Geohazard Report: The Joffre Peak Landslides, May 2019

File: 17275_20 Joffre
Location: 50.343147⁰ N, 122.445828⁰ W

The northeast face of Joffre Peak after the May 16 landslide.

Joffre Peak Landslides, May 2019

Summary
•
•
•
•
•
•

Two long runout rock avalanches occurred three days apart on Joffre Peak (May 13 and May 16
2019).
The main landslides are about four kilometers in length but they generated debris floods which
travelled to at least the junction of Cerise Creek with Cayoosh Creek (5.3 km total distance).
A third landslide is possible, but it is likely to be significantly smaller.
Recommended closure of affected trails within Nlháxten/Cerise Creek Conservancy for one year
and a follow-up assessment by a geohazard specialist in 2020.
It is unlikely that a landslide of sufficient volume to reach Upper Joffre Lake will occur from the
southwest side of Joffre Peak.
It is unlikely a landslide of sufficient volume that could reach Highway 99 will occur.

1.0 Introduction
At the request of Jennie Aikman, Regional Director of BC Parks, I assessed new landslides on Mt Joffre,
approximately 25 km east of Pemberton. The first landslide was noted by Michael Blancher of Ministry
of Transportation and Infrastructure (MOTI) on May 13th, 2019, and our first helicopter assessment
occurred May 15th, 2019. On board were Kevin Wagner, BC Parks Pemberton Area Supervisor, Chief
Dean Nelson of the Lil’wat Nation, Pierre Friele of Cordilleran Geoscience, Jesse Schafer, Forests Lands
Natural Resource Operations and Rural Development (FLNRORD) Geomorphology assistant, and myself.
We departed at about 11 AM and returned shortly after 12 PM. No time was spent on the ground.
A second landslide on Joffre Peak occurred May 16, and a second assessment flight occurred May 18. On
board were Pierre Friele, Hardy Bartle, Geotechnical Engineer of the FLNRORD West Coast Region, Jesse
Schafer, Andrew Mitchell, Ph.D candidate in the UBC Earth and Ocean Sciences Faculty, and myself. We
departed at 15:30 hrs and returned by 17:00 hrs. We spent a brief period of time on the lower landslide
track before ominous sounding rockfall from the headscarp caused our rapid departure.
BC Parks’ requested objectives of the assessment were to:
•
•
•
•

assess the extent of damage from the landslide
impacts to BC Parks summer/winter trails
determine the perimeter of the slide
assess the northeast and west faces of Joffre peak for further risk.

In addition, I assessed potential hazard to Highway 99.

2.0 Location and site description
Both landslides are located on the northeast side of Joffre Peak, a rugged mountain rising to an
elevation of over 2700 m (Figure 1). Bedrock at the failure site is mid-Cretaceous diorite; lower in the
landslide path bedrock is mid-Cretaceous granodiorite (IMAPBC). No faults are mapped in the Joffre
Group. The steep bedrocks slopes of Joffre Peak are partially mantled with snow and ice above
elevations of 2000 m. Between elevations of 1500 and 2000 m slopes are mostly vegetation-free, with
lateral and terminal moraines exposed due to retreating glaciers. Forests are prevalent below 1500 m
elevation, and on the adjacent south-facing slope the forest extends up to an elevation of 1880 m.
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Almost all of the landslide areas are located within the Nlháxten/Cerise Creek Conservancy managed by
BC Parks and the Lil’wat Nation. Cerise Creek joins Cayoosh Creek about 100 m from Highway 99, with
Highway 99 on the opposite valley side of Cerise Creek and 20 vertical metres above the stream
junction.

3.0 Antecedent Weather
Pierre Friele analysed local weather station and snow data (pers comm May 13, 2019). Prior to the first
slide, no snow existed at Cayoosh Summit at 1350 m elevation (BC Ministry of Transportation and
Infrastructure); about 150 mm of snow-water-equivalent was present at an elevation 1890 m at the
Blowdown Mid station. Near the summit, it is likely that the snow pack remained metres deep. There
was a pronounced climb in temperatures starting May 3 – 4th, and no nighttime freezing at elevations
below 2300 m (Blowdown Peak station) after May 7. This warming resulted in rapid snowmelt at mid
and upper elevations. The first landslide occurred on May 13th, about ten days into the warming trend.

4.0 Landslide descriptions
Indications of slope deformation became visible in March 20, 2019 imagery from Sentinel Hub. Bare rock
faces and rock debris on the slope below the site of the May 13th landslide are evident. This was also
noted by public observations (Ron Goldstone, Wayne Flann) posted on the Southcoast Touring Facebook
page (Figure 2).
The main scarp of both slides is a prominent joint surface that dips approximately 70⁰ to the northeast
(Figures 3 and 4). The May 13th landslide shows widespread slight weathering on the main backscarp.
The May 16th backscarp also shows slight weathering but to a lesser spatial extent. Below the backscarp,
the May 13th slide has a joint surface that dips towards the northwest. A portion of the May 16th slide
shares this same failure plane, but the east side of this slide has a failure plane dipping towards the
northeast. The May 13th landslide was bounded on both slides by parallel joint surfaces, approximately
orthogonal to the backscarp, that project through the mountain.
Both landslides initiated as rock slides, transitioning rapidly to rock avalanches and incorporated snow
and ice into the landslide mass. Both rock avalanches superelevated on corners, indicating high velocity
(Figure 5). Each failure is estimated as being between 2 and 5 million cubic metres including snow, ice,
and sediment incorporated into the failure mass as the landslides travelled downslope. Figure 6 shows
the perimeters of both landslides.
The May 13th slide started at an elevation of about 2560 m and travelled 4.0 km before the main slide
mass halted just upstream of where the forestry road crossed Cerise Creek (Figure 6). Cerise Creek had
an elevation of 1290 m here. The slide occupies an area of 133 ha and widths average 270 m. The main
deposit zone showed extensive ponding of water by May 15th (Figure 7). Debris flood deposits are
evident for another 0.3 km downstream of the end of the debris flow deposits, where Cerise Creek
becomes confined in a canyon. Debris flood deposits were visible at the junction of Cerise Creek and
Cayoosh Creek, 5.3 km from the initiation zone.
The May 16th slide started at an elevation of about 2690 m and travelled 3.6 km before the main mass
deposited (Figure 6). Cerise Creek had an elevation of 1340 m here. The main mass of the May 16 event
stopped about 400 m upstream of the May 13th event, but occupied more area (150 ha), and had an
average width of 430 m. Combined, the two rock avalanches deposited about 20 m of rock and
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sediment into the main valley of Cerise Creek. As with the May 13 deposit, the May 16 deposit has
ponded water on the surface of the deposit (Figure 8). Water ponded on the surface of the May 13th
event likely surged down-valley as a debris flood as the May 16th slide displaced the ponded water. Large
volumes of woody debris and muddy debris are visible in lower Cerise Creek immediately upstream of
its junction with Cayoosh Creek (Figure 9), and a fresh debris jam is in Cayoosh Creek about 200 m
downstream of the junction of the two creeks (Figure 10). Significant sediment deposition has occurred
downstream of the highway crossing, and post-event satellite imagery shows a plume of sediment is
visible in Duffey Lake (Sentinel-Hub).

5.0 Description of adjacent Joffre Peak slopes
A third rock mass on the northeast side of Joffre Peak is potentially unstable (Figure 11). There is a
similar joint plane at the back of this rock mass as with the main failure surfaces of the May 13 and May
16 events. No evidence of recent movement in this joint was evident during our flights, however much
of the joint crack was covered by snow, so movement may have been obscured. While I did not observe
any indications of imminent movement, the similarity in rock structure in this mass compared to the two
new failures indicates that failure is possible or likely. Should this mass fail, it is likely to be less than one
million cubic metres. Runout distance is likely to be less than 1.4 km, or to an elevation of 1750 m,
following a path similar to the May 13 and May 16 landslides.
The southwest slope of Joffre Peak lies above Upper Joffre Lake. Slope steepness is generally less than
on the northeast slope of Joffre Peak, and rock jointing is more favourable for stability than on the
northeast side. No indications of slope distress were noted on this side of the mountain. It is unlikely
that a slide of sufficient volume to reach Upper Joffre Lake will occur.

6.0 Assessment of possible causes of failure
Landslide causes can be described by both conditioning factors and triggers. Conditioning factors are
changes over time that predispose a slope to failure; a trigger is the final factor that directly causes the
failure. Conditioning factors for the May 13th slide likely include both debuttressing of the rock mass
from alpine glacier retreat (Bolch et al., 2010), and permafrost degradation within the rock mass as
climate warming results in higher freezing levels, loss of ice cover, and thawing of the rock mass
(Clouthier et al, 2017). The northeast face of Joffre Peak had very steep slopes at the base of the failed
mass, below which there is the remnants of a glacier. Aerial photographs from 1973 show substantially
more ice at the base of the failures than is shown in the 2017 orthophoto. Loss of ice has exposed this
steep face, with the ice no longer buttressing it. Similarly, as a rock mass thaws, liquid water can
penetrate joints within the rock, leading to increased freeze/thaw cycles and accelerated chemical and
mechanical weathering, conditioning the slope for failure (Deline et al., 2014). It is not known whether
this occurred on Joffre Peak, but it is possible. The high temperatures from May 3rd to May 13th would
have resulted in increased snowmelt; as water penetrated the joints in the rock mass, additional
thawing may have occurred and higher pore pressures likely triggered the failure.
The May 16th failure likely had similar conditioning factors of glacial debuttressing and permafrost
degradation. In addition, the May 13th slide also debuttressed a failure plane within the May 16th slide;
on the May 15 overflight, tension cracks were visible in the snowfield on the west side of the failed mass
and an open tension crack was noted in the backjoint on the east side. These were clear signs of
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distress. This, in combination with higher pore pressures from snowmelt, likely would have been the
trigger that caused the second landslide.

7.0 Conclusion and recommendations
The May 13 and May 16, 2019 rock slides on the northeast face of Joffre Peak likely reflect a warming
climate. More events similar to these may occur, both within the immediate vicinity of Joffre Peak, and
elsewhere in the Coast Mountains as glaciers retreat and permafrost degrades.
Presently, small rockfalls and icefalls from the fresh scar occur frequently, creating a very high hazard
within the former glacier forefield area. A future large failure of rock and ice from the Cerise Creek side
of Joffre Peak cannot be ruled out. A failure volume of approximately one million cubic metres is
possible. If the identified rock mass fails (Figure 11), it is likely to have a shorter runout distance than the
May 13 and May 16 events, likely no more than 1.4 km. This spring and summer are periods of elevated
failure likelihood as the slope adjusts to the two new events and as snow and ice melt continue. The
rock face will likely continue to have rockfall and perhaps larger failures over the next few years.
A much larger landslide than the two May 2019 events would be required to reach Highway 99. While
there is no current evidence suggesting such a massive slide is evident, monitoring of Joffre Peak would
be prudent.
Drainage in Cerise Valley is disrupted and water is ponding on the slide mass. There is some possibility,
likely low, of a small outburst flood that may present danger to people near Cerise Creek.
The southwest side of Joffre Peak is located above Joffre Lakes. It is unlikely that a slide of sufficient
volume to reach Upper Joffre Lake will occur.

7.1 Recommendations
1. As a safety precaution, delay re-establishment of hiking/skiing routes for at least one year in the
Nlháxten/Cerise Creek Conservancy, to allow for slope adjustments and a potential imminent
collapse to occur. A geohazard specialist review should be done in Spring 2020 to determine
whether the closure should be lifted.
2. The high hazard rock avalanche area shown in Figure 12 is not recommended for travel for one
year, and not recommended for overnight stays on a long term basis. Following a positive
geohazard review in 2020, backcountry travellers should pass through this zone efficiently.
3. Monitor the slopes to observe whether new events have occurred, or whether the slope is
deforming (cracks in the rock widening or similar features). Monitoring can occur with telephoto
photographs taken from the highway, review of satellite imagery, or helicopter flights for closer
inspection of the rock slope. Monitoring should occur in July or August, October (before
snowfall), and in Spring 2020.
4. Monitor ponded water within the Cerise Valley using available satellite imagery, and if possible,
helicopter assessment.
5. MOTI should monitor the Highway 99 crossing of Cayoosh Creek. Debris jams and sediment
deposition may affect the crossing.
6. BC Parks, FLNRORD, MOTI, and EMBC should be prepared for frequent public reports of rockfall
from Joffre Peak.
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Please contact me if you have further questions.

Tom Millard, M.Sc., P.Geo.
Research Geomorphologist
West Coast Region, FLNRORD
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9.0 Figures

Figure 1. Location map of Joffre Peak landslides
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Figure 2. Antecedent movement and images of the May 13 and May 16 landslides compiled by Pierre
Friele.

Figure 3. Photograph of the May 13, 2019 headscarp.
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Figure 4. Photograph of May 16 and May 13th headscarp.

Figure 5. Superelevation of the May 13 and May 16 events.
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Figure 6. Perimeters of May 13 and May 16 landslides
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Figure 7. Ponded water on May 13th deposits. Note narrowing of the slide track just upstream of the
forestry road crossing, indicating the end of the debris flow deposits and the start of the debris flood
deposits set within the narrower channel.

Figure 8. Ponded water on the surface of the May 16 landslide deposits.
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Figure 9. Cerise Creek immediately upstream of Cayoosh Creek.

Figure 10. Junction of Cerise and Cayoosh Creeks after the May 16th landslide. Note new and old woody
debris jam.
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Figure 11. Potentially unstable rock mass adjacent to May 2019 failures.
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Figure 12. High hazard rock avalanche area.
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