ploughing only. 
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Figure 4.  Frequency-magnitude (volume and peak discharge) graphs of debris flows on the Cheekye fan. 
 
 
Results 
 
Mount Garibaldi is composed primarily of relatively 
well-drained pyroclastics with very little mapped 
hydrothermally altered rock.  Hydrothermally 
altered rock can retain abundant water and 
failures originating from such rock do not require 
additional water entrainment along the landslide 
path to reach high mobility.  Debris flows evolving 
from rock slope failures from Mount Garibaldi 
complex, in contrast, are distinct from the 
extremely large debris flows found on glaciated 
volcanoes with a Holocene eruptive history, where 
water is available in the form of glacial meltwater 
and pore water in altered rock. 
 
In addition to the development of an F-M graph of 
debris flows on the Cheekye fan (Figure 4) we 
were able to estimate the maximum credible 
debris flow.  The analysis concluded that for a 
200-year water flood together with entrainment 
and frictional melting of snow, the percentage of 
water content by volume recruited by entrainment 
of streamflow may allow for a rock avalanche of up 
to 3 Mm3

 

, but is very unlikely to support fluidization 
of larger soil and rock masses into debris flows.   

This analysis provides an independent check of 
maximum volume estimates for rock avalanche-
generated debris flows as postulated from studies 
of fan deposits only.   
 
Disregarding the lack of precision inherent in the 
assumptions and calculations provided in this 
study and others, the results from both types of 
analyses are reasonably consistent.   
 
This analysis has also demonstrated that in order 
to arrive at reasonable (credible) estimates for the 
frequency and magnitude of debris flows on a 
complex fan, significant multidisciplinary efforts 
are required.  Without the precursor investigations 
and the additional efforts of this study, life and 
property may be jeopardized and the design of 
debris-flow mitigation may be subject to 
considerable and unquantifiable error. 
 
References 
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More information: 
 
Dr. Matthias Jakob is a senior geoscientist and debris 
flow specialist for BGC Engineering.  He is co-editor of 
the 2005 Springer book "Debris flows and Related 
Phenomena".  Dr. Jakob has recently opened a BGC 
office in Germany.  He may be contacted at 
mjakob@bgcengineering.ca. 
Pierre Friele is the principal geoscientist and owner of 
Cordilleran Geoscience.  He has considerable expertise 
on the hazards along the sea-to-sky highway, and may 
be contacted at friele@telus.net.  
 
 
A re-examination of the mechanism 
and human impact of catastrophic 
mass flows originating on Nevado 
Huascarán, Cordillera Blanca, Peru in 
1962 and 1970 
 
Stephen Evans 
 

 
 
Figure 1. Vertical aerial photograph of the runout of the 1962 
debris flow on the Ranrahirca fan taken the day after the event. 
Note location of the part of Ranrahirca undamaged by flow, and 
the location of Yungay (Y), Cemetery Hill (C) and Matacoto (M). 
Rio Santa runs from right to left. (Servicío Aerofotografíco 
Nacional de Perú 8600-62-3; January 11, 1962). 
 

In a recent paper (Evans et al., 2009), we 
presented a re-examination of the catastrophic 

mass flows that originated on Nevado Huascaran, 
Cordillera Blanca in the Peruvian Andes, in 1962 
and 1970 (Figures 1 and 2). The events have 
achieved iconic status in the geohazard literature 
both for their spectacular geomorphology and the 
reported life loss in both events that according to 
the exisiting literature totalled as much as 30,000 
deaths.  
 

 
 
Figure 2 : Aerial photograph of deposits of the 1970 Huascarán 
debris flow. The debris flow originated in the transformation of 
an earthquake-triggered ice/rock fall from Huascaran through 
entrainment of material in its path. The debris flow surmounted 
Cerro de Aira at C. Y= Yungay Lobe; R= Ranrahica; 
M=Matacoto. Cemetery Hill is circled. Note the trace of 
significant downstream debris flood (aluvión) moving down the 
Rio Santa to the left (NASA aerial photograph, July 14, 1970).   
 
In 1970 the town of Yungay was overwhelmed by 
a lobe of the mass flow (Figure 3) resulting in a 
high loss of life in the settlement itself. Prior to our 
2009 paper, the main source of information on the 
Huascaran events was the benchmark paper by 
USGS geologists George Plafker and George 
Ericksen published in 1978 in the first Barry Voight 
volume on rock avalanches.  
 
Our re-examination was triggered by the continued 
re-occupation of the 1970 debris by the local 
population and the necessity to evaluate risk to 
which the population is thus exposed.  
 
The re-examination was based upon detailed field 
mapping in the Huascaran-Yungay area, an 
extensive review of the literature on both events 
including articles in German, Spanish, English and 
French, the interpretation of recently-released 
NASA aerial photography taken in July 1970, and  
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Figure 3. The site of Yungay before (A) and after (B) the May 31, 1970 debris flow in georeferenced aerial photographs. A: the urban 
area of Yungay is outlined by a white line. The outlined area is 0.36 km2. In the 1961 Peru Census the population of Yungay was 
recorded as being 3,543, a population density of 9,980 p/km2. The Plaza de Armas is visible in the town centre. (Servicío Aerofotografíco 
Nacional de Perú photograph; January 9, 1962). B: the urban area of Yungay superimposed on the debris of the Yungay lobe deposited 
on May 31, 1970. The 1970 population of Yungay has been estimated at 4,100 (see text), a population density of 11,549 p/km2

 

. Note the 
four palms that survived the event are visible at the former site of the Plaza de Armas in the centre of the outlined area. (NASA aerial 
photograph; July 14, 1970. Cemetery Hill is visible near the lower margin of both photographs.       

the digitizing of large-scale maps and their 
analysis in GIS.    
 
In our re-examination of the events, we 
established that both Huascarán mass 
movements, originated as rock/ice falls from the 
mountain’s North Peak (Figure 4), transformed 
into higher-volume high-velocity mud-rich debris 
flows by incorporation of snow from the surface of 
a glacier below Huascarán and the substantial 
entrainment of morainic and colluvial material from 
slopes below the glacier terminus. We found that 
water for fluidization of the entrained material 
originated in the melting of incorporated snow and 
the liberation of soil moisture contained within the 
entrained materials. Eyewitness reports indicate 
very high mean velocities for the events; 17-35 
m/s (1962) and 50-85 m/s (1970). Both mass 
movements continued downstream in the Rio 
Santa as debris floods (aluviones) that in 1970 
reached the Pacific Ocean at a distance of 180 km 
(Figure 2).  
 
In addition, we established that the previously 
reported death tolls were grossly exaggerated by a 
misinterpretation of the 1961 Peru Census, a 
possibility first raised by geomorphologists C. 

Clapperton and P. Hamilton in 1971. After 
consulting original Census documents, we found, 
in strong contrast to recent publications in the 
geosciences literature, 1961 Peru Census data 
indicated that the death toll of the 1970 event was 
ca. 6,000 and that total life loss in the two events 
did not exceed 7,000 people.  
 

 
 
Figure 4 . The upper part of the path of the 1970 mass 
movement that originated in a fall from the North Peak of 
Huascarán. Note summit ice cap, source rock slope, and 
Glacier 511 below the rock slope.  The former site of Yungay is 
in the foreground. 
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Conclusions 
 
From a landslide hazard assessment perspective, 
the Huascaran case highlights 1) the lesson of 
precedence, since the 1962 event presaged to a 
remarkable degree the larger and more 
destructive 1970 event 2) the need for extensive 
and comprehensive field studies in the immediate 
aftermath of a landslide disaster as a basis for the 
accurate reconstruction of the event, 3) a careful 
and objective analysis of the human impact of 
destructive landslides, and  4) the risk to which a 
local population is exposed when landslide debris 
is re-occupied for housing and agriculture despite 
the fact that conditions exist for a recurrence of the 
landslide event (Figure 4). One final note is that 
the mechanism and geometry of the 1970 
Huascaran events was reported with remarkable 
accuracy by Peruvian engineer Luis Ghiglino 
Antunez de Mayolo in a Spanish language 
publication in 1971. 
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More information: 
 
Dr. Stephen Evans is the head of the landslide research 
programme at the University of Waterloo.  He is well 
known for his work on large landslides worldwide, from 
Peru to the Philippines, the former Soviet Union to the 
Americas.  He is co-editor of the recent book 
“Catastrophic Landslides:  effects, occurrence and 
mechanisms” part of the Geological Society of 
America’s reviews in Engineering Geology series.  Dr. 
Evans may be contacted at sgevans@uwaterloo.ca. 
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Bruce Northcote is the Vancouver Island regional 
geologist for the Ministry of Energy, Mines and 
Petroleum Resources.  Bruce has been regional 
geologist or staff geologist with MEMPR for three 
years. He is responsible for tracking exploration 
and mining activity in the southwestern region of 
the province and acting as a resource person 
for government, industry and the public in matters 
relating to geology, mineral potential, exploration 
and mining activity.  
 
Prior to his work in government, he 
worked in industry as an exploration geologist. 
  
Bruce has a BSc from UBC and an MSc from 
Queen's University. 
 
When not displaying his superhuman strength 
lifting rocks (it might be pumice!), he can be found 
exhibiting superhuman speed chasing around his 
four year old daughter. 
 
Bruce can be contacted at (604) 660-2713 or by 
email at Bruce.Northcote@gov.bc.ca.  
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Book Review:  Landslides from 
Massive Rock Slope Failure (Evans, 
Mugnozza, Strom & Hermanns) 
 

 
 

Landslides are complex phenomena that continue 
to exact a toll on human lives, infrastructure and 
the environment.  This impact is felt despite 
considerable advances in technology, experience 
and understanding of landslide characteristics. 
Arguably, landslides from massive rock slope 
failures (LMRFs) are among the most dramatic 
and most tragic of all landslide types killing tens of 
thousands last century alone.  Driving forces 
including climate change, settlement patterns and 
resource development pressures, impacts of 
LMRFs are likely to increase, requiring ever more 
diligent application of geosciences to the world’s 
mountainous areas.  To that end, the NATO 
Science Series has produced a book that attempts 
to cover much of the current knowledge in this 

sub-field.  ‘Landslides from Massive Rock Slope 
Failure’ is the product of a NATO workshop in 
Celano Italy in 2002.  It took four years to produce, 
and to the credit of the editors, it remains current 
and reads as a stand-alone reference, rather than 
merely a workshop proceedings.    
 
The volume begins with a global overview of 
LMRFs, including several from the former Soviet 
Union.  This overview is followed by an excellent 
discussion of analysis options, a review of models 
for several different rock slope failures, including 
model weaknesses.  Monitoring strategies follow, 
as does a section on analysis of post-failure 
behaviour, primarily focussed on runout 
predictions.  Included in this section was a unique 
paper on rock-avalanches triggered by 
underground nuclear explosions – something I, at 
least, have not previously considered.  The book 
does an excellent job of the requisite case studies 
including volcanic landslides, discusses the role of 
geomorphic evolution in the occurrence of LMRFs, 
and closes with the state of the art. 
 
This useful reference volume can be purchased 
online in soft cover for less than $150. 
 
 
Upcoming issues: 
 
Controls to landslide runout: How far will it go? 
 
If you have topics that you would like to see in 
Island Geoscience, drop me a line at 
richard.guthrie@gov.bc.ca.  In the meantime, 
thanks for reading and enjoy your fall!  
  
- RHG 
 
 
 
 

 
 
Glacier on Snow Jade Dragon Mountain in China 
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