The Mackenzie Landslide Database Summary

(Summary of the data provided in Open Files 3915, 3916, and 3917)


Landslides occur the length of the Mackenzie valley, however, they tend to be concentrated in specific zones within the study area.  These zones include the banks of the Mackenzie and its tributaries where the rivers have eroded deep channels into the underlying unconsolidated Quaternary sediments or, in places, bedrock; the slopes rising towards the Mackenzie and Richardson mountain fronts; the steep slopes of the ranges in the Mackenzie and Franklin mountains to the west of the Mackenzie River, and to a lesser extent the slopes of the ranges east of the Mackenzie River; the shores of the hundreds of small lakes of the Tuktoyaktuk Peninsula and Richards Island; and the cliffs of the Beaufort Coast.


Landslides range in area from 225 m2 to 20 km2.  The mean area (scar and debris tongue) of a landslide in the inventory is approximately 0.5 km2 and median value is 0.25 km2.  In general, size of landslide increases towards the south.  The northern part of the study area is characterized by  hundreds of small retrogressive thaw flows.  Rotational slides, which generally are larger, are more frequent in the southern part of the study area.  Many of the massive landslide areas are composed of several large coalescing and overlapping landslides which may represent years of landslide activity rather than one event.


Elevations of the scars range from a few metres above sea level along the Beaufort coast to 1980 m in the Mackenzie Mountains.  A general trend of increasing elevation of landslide scar to the west reflects the general rise to the Mackenzie and Richardson mountains.  Although there is a range of elevations represented, generally landslides are restricted to lower elevations (500 m or lower).  These are the areas with the greatest accummulation of unconsolidated Quaternary sediments, in particular glaciolacustrine sediments, and also the areas most affected by river erosion.  Landslides at higher elevations are almost exclusively bedrock failures on steep slopes.


Although no strong relationship exists between landslide frequency and aspect (direction of movement), there are somewhat fewer landslides with a northerly aspect.  When only landslides in unconsolidated Quaternary sediments are considered, a westerly aspect is slightly more dominant than the other directions.  For the most part, the role of aspect unrelated to site control is insignificant.  Site considerations, i.e. position with respect to the thalweg of a river or inclination of a bedrock formation, are more important.


Certain geological materials are particularly prone to slope failure. Most landslides in rock occur in shale or in shale-mudstone-siltstone formations, —soft, thinly bedded and generally friable and fissile sedimentary rock. Where landslides occur in harder, more competent rock such as limestone, dolomite, sandstone, and quartzite, the failure probably occurs along a bedding plane or in a shale bed within or beneath the more competent rock formation.  Shale may move as a flow (active-layer detachment or debris flow) if very moist and disintegrated or as a slide; limestone and dolomite fail as a slide, either a translational failure along a bedding plane, or a rotational failure on underlying weak shale.


For unconsolidated Quaternary deposits, the greatest number of landslides (65%) occurred within till, a glacial sediment having a wide range of particle sizes.  This number of failures is probably a reflection of both the potentially icy nature of the fine-grained matrix and the widespread distribution of till as compared to other Quaternary sediments within the region.  In some cases, the failure plane is at the till/bedrock interface.  Lacustrine clays and silts are involved in 17% of the landslides and glaciofluvial sands, silts, and gravels (10% of the landslides), deltaic sands and silts (5% of the landslides) and other deposits (3% of the landslides).  In the case of glaciofluvial and deltaic sediments, the deposit commonly overlies lacustrine fine-grained sediments and in many instances the failure includes these underlying sediments.


Fine-grained sediments (silts and clays or fine-matrix tills) are commonly ice-rich, with ice content varying from ice crystals to massive lenses of pure ice. Thaw in ice-rich, fine-grained sediments causes flow-type landslides, due to the low strength of the resulting water-saturated sediments.  In these icy sediments, even low-angle slopes in areas of relatively little relief are susceptible to active-layer detachments and retrogressive thaw flows.  If relief is sufficient, these flows can move very rapidly as debris flows. Although much less common, sands, if well saturated, also may flow rapidly downslope as debris flows.


Coarse-grained sediments (sands and gravels) are less likely to contain ice in excess of the pore volume and tend to fail in blocks as rotational slides.  Landsliding is most likely along steep riverbanks eroded in sands and gravels and may be promoted by the presence of weaker, unfrozen lacustrine clays underlying the typically frozen sands. 

A full discussion of the data can be found in Aylsworth et al., 2000 and in Aylsworth and Duk-Rodkin, 1997.  These papers discuss the types and distribution of landslides in the Mackenzie valley, their failure mechanisms, their geological and permafrost associations, their susceptibility to climatically induced triggers, and the probable impact of climate change on slope failure in the future.  With respect to the latter, the authors suggest that there will be a period of increased landslide activity as the landscape adjusts to new climate conditions and that this activity likely will be greatest in those regions that are currently experiencing landslide activity.  Sites most susceptible to climatically-induced landslides include ice-rich, fine-grained sediments on slopes in close proximity to bodies of water or rivers,  or  frozen coarse-grained sediments overlying clay or  clayey till in steep sections along river banks where permafrost does not extend to the base of the section.
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