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ABSTRACT

PRE-HISTORIC LANDSLIDES ON THE SOUTHEAST FLANK OF
THE UINTA MOUNTAINS, UTAH: CHARACTER AND CAUSES
OF SLOPE FAILURES

Todd D. Bradfield
Department of Geological Sciences
Master of Science

More than 100 landslides have been mapped along the southeast flank of the Uinta
Mountains. Large landslide deposits are up to 4.6 kilometers long and have an area of
approximately 5-9 km². Landslide types include multiple and successive rock slumps,
debris slumps and debris flows. Most landslides have a main head scarp in the Bishop
Conglomerate and the large landslides have many minor scarps. Multiple slump blocks
are manifest by repeated transverse ridges and trenches in the head area of some
landslides. Most body and toe areas are deeply incised by gully erosion (up to 91 meters
deep) and drainages are well developed with little ponding. Detailed mapping of the
large landslides shows that the deposits are an accumulation of successive slope failures
that have continually eroded the landscape over time. Many landslides in the area appear
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to be inactive and dormant but slopes may continue to fail particularly if landslides are
disturbed.
A Geographic Information System (GIS) was used to analyse slope failing factors and
the main factor that seems to have contributed to slope failure is the presence of abundant
shale-rich, weak bedrock capped with the thick and fairly resistant Bishop Conglomerate.
Slopes are further destabilized as water percolates down through the porous Bishop
Conglomerate. Eventually the water meets underlying shale-rich bedrock where it is
channelled near this contact until it emerges as springs. This groundwater flow likely
reduces shear strength of the shale-rich substrate and of some of the finer grained layers
in the Bishop Conglomerate. Other important slope failure factors include the removal of
easily erodable Mesozoic shales from beneath the more-resistant Bishop Conglomerate,
headward gully erosion, bedrock dip and slope aspect.
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INTRODUCTION
Numerous landslides have occurred on the south flank of the Uinta Mountains and
some of these deposits were mapped previously (Untermann and Untermann, 1968;
Osmund, 1969; Sprinkel, 2002; Haddox et al., 2005; Jensen et al., 2005; Kowallis and
Bradfield, 2005). A detailed study of these landslides has not been previously performed.
The goals of this study are to identify the type of landslides in the study area and to
investigate the causes of slope failure.
The study area is located near Vernal, Utah (Figure 1) and includes five 7.5'
quadrangles. The landslides that were more closely studied are located in the Ice Cave
Peak, Lake Mountain and Dry Fork Quadrangles. Even though most landslides in the
study area are pre-historic, the area is still susceptible to slope failure as evidenced by a
debris flow in 1997 that occurred in Dry Fork when unconsolidated glacial sediment was
inundated with water from a breached canal (Christenson, 1997). Historical and prehistoric landslide activity in the study area suggests the need to understand the causal
effects. This understanding may save property and lives as future development occurs.

GEOLOGIC DESCRIPTION OF THE STUDY AREA
The study area is located near the transition zone from the Uinta Mountains to the
Uinta Basin (Figure 1). The Uinta Mountains form a compound anticline (Hansen, 1986)
causing bedrock on the south flank to dip south and bedrock on the north flank to dip
north. Upper Paleozoic and Mesozoic formations consist of a sequence of interbedded
shales, sandstones and limestones (Figure 2). Many faults have been mapped in the area
and most of them have been classified as high angle normal faults with a strike-slip
component (Haddox, 2005; Haddox et al., 2005) (Figure 3).
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Figure 1. Highlighted quadrangles are from left to right Ice Cave Peak, Lake Mountain,
Dry Fork, Steinaker Reservoir and Donkey Flat (Kowallis and Bradfield, 2005). The
tectonic map was modified from Bradley (1995).

Following the Laramide Orogeny, a period of structural stability and erosion created
the Gilbert Peak erosion surface on the flanks of the Uinta Mountains (Bradley, 1936).
The Gilbert Peak erosion surface overlies bevelled bedrock and has 1.6 kilometers of
relief over a distance of 80-90 kilometers (Hansen, 1984). A renewed period of uplift
generated the sedimentary debris that was deposited on the Gilbert peak erosion surface
to form the Oligocene Bishop Conglomerate (Hansen, 1984).

At some later time,

probably in the Pleistocene, a coarse deposit of unconsolidated cobbles and boulders was
deposited over the Bishop Conglomerate.

2

Figure 2. Dry Fork Quadrangle stratigraphic column modified from Haddox (2005).

3

Figure 3. Mesozoic formations underlie most landslides. Landslides are commonly
mapped where faults intersect mountains that are capped with the Bishop Conglomerate.
Many springs discharge from the Bishop Conglomerate as well as from landslide
deposits.

METHODS
Landslides were mapped using a Geographic Information System (GIS) feature class
and a Digital Elevation Model (DEM) served as a base layer.

Previously mapped

landslides were obtained from various geologic maps (Untermann and Untermann, 1968;
Sprinkel, 2002; Haddox, 2005; Jensen, 2005) and were digitized by scanning a geologic
map and then geo-referencing it to match the DEM. Digital 7.5' USGS topographic maps
were also used to aid in geo-referencing. Several other landslides were added to the
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database from new mapping of the Lake Mountain Quadrangle as well as by mapping by
the author from field work in 2005-2006.
Once the landslide layer was complete, landslide factors were mapped digitally and
each factor added as a layer in the GIS database. Landslide factors are those conditions
that contribute to slope instability in the study area such as bedrock, faults and springs.
Mappable landslide factors were mostly obtained form previous geologic maps (Sprinkel,
2002; Haddox, 2005; Jensen, 2005). Spring locations were obtained from 7.5' U.S.G.S
topographic maps and some were documented by the author while doing field work. GIS
generated slope aspect and elevation maps were also created to evaluate slope failure
factors.
Detailed mapping of individual landslides was accomplished by mapping landslide
landforms on mylar laid over 1:24000 scale aerial photographs (Plate I). The base map
for detailed landslide mapping ia a GIS generated relief map. Because of small georeferencing errors, some of the mapped landslide landforms were manually adjusted so as
to be placed properly on the digital base map.

The accuracy of aerial photograph

mapping was verified while doing geologic fieldwork in 2005-2006; however, not all of
the mapped landslides were visited.

Emphasis was placed on the larger landslides

because they have the largest and usually the best preserved landforms.

DISCUSSION OF LANDSLIDES
Landslide Terminology
The term “landslide” is used interchangeably with any gravity driven “mass
movement”. “Landslide” does not indicate a specific slope failing process or a specific
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type of slope movement but may be used generally to describe a slope failure such as
flow, slump, translational slide, lateral spread etc.
This study employed a slope movement classification following Varnes (1978),
according to the type of material being displaced and by the type of movement (Table 1).
For example the prefix ‘rock’ in rock-slump identifies the type of displaced material.
Material falls into one of three categories such as bedrock (rock), predominantly coarse
unconsolidated material (debris) and predominantly fine material (earth).

Type of
Material
Type of Movement
Falls
Landslides

Debris Topple
Debris Slump
Debris Slide

Earth Topple
Earth Slump
Earth Slide

Lateral Spreads

Rock Fall
Rock
Topple
Rock Slump
Rock Slide
Rock
Spread

Debris Spread

Earth Spread

Flows

Rock Flow

Debris Flow

Topples
Slides

or

Mass
Movements

Bedrock

Engineering Soils
Predominantly Predominantly
Coarse
Fine
Debris Fall
Earth Fall

Complex

Rotational
Translational

Earth Flow
(soil creep)
A combination of two or more principal types of movement.

Table 1. Abbreviated slope movement classification modified from Varnes (1978).

Varnes listed six major modes of movement; falls, topples, slides, lateral spreads,
flows and complex. Slides are subdivided into two categories, rotational (slump) and
translational (slide). The suffix ‘slump’ in rock-slump identifies the mode of movement.
Complex slope failures are those that experienced more than one major mode of
movement. For example a slump becomes a complex movement when the toe of the
slump disrupts into a flow. An idealized rock-slump debris-flow is shown in Figure 4.
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Figure 4. Idealized rock slump – earth flow modified from Highland (2004). The upper
blocks are a rock slump and the foot and lobate toe are the flow.
Active slopes are defined as those that have moved in the last cycle of seasons (fallwinter-spring-summer) but inactive slopes have not. Inactive slopes are either dormant
or stable. Dormant slopes may experience renewed movement and stable slopes have had
the causes of failure removed.
Multiple landslides have two or more slip blocks, each with a slip plane that converges
to a common, deep seated surface of rupture (Varnes, 1978). As many landslides in the
study area are successive or have experienced multiple episodes of movement an order of
movement (Murray, 1984) will be used. First order (1°) deposits are those that formed by
first-motion or are the oldest deposit. Second order (2°) deposits formed by successive
slope failure some time after first order motion. All orders of slope failure higher than
the first order (2°, 3°, etc.) are collectively referred to as high order deposits.

7

Landslide Description
The exposed surfaces of mass movements in the study area are composed mostly of
unconsolidated, subrounded, purple and pale Uinta Mountain Group quartzite gravel,
cobbles and boulders (Figure 5). The source for most of these Uinta Mountain group
quartzite clasts is the unconsolidated, Pleistocene coarse clastic material that sits atop the
Bishop Conglomerate, however, some clasts also come from eroded and weathered
Bishop Conglomerate.
Slump landforms include scarps and benches as seen on the Dry Fork Mountain June
Spring landslide (Figures 6, 7).

Benches are located below scarps and formed as

slumping lowered material down and away from upper slopes. Arcuate scarps and planar
benches occur in pairs and form a staircase-like cross sectional profile. Scarps are
relatively steep and consist of unconsolidated quartzite gravel while benches are
relatively flat and consist of fine sediments.
The most remarkable landform on the landslides in the study area are multiple,
transverse ridges (Figures 8, 9). Transverse ridges formed as multiple slump blocks
moved material down and away from upper slopes and rotated slightly backward.
Remnant ridge traces are as long as 0.8 kilometers on the Little Mountain east landslide
and most ridges are slightly arcuate. Transverse ridges are blanketed with unconsolidated
quartzite gravels and most but not all ridges lack bedrock outcrops.
Transverse ridges are separated by transverse trenches that are partially filled with fine
sediments, typically silt or clayey silt.

Transverse trenches are the topographic

manifestation of the slumps’ surface of rupture or shear plane (Figure 4). Relief from
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transverse ridge crest to transverse trench is as great as 61 meters on the Little Mountain
east successive slump.

Figure 5. Upper photograph of the Dry Fork Mountain June Spring successive slump
shows unconsolidated quartzite gravel, cobbles and boulders -- the major constituent of
landslides in the area. The middle photograph shows quartzite boulders sourced from the
unconsolidated Pleistocene unit and a garden hoe for scale. Lower photograph shows a
Bishop Conglomerate boulder that is approximately 1 meter tall.
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Scarps

Benches

Figure 6. Dry Fork Mountain June Spring successive slump. Arcuate scarps separated
by relatively flat benches.
Successive Slope Failure
Detailed mapping of landslide landforms (Figure 8) shows that there have been
multiple slope failures. In Figure 8 the upper slopes of the deposit are characterized by
older transverse ridges and trenches that formed by slumping. The lower slopes, located
below the sinuous break in slope, are eroded and consist of unconsolidated quartzite
gravel. Multiple periods of slumping can be seen on both the west and east side of the
upper older slope. Upper ridges are truncated by a high order slump on the east side and
three high order slumps encroach on the west side of the upper slope.

SLOPE FAILURE FACTORS
Slope failure factors are those conditions, geologic or otherwise that contribute to
slope instability and ultimately to slope failure. This section details factors that were
investigated for slope failure in the study area. No claim is made that this slope failure
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factor list is absolute and the data suggests that some factors may be more important than
others.

Same scarps and
benches as shown in
Figure 6.

Figure 7. Dry Fork Mountain June Spring successive slump. Multiple arcuate, bouldery
scarps and fine grained benches are located on upper slopes. Dashed lines are
approximate.
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Transverse
Ridges

Figure 8. GIS generated relief map of the Mosby Mountain south successive slump.
Dark shading shows high relief and light shading shows low relief. Slump blocks are
located on the upper slope recognized by the transverse ridges separated by partially
filled trenches. Transverse ridge crests are dashed. A break in slope separates the upper
slope from the lower slope and is marked with a sinuous line and tic marks that resembles
a scarp. The lower slopes have been severely eroded partly by higher order debris
slumping.

Upper Paleozoic and Mesozoic Formations
Local bedrock is composed of approximately 70% shale-mudstone and 30% sandstonecarbonate (Table 2). The abundance of weak, impervious shale is an important slope
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stability factor especially when interbedded with pervious units. According to Rib and
Liang (1978), “Shales are especially susceptible (to landslides) when inter-bedded with

Figure 9. Cross section from A to A' from figure 8. The upper slump features are
multiple slump blocks each separated by transverse ridges and transverse trenches.
Table 2. Approximate thicknesses of impervious and pervious units in local bedrock.
Thicknesses are based on estimates taken from a Dry Fork stratigraphic column by
Haddox (2005).
Formation Name
Mancos Shale
Frontier Sandstone
Mowry Shale
Dakota Sandstone
Cedar Mountain Formation
Morrison Formation
Stump Formation
Entrada Sandstone
Carmel Formation
Glen Canyon Formation
Chinle Formation
Moenkopi Formation
Dinwoody Formation
Park City FormationPermian
Weber Sandstone-Permian
Total thicknesses

Pervious
units (m)

21
17
33
51
44
40
317
31
41
11

Impervious
units (m)
1424
24
36
21
50
164
31
21
27
28
63
298
22

40
297

10
89

1001

2308

58
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pervious sandstones or limestones or other pervious rock types”. As pervious formations
become water saturated there is an increase of weight on strata and pore pressure
increases. The resulting increase in stress applied to substrate shales gives rise to slope
failure.
Underlying bedrock coincident with mapped slope failures includes much of the weak
Mesozoic units (Table 3), however, the more resistant Upper Glenn Canyon Sandstone
underlies some landslides such as the upper Alcorn Hollow site.

This landslide is

actually a debris flow sourced from the upper Bishop and capping Pleistocene unit and no
slumps have been mapped there. A few small mass movement deposits have been
mapped overlying the Glenn Canyon sandstone in the Steinaker Reservoir and Donkey
Flat Quadrangles but the map authors indicated that the major failing units in those
quadrangles are not the Upper Glenn Canyon sandstone but are the Chinle Formation and
the Mowry Shale (Haddox, 2005; Jensen, 2005).

Figure 3 shows a generalized

stratigraphic map and figure 9 shows bedrock geometry.
Table 3. Substrate bedrock at landslide sites

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Slope Failure Name
Lees Hollow
Mosby Mountain South
Burton Reservoir east
Little Mountain west
Little Mountain east
Little Mountain northeast
Dry Fork Mountain
Cove Spring
Alcorn Hollow debris flow
Indian Spring
Sprouse Spring
Beeler Spring slump
Weasel Point north
Weasel Point south

Substrate Bedrock
Chinle - Cedar Mountain
Mancos - Morrison
Cedar Mountain - Morrison
Mancos - Morrison
Mancos - Morrison
Morrison
Dinwoody
Moenkopi
Glenn Canyon
Glenn Canyon - Chinle
Chinle
Bishop Conglomerate
Moenkopi - Chinle
Moenkopi - Park City, Chinle
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Bishop Conglomerate, Erosion and Water
All of the large slope failures in the study area are either adjacent to or down-slope
from the Bishop Conglomerate (Figure 3). The Bishop Conglomerate generally consists
of a lower section composed mostly of moderately well-cemented, boulder to cobble
conglomerate.

The upper section is richer in friable, pebbly sandstone, tuffaceous

sandstone, and tuff (Hansen, 1984; Kowallis and Bradfield, 2005; Kowallis et al., 2005).
The lower resistant conglomerates form steeper slopes above a substrate of weaker, nonresistant bedrock which forms gentler slopes. Where landslides are being dissected by
gully erosion, detritus from the Bishop Conglomerate overlies and armors softer bedrock
on ridges between washes. As substrate formations erode away, the basal support for the
Bishop Conglomerate is removed decreasing slope stability. The differential resistance to
erosion of the Bishop Conglomerate and substrate formations is especially important
when considering that the Bishop Conglomerate is as thick as 182 meters. The enormous
weight of the more rigid Bishop Conglomerate applies a great amount of stress on weak
substrate shales, causing them to fail. The Geyser Peak Quadrangle in Wayne and Sevier
counties Utah, is another area where more resistant bedrock, in this case Tertiary
volcanics, overlies weaker, folded Mesozoic bedrock (Nelson, 1989) and large landslides
as great as 27.2 km² are documented there.
A study on the north flank of the Uinta Mountains attributed slope failure to
precipitation and rock moisture content (Murray, 1984). Water from precipitation easily
infiltrates local mountain tops because they are mesa-like with broad, flat tops capped
with a few meters of unconsolidated gravel above the Bishop Conglomerate. Water seeps
down through the permeable Bishop Conglomerate until it meets impermeable Mesozoic
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shale. Water then flows laterally and emerges as springs near the basal contact of the
Bishop Conglomerate. Some groundwater also flows into adjacent landslide debris (the
upper parts of which are also composed of gravel and slumped Bishop Conglomerate)
before emerging as springs (Figure 3).

The weight of the permeable Bishop

Conglomerate increases as it absorbs more water. This increase of weight increases
stress on weak, substrate formations. Groundwater infiltration increases pore pressure in
bedrock causing bedrock particles to become more buoyant reducing bedrock shear
strength. Slopes in the study area should be more susceptible to failure during periods of
high precipitation or when rapid or abundant snow melt provides an influx of water.
A GIS generated elevation map (Figure 10) shows that the head and upper body of
most mass movements occur either in the green zone (2415-2627 meters) or are near to
this zone. This is not surprising because the contact between the green zone and the light
green zone (2627 meters) is similar to the elevation of the basal Bishop Conglomerate
(Table 4). This data supports the argument that the Bishop Conglomerate is a slope
failure factor.
Headward Gully Erosion
The Mosby Mountain south successive slump (Figure 8) has preserved transverse
ridges located on the upper slopes of the deposit but much of the lower slopes are more
eroded. A distinctive break in slope separates the upper, older landforms from the lower
eroded slopes.
The west side of the Mosby Mountain south slump has three high order slumps. It
seems that at least two of these slumps were partly caused by headward gully erosion.
The gullies eroded headward into the upper slope, removing lateral support as does a road
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cut in a hill side. Eventually, the weight of overburden was too great for the remaining
support and the slope failed, moving upper slope material down and into pre-existing
gullies. As gully erosion continues to remove material from these high order slumps it is
expected that slumping will encroach further into the upper slope.

Figure 10. Elevation map with seven elevation zones.

Table 4. Approximate elevation of the basal Bishop Conglomerate
Site

Approximate Basal Elevation
meters

Dry Fork Mountain
Lake Mountain
Mosby Mountain, east side
Little Mountain

2590
2590
2682
2377
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feet
8500
8500
8800
7800

Faults
Figure 3 shows that slopes have failed mostly where swarms of faults intersect
mountains. Many of these faults were mapped as high angle normal faults (Untermann
and Untermann, 1968) and as oblique-slip faults-a combination of normal and right
lateral strike-slip motion (Haddox, 2005; Haddox et al., 2005).

Faulting decreases

bedrock integrity, can increase topographic relief and fracture bedrock.

Faults and

fractures create preferential corridors for fluid flow and allow water to permeate through
a greater extent of bedrock. The abundance of faulting in the area in connection with
water and associated bedrock weathering has weakened the formations causing them to
be more susceptible to slope failure.
Bedrock Dip and Slope Aspect
This section evaluates bedrock dip direction and slope aspect as slope failure factors
by comparing them to landslide displacement direction.

Bedrock in the study area

generally dips south (Figure 11) between 10 and 30 degrees, however, it is as much as 70
degrees at the mouth of Whiterocks Canyon. Bedrock dip direction is coincident with
some landslide displacements such as the Mosby Mountain south slump and the Dry Fork
Mountain mass movements, however, there are landslides whose displacement direction
is different from the bedrock dip direction.
Slope aspect is simply the direction that a slope faces. A GIS generated slope aspect
map (Figure 12) provided data to evaluate slope aspect. Slope aspect, bedrock dip and
landslide displacement direction data were tabulated for several landslide sites (Table 5).
A general direction was entered for each category (slope aspect, landslide displacement
direction, bedrock dip direction) for each site evaluated. The change in degrees, based on
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general directions, between adjacent categories was calculated (Table 5) as was the total
change in degrees between adjacent categories.
According to Table 5 the total difference between aspect and displacement is 720º, the
total difference between displacement and dip is 1395° and the difference between dip
and aspect is 1575º. The data suggest that slope aspect and landslide displacement are
more inherently connected than are the other categories because the change in degrees is
less. Perhaps slope aspect could be used as a single factor, weighted more than bedrock
dip, for a landslide hazard map.

Figure 11. Black arrows show the direction that slopes displaced. Bedrock dip direction
is shown with the inclined bedrock symbols. Bedrock dip direction has a dominant south
component.
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Figure 12. Color coded triangles and prisms show general slope aspects and arrows
show landslide displacement direction.
Table 6 shows the data from table 5 converted to percentages for each category and for
each direction. The data shows that landslide displacement strongly favors a south
component as does slope aspect but to a lesser degree, however, this does not indicate
that other slope aspects are not susceptible to slope failure. Falls and topples likely do
occur on slopes that have a north aspect component where slopes are typically steeper.
It is intuitive that bedrock dip contributes to the gravitational potential of slope failures
and that when geologic materials become weak through weathering or other means the
materials are likely to displace down dip. Bedrock weaknesses such as unconformities
are more likely to fail when the bedrock is inclined rather than horizontal. Bedrock dip is
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a slope failure factor but the data shows that slope aspect is a strong landslide
displacement indicator.
Table 5. Slope aspect, landslide displacement direction and bedrock dip direction are
compared. The difference in degrees between adjacent categories is calculated and
summed at the bottom of the table. Some sites have multiple aspects and/or multiple
landslide displacements. Where there is no difference in directions a zero is entered.
Slope

Landslide

Slope Failure Name

Aspect

1

Lees Hollow

west

Δdeg.

west

45

2

Mosby Mountain South

southeast

90

south

Dip
Δdeg.

Direction

Δdeg.

135

southeast

135

west

southwest

90

southeast

135

west

southwest

0

southwest

90

southeast

45

southeast

90

southwest

45

south

0

southwest

Displacement

Slope

west

Aspect

0

southwest

0

southwest

0

3

Burton Reservoir east

east

45

southeast

90

southwest

135

east

4

Little Mountain west

west

45

southwest

0

southwest

45

west

west

45

northwest

90

southwest

45

west

east

0

east

135

southwest

135

east

southeast

0

southeast

135

southwest

90

southeast

135

southwest

5
6

Little Mountain east
Little Mountain
northeast

north

135

7

Dry Fork Mountain

south

0

southeast

90

8

Cove Spring

southeast

0

9

southwest

southeast

135

north

0

south

0

south

southwest

45

south

45

southeast

southeast

45

south

45

southeast

south

Upper Alcorn Hollow

southeast

0

southeast

0

southeast

0

southeast

10

Indian Spring

south

0

south

0

south

0

south

11

Sprouse Spring

west

45

southwest

45

south

90

west

12

Beeler Spring slump

west

0

west

90

south

90

west

southwest

45

west

90

south

45

southwest

13

Weasel Point north

east

45

southeast

45

south

90

east

14

Weasel Point south

east

southeast

0

southeast

45

south

45

southeast

45

southeast

45

south

90

east

0

southeast

45

south

45

southeast

southeast
Maximum Total Variance in Degrees

720

1395

1575

Table 6. Data from table 5 is converted to percentages. Each column shows the percent
of sites that have the indicated direction. The values in the far right column are totals
summed from three columns; southeast, south and southwest.
Slope Aspect
Displacement
Direction
Bedrock Dip
Direction

N

NE

E

SE

S

4

SW

W

NW

0

17

30

13

9

26

0

0

0

4

43

9

26

13

4

0

0

0

13

48

39

0

0

21

52 % south
component
78% south
component
100% south
component

LANDSLIDE AGE
Most of the landslides in the study area lack signs of activity and are pre-historic. The
large landslides certainly postdate the unconsolidated coarse clastic deposit, probably
Pleistocene in age, that overlies the Bishop Conglomerate because clasts from this unit sit
atop some head transverse ridges. Evidence for the antiquity of these landslides includes
deep gully erosion, subdued slump ridges, partially filled trenches, scarps covered with
vegetation and colluvium, well developed drainages and only minor ponding. However,
classifying these large landslides as pre-historic can be misleading because there are
historic slope failures in and near the study area. Two examples of historic and recent
debris flows are given.
The Little Mountain west successive slump has a trench (Figure 13, 14) located on the
main scarp. The trench is 1.5-4.5 meters deep and 488 meters long. The trench is
overgrown with grasses and sagebrush. The trench appears to be an old, sediment-filled
slump crown crack.
There are four sinkholes located within the trench (Figure 13). The sinkholes appear
to be either active or at least to be very young because vegetation and shallow soil are
collapsing into them. The deepest sinkhole is approximately 6 meters deep and 4.5
meters in diameter.
Sinkholes are typically evidence of karst formation involving limestone, but these four
sinkholes seem to be associated with slump activity due to their location within what
appears to be an old slump crack. The slipping of a slump block down and away from
Little Mountain would create accommodation space in the subsurface.
sinkholes may be evidence for movement in the subsurface along a slip plane.
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The active

Young Crack

Figure 13. Little Mountain west landslide. Old, main scarp is hachured. Ridges are
polygons that were mapped using aerial photographs. Arcuate slump ridges interspersed
with trenches are located beneath the blue arrow. Arrows show the direction of slump
displacement. Sink holes are red circles located on the main scarp.
There are two other sinkholes that seem to be associated with the formation of a young
crack (Figure 13, 14) which seems to be a slump feature. The two sinkholes are located
upslope from the young crack and are aligned with it. Here it seems that the young crack
may be propagating upslope. If the crack does propagate upslope it is positioned to
intersect the two sinkholes and may ultimately converge into the old, 488 meter long
trench.
The trench and sinkholes are visible on aerial photographs taken in 1978 so the
features are at least 28 years old.

Considering the size of the pre-historic mass
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movements in this area, and the potential for this site to form slump blocks with 61
meters of vertical relief, it would be wise to monitor this site.
Old trench

Young crack

Young
rock slump

Younger
scarp

Figure 14. Little Mountain west main slump escarpment. A younger rock-slump has
formed on the older, main scarp. Younger scarp is partially re-vegetated. The younger
slump body is positioned in the limestone-clast-rich Bishop Conglomerate and has
approximately 5 meters of vertical displacement. The small rock-slump displays a small
transverse ridge characteristic of other slumps in the study area. Cracks are partially
snow-filled in the picture.

LANDSLIDE AREA AND RELIEF ANALYSES
This section briefly discusses landslide geometric indices such as area and relief as
well as relief of local highs and local lows in the study area. The landslide deposits
studied have an area that ranges from .09 km² to 9.65 km² and have head to toe relief that
ranges from 110 meters to 585 meters (Table 7).
Landslide area increases as head to toe relief increases as would be expected (Figure
15). As landslide area increases logarithmically head to toe relief flattens out as if it is
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approaching a maximum value. This pattern occurs because the landslides in the study
area have their main head scarp in the Bishop Conglomerate which is the consolidated
mountain top capping unit and thus limits landslide relief.
Table 7. Landslide area is given in square kilometers and landslide head to toe relief is
given in feet and meters. A local high is a site with the highest elevation located upslope
from the landslide crown. A local low is a site located down slope from the landslide
such as a stream or valley to which the entire slope may be destined to grade to.
Landslide
Lees Hollow
Mosby Mountain
South
Burton Reservoir east
Little Mountain west
Little Mountain east
Little Mountain
northeast
Dry Fork Mountain
Cove Spring
Alcorn Hollow debris
flow
Indian Spring
Sprouse Spring
Beeler Spring slump
Weasel Point north
Weasel Point south

Area
(km²)
0.76

Head to Toe
Relief
(ft)
(m)
840
256

Local High-Local Low
Relief
(ft)
(m)
2440
744

7.74
0.33
5.29
9.65

1720
360
1160
1520

524
110
354
463

2719
622
2020
2620

829
190
616
799

2.69
7.7
0.27

1480
1920
480

451
585
146

2420
2520
1500

738
768
457

0.82
0.74
0.22
0.09
1.63
1.09

960
720
680
400
1240
680

293
219
207
122
378
207

1900
1900
1340
1100
1800
1390

579
579
408
335
549
424

Figure 16 shows a pattern that is similar to Figure 15 but the data points are more
scattered. Landslide area tends to be low when local mountain or hill relief is low,
however landslide area is less constrained when the area ranges between 1 km² and 5
km². Figure 17 shows clearly, also as would be expected, that landslides with greater
head to toe relief occur on slopes with greater relief.

CONCLUSIONS
Landslides on the south east flank of the Uinta Mountains are rock-slumps, multiple
rock-slumps, successive slumps, debris-slumps and debris-flows. Head transverse ridges,
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trenches, scarps and benches are all important geometric indicators of landslides in the
study area because there are few bedrock exposures, in the landslide head areas, with
which to measure bedrock attitude. Blocks of Bishop Conglomerate have slumped down
carrying with it a covering of unconsolidated Pleistocene quartzite clasts.
landslides can be expected where there is greater local relief.

Landslide Head to Toe Relief (m)

700
600
500
400
300
y = 94.664Ln(x) + 291.56
200
100
0
0

2

4

6

8

10

12

Landslide Area (km^2)

Figure 15. Graph of landslide relief and landslide area
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Figure 16. Graph of local relief and landslide area
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Figure 17. Graph of landslide relief and local relief
Detailed mapping of individual landslides provided important information about the
evolution of these landslides. It is through detailed landslide mapping that multiple slope
failing episodes have been recognized. The analyses of detailed landslide mapping in
connection with existing gullies also provided evidence that gully erosion is a factor in
inciting slope failure.
According to this study it seems that the most important slope failure factor is the
abundance of weak Mesozoic and upper Paleozoic bedrock. This is especially important
when considering that the thick, fairly resistant, permeable Bishop Conglomerate (180
meter thick) overlies weak, inclined, less resistant bedrock in much of the study area.
Slopes are made less stable as weak bedrock erodes away from the base of the Bishop
Conglomerate.
Slope stability is further diminished by the influx of water. The local mountain tops
are flat, broad features that provide favourable geometry for water infiltration. Water is
easily absorbed into the overlying unconsolidated Pleistocene gravel deposit and
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percolates down through the Bishop Conglomerate until it meets an impermeable barrier
possibly substrate shale. Groundwater then flows preferentially near this contact and into
adjacent landslide deposits where it emerges as springs. The strength of the underlying
bedrock and Bishop Conglomerate is reduced when precipitation is great and
groundwater flows through the formations.

An increase in ground water flow will

increase pore pressure causing the grains to be more buoyant as well as increase stress by
the weight of the water influx.
Bedrock dip is a destabilizing slope factor but slope aspect may be a more important
factor in predicting slope failures. The data in table 5 shows that slope aspect and
landslide displacement direction are more synchronous than are bedrock dip direction and
landslide displacement direction. Bedrock dip, slope aspect, drainage incision, headward
gully erosion and landslides are all conditions or processes that sculpt the local landscape
in varying degrees.
Will slopes continue to fail in this area? Undoubtedly there will be minor debris flows
as there have been historically. There was a debris flow in the summer of 2005 in which
mud and debris from a fire-scorched slope flooded a road in Dry Fork canyon.

The

study shows that successive slope failure is characteristic of the large landslides in the
area and that these deposits will experience minor, successive slumping as gully erosion
continues. Will large, multiple slump blocks continue to form? Was an earthquake
responsible for creating multiple slump blocks that are tens of meters high and nearly 1
kilometer across? If these landslides formed during tectonic quiescence and are caused
by bedrock weakness, water and gully erosion, then the sites that are currently most
vulnerable to slope failure are the sites where drainages have removed material from the
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base of the Bishop Conglomerate and where gullies have incised deeply into landslide
debris. In other words, the sites where gully erosion has reached far enough up slope that
the drainage contacts the Bishop Conglomerate are among the most vulnerable sites.
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Landslide-Relief Map of the Deep Creek Fault Zone on the Southeast Flank of the Uinta Mountains, Utah
by Todd D. Bradfield
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