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Abstract:
There are over 200 mapped slope failures in Yellowstone County, Montana. This study uses
Geographic Information Systems (GIS) analysis to predict slope-failure hazard. Most regional slope
stability analyses do not address discontinuity factors although such discontinuities are widely
recognized as important. This analysis tests the importance of bedding-plane discontinuities in
Yellowstone County.

Data layers consist of ARC/INFO grids with values of slope gradient, material type, slope type and the
distance to the nearest lithologic contact for each 30 meter cell of the study area. Average slope
gradient was calculated from U.S. Geologic Survey 30m Digital Elevation Models. Material type was
categorized as the dominate lithologic material (sandstone, shale or mixed) in each cell area. A surface
was created from near surface structure to represent bedding layers parallel to lithologic units. Slope
type was determined from the relative structure gradient (dip) and slope gradient, identifying key areas
having similar structure orientation and slope aspect. A stepwise discriminant analysis was used to
determine the combination of slope, material, slope type and contact distance factors to determine the
combination of variables to maximize the difference between mapped landslide locations and a set of
stable slope cells.

Slope gradient is the strongest discriminating factor, and accounts for nearly 80% of the variance in the
discriminant function. Material type has minimal significance and slope type is insignificant in
discriminating between failed and stable slopes in this study. The distance to contacts with relatively
hard lithologic units overlying relatively soft lithologic units is significant in discriminating between
failed and stable slopes, accounting for nearly 20% of the discriminant variance. The origin of these
relationships is probably related to mass movement.

Bedding discontinuity is a relevant factor although bedding is not a significant factor as determined for
this study area. Overdip slope types are likely misclassified because the cell size (±250 m) approaches
the size of mass-movement features. Site analysis shows discontinuities are a part of overall instability
analysis, however, further work is needed to successfully incorporate bedding discontinuities in a
regional stability analysis.

The probability of rock slope failure was determined for southern Yellowstone County, Montana from
slope gradient, material type and the distance to the nearest hard over soft contact. This study does not
give any site-specific information because input data was averaged to 30m grid cells and the resolution
of combined analysis of multiple data sources is ~250m. The results indicate slope-failure probability
for general areas. The maps can be used for regional assessment and emphasize where site-specific
analysis is strongly recommended before development. 
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