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LANDSLIDE PROCESSES IN UTAH—OBSERVATION AND THEORY

Landslides and Debris Flows in
Ephraim Canyon, Central Utah

By Rex L. Baum' and Robert W. Fleming'

Abstract

Landslides and debris flows occurred in bedrock and
surficial deposits of Ephraim Canyon, on the west side of the
Wasatch Plateau, in central Utah, during the spring of 1983.
The canyon walls consist of westward-dipping beds of shals,
sandstone, and limestone of the North Horn Formation and
the Flagstaff Limestone. Steeply dipping, north-trending,
normal faults separate the rocks of the canyon walls into
blocks from 0.2 to 0.5 kilometers wide. Landslide and other
slope deposits mantle the bedrock in 70-80 percent of the
study area.

Landslides, including rockslides, affected about 166
hectares, or about 4.7 percent of the study area. Rockslides
constituted about 20 percent of this amount. Landslides in
unconsolidated materials, mainly pre-1983 landslide and
other slope deposits, made up the remaining 80 percent of
the area involved.

Rockslides occurred on barren, south-facing slopes.
Nearly all of these slides involved fractured bedrock in and
adjacent to fault zones. Rockslides had steep head scarps
exposing faulted bedrock. Blocks of limestone covered the
upper parnts of most rockslides; fine-grained material is
abundant in the lower parts of the slides.

Landslides in surficial deposits differed from each other
in size, shape, and thickness, but were similar in structure.
Landslide areas ranged from 0.1 to 28 hectares, and shapes
were long and narrow, short and wide, equidimensional, or
irregular; the slides occurred on slopes of between 11° and
30° and were as much as 25 meters thick. Transverse cracks
and head scarps, most from 1 to 3 meters high, defined the
proximal boundaries of the landslides. Long, straight, strike-
slip faults; zones of en echelon cracks; and longitudinal
ridges defined the lateral boundaries. Steep toes, from 1 to
10 meters high, defined the distal boundaries. Cracks,

Manuscript approved for publication November 30, 1988.

lys. Geological Survey, Box 25046, MS 966, Denver, CO
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transverse normal faults, and transverse grabens formed on
the surfaces of the landslides.

Debris flows affected about 26 hectares (1 hectare
equals 2.47 acres), or about 0.8 percent of the study area.
The flows were mobilized from layers of regolith 0.5-1.0
meter thick on steep (25-34°) south- and west-facing
slopes. The deposits and scars were 60-600 meters long,
and 10-50 meters wids, and the deposits were typically less
than 3 meters thick.

INTRODUCTION

Landslides, debris flows, and floods ravaged parts
of central Utah during 1983 and 1984 (Anderson and
others, 1984). The Thistle landslide (1983) dammed
Spanish Fork Canyon, and the resulting lake flooded the
town of Thistle (fig. C1) and threatened communities
downstream. Construction of outlet works and relocation
of a highway and a railway at Thistle were costly (Duncan
and others, 1986, p. 1). Two people were killed and
houses were destroyed by debris flows at the town of
Clear Creek, Utah, in May 1984. Facilities of the U.S.
Forest Service were destroyed and roads, aqueducts, and
power lines serving towns in the Sanpete Valley were
damaged by landslides and debris flows in canyons on the
west side of the Wasatch Plateau.

This chapter focuses on landslides, including rock-
slides, and debris flows that occurred in Ephraim
Canyon, on the west side of the Wasatch Plateau, in
central Utah, during 1983-1986 (fig. C1). The landslides
and debris flows are studied in relation to the geology of
Ephraim Canyon, which is similar to the geology of other
canyons on the west side of the plateau. This chapter also
contains background information relevant to detailed
investigations of the Aspen Grove landslide in Ephraim
Canyon.

Relations between landslides and debris flows that
occurred from 1983 to 1986 and the bedrock and surficial
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1984 had stopped by 1985. However, sliding and debris-
flow movement started on about April 15, 1986 and
continued for several days. Material slid down the dip
slope, gradually being remolded until it began flowing,
and then cascaded over steep slopes toward Ephraim
Creek. In the bottom of the canyon, the flow moved a few
meters per hour (Roger Johnson, oral commun., 1986).
The flow partially dammed and diverted the creek, and
covered an intake structure for a power plant at the
mouth of Ephraim Canyon.

The Cottonwood Spring debris flow differed from
typical debris flows in Ephraim Canyon in that it
developed slowly for one or two years before it failed
abruptly in 1986. It moved more slowly than other debris
flows, was active for several days, and was mobilized from
a layer of weathered bedrock several meters thick rather
than from colluvium,

DISCUSSION AND CONCLUSION

Much of Ephraim Canyon is covered by pre-1983
landslide debris, including parts of areas labeled slope
deposits (Qc) on the map. Many of the pre-1983
landslide masses are much larger than the landslides of
1983-86. The abundance of large landslide deposits in
the area, that did not slide in 1983, indicates that the 1983
event is not unique and may have been overshadowed by
past events,

About 80 percent of the area involved in recent
landslides was underlain by old landslide deposits and
slope deposits, 57 percent in pre-1983 landslide deposits
plus 23 percent in slope deposits. The colluvium and
pre-1983 landslide deposits are derived from similar
parent materials, have similar textures, and together
cover perhaps 70 to 80 percent of Ephraim Canyon.
Because the deposits are so widespread, we cannot reach
any conclusions about the stability of these deposits
compared to bedrock and residuum.

Nearly all rockslides during 1983-84 occurred
where fault zones intersect barren, south-facing slopes in
New Canyon and Cottonwood Canyon. Rockslides
constituted about 20 percent of the area of recent
landslides.

Ten or eleven rockslides that occurred on the
south-facing slopes of Cottonwood Canyon and New
Canyon constitute the majority of first-time failures. A
few small landslides and debris flows that resulted from
failure of loose, weathered bedrock on the south-facing
slopes of the canyon occupied by Cottonwood Creek and
New Canyon constitute the remainder of the first-time
failures.?

%First-time failures are indicated on the map (pl. C1).

The locations of only some of the first-time failures
might have been predicted. It was noted that rockslides
occurred in fault zones on south-facing slopes.

The debris flow of 1986, at Cottonwood Spring,
was less predictable than the rockslides. During 1984 or
1985, a few cracks were noticed on the dip slope where
the flow originated, but the cracks did not obviously
outline a landslide. Many other landslides had dried out
and stopped moving in 1983 or 1984. The snowfall during
1985 and 1986 was less than in 1983 and 1984, and the
cracks were on a south-facing slope. South-facing slopes
in the area are dry, especially compared to north-facing
slopes. Although we were initially surprised when the
material on the dip slope failed and started flowing
during the spring thaw in April 1986, in retrospect, the
developing cracks warned of impending failure.

Our significant findings can be summarized as
follows. Landslide and debris-flow deposits cover at least
60 percent of the study area, and many of the pre-1983
landslides were much larger than any of the landslides
that occurred from 1983 to 1986. Fractured bedrock
occurring in fault zones of Ephraim Canyon is likely to fail
and form rockslides. Some materials in the study area fail
progressively, but cracks may form at the surface as much
as two years before catastrophic failure occurs.

REFERENCES CITED

Anderson, L.R., Keaton, J.R,, Saarinen, T .F., and Wells, W.G,,
IT, 1984, The Utah landslides, debris flows, and floods of
May and June 1983: National Research Council,
National Academy Press, Washington, D.C., 96 p.

Bonar, C.M., 1948, Geology of Ephraim area, Utah: Columbus,
Ohio, Ohio State University M.S. thesis, 124 p.

Duncan, J.M,, Fleming, R.W,; and Patton, F.D., 1986, Report
of the Thistle Slide Committee to State of Utah
Department of Natural Resources Division of Water
Rights: U.S. Geological Survey Open-File Report
86-505, 95 p.

Fleming, R.W., Johnson, R.B., and Schuster, R.L., in press, The
reactivation of the Manti landslide, Utah, in Fleming and
others, The Manti, Utah, Landslide: U.S. Geological
Survey Professional Paper 1311.

LaRocque, A. 1960, Molluscan faunas of the Flagstaff
Formation of central Utah: Geological Society of Amer-
ica Memoir 78, 100 p.

Spieker, E.M., 1946, Late Mesozoic and early Cenozoic history
of central Utah: U.S. Geological Survey Professional
Paper 205D, p. 117-161.

Spieker, E.M., 1949, The transition between the Colorado
plateaus and the Great Basin in central Utah: Utah
Geological Society Guidebook 4, 106 p.

Stanley, K.O., and Collinson, J.W., 1979, Depositional history of
Paleocene-lower Eocene Flagstaff Limestone and coeval
rocks, central Utah: American Association of Petroleum
Geologists Bulletin, v. 63, no. 3, p. 311-323.

Ephraim Canyon, Central Utah C11



Witkind, LJ.,, Weiss, M.P., and Brown, T.L., 1987, Geologic Zawiskie, J., Chapman, D., and Alley, R., 1982, Depositional

map of the Manti 30’ X 60’ quadrangle, Carbon, Emery, history of the Paleocene-Eocene Colton Formation,
Juab, Sanpete, and Sevier Counties, Utah: U.S. north-central Utah, in Nielson, D.L., ed., Overthrust Belt
Geological Survey Miscellaneous Investigations Map I- of Utah: Utah Geological Association Publication 10, p.
1631, scale 1:100,000. 273-284.

Ci12 Landslide Processes in Utah

¥ U.S. GOVERNMENT PRINTING OFFICE: 1989—673-047/86,086 REGION NC



