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Landslides and Geologic Hazards Baseline Report
1.

Stressor or Driver Description

Landslides are defined as the movement of a mass of rock debris, earth, or soil. Landslides occur when
gravitational and other types of shear stresses within a slope exceed the shear strength of materials that
form the slope. The North Zone (NZ) has the highest concentration of landslides on the forest
(Attachment 1 and 2). Landslides on the Wasatch Plateau typically occur under conditions of high
precipitation rates (including high snow pack), saturated soils, and rapid spring snowmelt run-off. When
these factors occur simultaneously, the potential for large landslides increases as do hazards to people,
roads and other facilities on the forest. The geologic units of the NZ prone to landslides are the Tertiary
Flagstaff limestone, Tertiary-Cretaceous North Horn shale and the Cretaceous Price River sandstone and
shale. The discontinuous interbedded configuration of these formations decreases lateral stability. When
the soil is saturated the potential for liquefaction of the unconsolidated sediments and landslide risk is
significantly increased. Other contributing factors to increased risk of landslides include slope steepness,
earthquakes, loss or removal of vegetative cover, and aspect.
During the years of 1983 and 1984 major landslides occurred on the Wasatch Plateau due to record snow
pack. The largest slide was the 1983 Twelve Mile (South Fork) landslide. These conditions repeated in
1998 when another record snow pack triggered the Cooley Creek landslide (Figure 1). In both cases,
catastrophic failure released landslides on low angle slopes, due to saturation of unconsolidated sediments
and rapid spring run-off. Catastrophic slides occur more frequently on the west side of the Wasatch
Plateau, due to higher precipitation rates and the westerly oriented monocline geologic structure dip-slope
angle.
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Figure 1. Cooley Creek and Twelve Mile landslides on NZ of the forest

Landslides in the Twelve Mile drainage tend to occur on south-west facing aspects, with slopes
averaging 15.6 degrees and at approximately 8,400 feet in elevation (UGS power point 2011).
The Meadow Gulch slide in the Muddy Creek drainage is also located on the NZ of the forest.
This area occurs within the North Horn Formation and is prone to slides and slumping on an
annual basis. Figure 2 shows the area devoid of vegetation where recent slides have occurred.
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Figure 2 Meadow Gulch Slide in the Muddy Creek drainage; North Horn Fm., orange arrows show locations of standing water

Unlike the Cooley and Twelve Mile slides, the Meadow Gulch slide area is more prone to
rotational failure rather than catastrophic failure, possibly due to more localized soil saturation.
Figure 3 shows the general anatomy of a rotational slide. Note surface water locations above the
foot of the slide in Figure 2. This is due to residual depressions behind the foot of the slide and to
the impermeable nature of underlying North Horn shale. However, seasonal spring run-off may
4
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infiltrate along cracks, causing clay minerals within the formation to swell, resulting in continued
slumping at the main scarp area. Clay layers at the base of the slump are lubricated by water
facilitating slide rotation. This may be a self-perpetuated process, which may present a local
hazard to roads and structures both above and below the slide area.

Figure 3 Rotational slide (slump) anatomy

2.

Indicators

Precipitation amounts and rates are not always accurate indicators of potential landslide events.
The key indicator seems to be the timing of spring run-off (Highland 2004). The accelerated
melting of record snow pack, due to rapid warming generates abnormally excessive run-off
locally. This input may exceed soil drainage capacity, resulting in supersaturation of the soil. Soil
saturation due to high precipitation rates in the fall, may also contribute to landslide increased
probability in the spring.
Other indicators may be the presence of older preexisting landslides, slumps, the presence of
surface cracks and other more nuanced indicators such as leaning fence posts, telephone poles or
trees indicating creep.
Wildfire results in a loss of vegetation, vegetation canopy, soil surface cover, and the creation of
water repellant soils in some ecosystem types (Cannon, 2002; Freidel, 2011). These conditions
can cause a significant increase in runoff, resulting in rapid erosion, soil movement and potential
landslides.
Road design may not take into account such factors as slope, geology, soil overburden, location
of faults, springs, and seeps. Undercutting a steep slope greatly adds to instability by removing
the slope’s base support. Locating a road in an area of a preexisting water source adds to local
instability. By not having properly sized culverts or not keeping culverts clear of debris causes
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the water to overflow the road and spread out along the slope rather than being confined to the
appropriate drainage, thereby contributing to slope instability.
Over grazing causes loss of vegetation and destruction of roots that bind the soil leading to a loss
of natural soil cohesion. Over grazing was so severe in the late 1800’s that it was one of the main
factors driving the creation of the Manti and La Sal National Forests. Evidence of this past
damage is reflected in artificial terraces around some hillsides that were created in an effort to
reduce the severe erosion caused by over grazing. These terraces are still present today and
visible in parts of the Forest. Due to proper range management, the risk of landslides due to
grazing has been greatly reduced.

3.

Scale

Landslides and geologic hazards, were they occur, affect small (tens of acres) to large (thousands of
acres) areas on the forest. Impacts to human uses may be minor such as soil material covering a road
surface to major such as entire hillslopes moving for several thousand feet impacting roads, trails, water
systems and critical structures such as powerlines. Mapping of landslides and geologic hazards has
been completed both at a forest wide scale and more detailed watershed scale for specific high hazard
areas. The inventory and mapping is a continuous process of updating information and risks as new tools
and technology become available to accurately predict future landslides and geologic hazards.

4.

Existing Condition of the Indicators

The Manti-La Sal National Forest intensified its effort in the early 2000’s to establish a baseline
inventory of landslides in areas where instability could threaten infrastructures, safety, project
success, or watershed conditions. The approach uses historic and recent aerial photography to
look for trends.
A Draft forest-wide landslide GIS layer was created in preparation for Forest Plan Revision.
The method involved interpretation and “on-screen” digitizing of landslides previously identified
on 1997 Digital ortho-photography.
Beginning in July 2008, the Forest Service entered into a cost share agreements with the Utah
Geological Survey (UGS) to refine landslide mapping for the high landslide risk areas on the
Wasatch Plateau. The inventory method combined interpretation of aerial photography dating
back to 1940 with visits to correlate what was being seen on stereo photos with ground
conditions.
The main deliverable is a landslide layer categorizing slides as dormant, slow moving, and
active. This layer is being incorporated in the final Forests landslide GIS layer. Detailed
mapping has been completed in the 12 mile, Muddy, and Ferron Creek drainages” (Manti-La
Sal monitoring report 2011) (see figure 4 map). Therefore, major landslide occurrences on the
NZ of the forest have been primarily mapped by the UGS with some historical data incorporated
by USGS mapping. At present, the forest no longer has a cost share agreement with the UGS to
map landslides on the Forest. The major landslide areas have already been mapped, but there are
a few locations on the forest where mapping has not been completed. At present, the forest needs
to consult with UGS in order to identify the remaining landslide locations and calculate the
funding needed to complete the mapping. This may require a new cost share agreement.
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Figure 4 UGS landslide mapping on the NZ of the forest as of 2014
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The UGS uses Light Detection and Ranging techniques (LiDAR) to identify and refine landslide
boundaries on the NZ of the forest (figure 5 and 6).

Figure 5 image of landslide mapping

Figure 6 LiDAR image of landslide mapping

The forest has acquired the most recent landslide data from the UGS in order to update the forest
landslide hazard risk map. This map will show the condition of the existing indicators, which is
the most recent landslides that have occurred on the forest.
In the South Zone, much of the Forest is within igneous rock (La Sal Mountains and Abajo
Mountains, diorite porphyry). This area is more prone to rock slides and falls in the central
8
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igneous zone. The geological formations flanking the laccolithic intrusions of the La Sal and
Abajo Mountains are also prone to landslides. The upper shale members of the Triassic
Moenkopi Formation are often associated with landslides. Forest road 0088, near the Notch-Elk
Ridge area of the Monticello District is often in need of repair due to the continuous landslides
associated with this formation.
Landslides occurrences on the SZ have been mapped by forest service personnel and the USGS
in the past and are incorporated in the landslide GIS layer.

5.

Trends

Past landslide events on the Wasatch Plateau have occurred in the Joes Valley area and on the
west and southwest side of the plateau. The west side of the plateau is more susceptible to mass
wasting, due to greater precipitation and the westward dip of the strata which coincides with the
direction of slope. The forest has taken this data and developed a GIS landslide risk model
depicting mapped areas on the forest with extremely high to low landslide risks. Regional trends
are also shown on this map. At present, the forest has acquired the most recent data for the NZ
from the UGS in order to generate an updated landslide risk assessment map.

6.

Resources Affected By Landslides and Geologic Hazards

Water Resources – increased sedimentation, chemical contamination, irrigation systems failure
Soil Resources- loss of surface soils that can reduce long term productivity
Recreational Resources – campgrounds, fisheries, roads, trails.
Timber – landslides damage downslope timber stands.
Range – forage can be damaged.
Cultural – loss of known and unknown sites.
Paleontological – loss of known and unknown sites.
Fish and Wildlife – loss or degradation of habitat.

The USFS 1983 Flood Damage Report for the forest states that 170 miles of stream channel, 40.7
miles of forest roads, 16 road stream crossings, 5.4 miles of forest trails, and 20 miles of range
fence sustained damage costing $9.3 million to repair the damages. Smaller events impact water
quality, road and trail infrastructure annually. The level of impacts vary from year to year. They
include impacts such as clogging irrigation systems, additional road and trail maintenance, and
sedimentation of fish habitat.

7.

Management Tools

The landslide risk map is a good model to follow when considering the suitability of areas for
conducting management activities, such as identifying areas on the forest suitable/not suitable for
timber harvest. It is a good management tool for planning on-the-ground improvements, such as
road and trail building and repair. The landslide risk map is also useful in other project planning
evaluations where landslide risk is a concern. For example, planning vegetation management and
road and facility location and design (UGS 2011). However, the landslide risk map is only as
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good as the data put into it. Therefore, it must be updated routinely in order for it to be used
effectively. For instance, if a wildfire burns part of the forest, that area could be subject to new
mass movement and landslide hazards. Consequently, the local risk assessment should be raised
from low to high.

8.

Stressor Accumulation

Stressors can act in concert to create a greater likelihood of landslides, e.g., fire scarred landscape +
heavy winter snow + quick spring warm-up accompanied by rain + susceptible geologic formation, etc. =
greater risk.

9.

Identify any Data Gaps

At present, the forest is in the process of acquiring the most recent data from the UGS in order to
generate an updated landslide risk map
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