
Slope stability evaluation for land capability reconnaissance in the Northern Rocky Mountains
by Clifford Montagne

A thesis submitted in partial fulfillment of the requirements for the degree of DOCTOR OF
PHILOSOPHY in Crop and Soil Science
Montana State University
© Copyright by Clifford Montagne (1976)

Abstract:
Land planning and use in the United States is becoming more sensitive to the carrying capacity limits
of land potential. In the Northern Rocky Mountains, land managers must evaluate vast areas of
undeveloped land before committing some of it to irreversible use for recreation development and
timber harvest. Landsliding (slope stability) is a major hazard of development in mountain terrain.
Engineering slope stability analyses are too sophisticated for use in broad level land systems
reconnaissance, so the land manager needs a simple and rapid method to evaluate slope stability.

Environmental features of fifty-five landslides in the Gallatin Canyon area of southwestern Montana
are described. The study area is typical of much of the Rocky Mountains in terms of geology,
vegetation, hydrology and climate. The landslides are classified by bedrock type and size. Failures
occur with decreasing frequency on terrain of Cretaceous, Tertiary volcanic, other Mesozoic and
Paleozoic, and Precambrian bedrock.

Larger landslides involve failed incompetent bedrock on gentle slopes with free water and vegetative
indicators of free water. They are often relics of glacial and immediately post-glacial time. Smaller
landslides involve colluvium on steep slopes without bedrock control and are often associated with
roadcuts.

The descriptive term "bedrock control" is proposed to describe influence of bedrock on colluvial
hillslope stability. The term "threshold basin" describes relic pre-Tertiary volcanic terrain now being
exhumed by landslides and other mass wasting. The ratio of percent of clay to percent coarse fragments
indicates surficial material stability. Landslides and highly erodible pinpoint sources account for high
Gallatin River sediment turbidity from summer and fall storms.

A reconnaissance slope stability analysis system is developed. Presence of features such as critical
slope angle, bedrock type, geologic structure, bedrock control, old landslide terrain, free water,
vegetative indicators of moisture, roadcut, oversteepening, till, water impermeable layer, and bedrock
weathering or alteration are added to obtain a total score indicative of stability hazard. The
multidisciplinary approach to joint land inventory and stability analysis is demonstrated at various
scales and levels of intensity.

Gallatin Canyon slope stability hazard and other multidisciplinary information are combined in an
Ecological Land Unit map and a Unique and Critical Areas map for communication and general
planning. 
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