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FACTORS CONTRIBUTING TO LANDSLIDE POTENTIAL

A number of factors—some related to geological conditions, others to human
use or abuse of land—determine whether or not a landslide will develop in
a particular area.

Natural forces acting upon the landscape for thousands of years have
produced much of the terrain as we now view it in lllinois. In most places,
the slopes are gentle, resulting from gradual, grain-by-grain erosion of rela-
tively soft earth materials. However, the effects of dynamic erosion can be
observed along gullies, creeks, and rivers; the erosive action of waves and high
water levels along lake shores is evidence of a powerful system at work that
disrupts the gentle slopes of the terrain. The major effect of these forces is
to steepen the slopes by transporting material away from their bases. How the
slopes adjust to this undercutting depends upon the composition of the
slopes (the geology) and the interplay of the geology with other natural and
man-induced factors.

GEOLOGIC CONDITIONS

Landslide prone areas in lllinois are found where one or more of the follow-
ing geologic conditions exists:

Bedrock at ground surface. Bedrock—usually limestone, dolomite, sand-
stone, shale, or coal—exposed at ground surface or covered only with a thin
veneer (usually less than 5 ft) of loess, alluvium, sand and gravel, or soil
formed from weathering of the bedrock. This type of geology is found in
three major regions of Illinois:

O along the major river valleys—especially the Mississippi and lllinois
Rivers—where Mississippian and Pennsylvanian rocks are exposed (fig. 20).

O jn southern lllinois, beyond the margin of glaciation, where rocks
ranging in age from Ordovician to Tertiary are exposed in the driftless area.

O jn the northwestern corner of the state, where Ordovician and Silurian
rocks are exposed.

These areas are shown in white and labeled as bedrock on the Quaternary
Deposits of Illinois map (fig. 21). Bedrock is also found at or near ground
surface in many other scattered localities not large enough to be shown on
the map. Rock falls, rock slumps, and rock creep may occur in such areas,
depending on how particular geologic conditions interact with other factors.

When shale underlies limestone or sandstone units in areas where bedrock
is near the land surface, landslide potential is generally increased. Rock fa'ls
may occur because shale is usually more easily eroded than are the more
resistant overlying limestones and sandstones, and such erosion removes
support from these rocks; rock slumps and rock creeps are likely because the
top surface of the shale provides a wet, slippery surface on which overlying
blocks of rocks may slump and slide (or creep if the angle is low).

Shallow bedrock overlain by loess and/or glacial tills. Bedrock close enough
to the surface to provide a slippage plane for overlying material such as loess
or glacial till. This condition is found primarily along the Mississippi and
Illinois River valleys, but also in many other places where the bedrock surface
intercepts a slope at land surface. Landslides categorized as “‘earth slump on
bedrock’ are likely to be found in such areas.

Pennsylvanian shale is the most frequently encountered bedrock in this
type of landslide-prone area (fig. 20); however, the more clayey weathered
bedrock surfaces may provide a barrier to downward water movement. Once
the overlying units become saturated and the upper surface of the bedrock
becomes lubricated, slumping is likely to occur.
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OTHER NATURAL FACTORS

Slope angle, precipitation rate, freeze-thaw cycles, and vegetation also affect
slope stability. These factors are closely interrelated, even though a particular
factor may appear to be dominant at a specific location.

Slope angle. The maximum slope inclination (grade) that the soils and rock
materials constituting a slope can support without failure—under existing
conditions of geology, climate, vegetation, and land use—is called the critical
slope angle; this angle is different for different geological materials. Usually,
the more resistant the geologic materials, the steeper the critical slope angle,
and therefore the steeper the natural slope. For example, sand dunes have
little strength, fail easily, and form very gentle slopes. On the other hand,
bluffs consisting of glacial till have relatively high strengths and stand in
high, steep cliffs similar to the rock bluffs along the Mississippi River valley
in the southwest part of the state. Very few slope faces are of uniform geo-
logical composition, and therefore, very few slopes have the same angle of
stability from top to bottom along the face.

Precipitation rate. Precipitation rates vary from place to place, season to
season, and year to year. Precipitation can affect slope stability by causing
arise or fall in the water table (the approximate depth at which water satu-
rates the ground). As the water table rises, the pore-water pressure between
the grains of soil increases, pushes the particles apart, and gradually reduces
the cohesiveness of the earth materials. Once slip planes form and failure
occurs, water may accelerate the rate of movement. Increased pore-water
pressure tends to increase the velocity of some landslides by lowering the
viscosity of the debris and/or lubricating the debris or the slip plane. Even
after a slope stabilizes, renewed movement may take place if pore-water
pressures are not maintained at a reduced level by installation of drains.

Cycles of freezing and thawing. Rocks subjected repeatedly to freezing and
thawing may split apart eventually and tumble downslope. Water in existing
joints in rocks expands during freezing, creating larger cracks that water,
roots, and other materials can penetrate. This continuous process contributes
to increased slope instability. When bluff faces freeze, normal drainage of the
slope is impeded, and the water table may rise in the slope. In some places
(especially on artificial slopes such as highway embankments), frost forms
in the cover soil overlying compacted materials. When the frost thaws, the
saturated soils turn to liquid and flow as debris slides—the “’skin”’ slides
discussed earlier. These slides can also occur when thawing takes place only
at the surface.

Vegetation. Deep roots of trees and some grasses cling to the rocks and
soil that hold the slope—so vegetation is usually credited with increasing
the stability of slopes. Plants that require a great deal of water tend to lower
the water table and increase stability. However, vegetation is not always
beneficial. Some grasses tend to hold the water in the ground and keep it
from running off, increasing infiltration rates and raising water table levels.
Roots of trees and brush may also force apart large blocks of rock that may
finally tumble downslope.
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Figure 24 This earth slump in western lllinois was aggravated when a load of stone was placed on the uppermost silump unit to fill
the area. Subsequent movement caused additional damage to the road.
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Figure 25 A close-up view (from the opposite direction) of the slide’s main scarp. Blocks of asphalt roadway appear in the fore-
ground. The crushed rock in the background, added to stabilize the slide, overloaded the uppermost slump unit and contributed to
additional sliding. (Photo: S. C. Bradford, ISGS)
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