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ABSTRACT

A variety of mass-movement processes interact to form
complex mass-movement terrains in the western Cascade
Range in Oregon, Slow, deep-seated (>5 m depth) processes
of creep, slump, and carthflow operate simultaneously and
sequentially, resulting in unstable conditions that may initiate
rapid, shallow (<5 m) soil mass movements on hillslopes and
debris torrents in stream channets, This combination of mass-
movement processes supplies large volumes of sediment to
streams and determines the geometry of the channel and
valley floor.

Creep movenient in western Oregon has been monitored
at rates as high as 15 mm/yr. Relative movement between
discrete blocks in the Lookout Creek carthflow ranges up to
nearly 10 times as fast, Movement rate accelerates during
periods of high moisture availability.

Geomorphic observations and tree-ring analysis indicate
that mass-movement terrains may have histories spanning
centuries and possibly mjllennia.

INTRODUCTION

Much of the literature on mass movement of soil and rock
materials has focused on catastrophic landslide events. In
many areas, the subtle, slow mass-movement processes of
creep, slump, and carthflow may account for more erosion
in the long term.

In the steep forest lands of the western Cascade Range in
Oregon, areas of creep and carthflow activity form complex
mass-movement terrains that pose important land-manageraent

problems, Road construction and timber harvest adversely
influence slope stability and increase mass-movement activity,
which in turn influence the stability of roads and the quality
and quantity of timber produced from unstable lands, Impacts
of creep and carthflow activity are most dramatic in the
mountain-stream environment where earth movement shapes
or displaces the stream channel and delivers large quantilies
of sediment and large organic debris.

These considerations have led to the examination of the
processes, histories, movement patterns, and stream impacts
of several complex mass-movement terrains in the Pacific
Northwest,

Mass-movement terrains involve a great variety of processes
that transport carth materials downslope by gravity. In the
western Cascade Range, mass-movement phenomena need to
be considered as an entire geomorphic continuum, as they
act together in parallel and serial faghion, The mass-movement
processes include a number of types of landslides, as well
as related creep and certain stream-channel processes.

DEFINITION OF PROCESSES
Creep

Creep is the process of slow, downslope movement of
mantle materials in response to gravitational stress. The
mechanics of creep have been investigated experimentally
and theoretically by a number of workers (Terzaghi, 1953;
Goldstein and Ter-Stephanian, 1957; Saito and Uezawa, 19613
Culling, 1963; Haefeli, 1965, Bjerrum, 1967, Kojan, 1968;
Carson and Kirby, 1972; and others). In a purcly rheological
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Sense, creep movement occurs ag quasi-viscous flow under
shear stresses sufficient to produce permanent deformation
but too small to result in discrete failure. Mobilization of the
soil mass is primarily by deformation at grain boundaries and
within ¢lay minerals. Both interstitial and absorbed water
appear to contribute to creep movement by opening the struc-
ture within and between mineral grains, reducing friction
within the soil mass. This permits a remolding of the clay
fraction, transforming it into & slurry that lubricates the
remaining soil mass,

Under field conditions, local variations in sojl properties,
degree of weathering, and clay and water content lead to
variations in creep movement. Rapid creep may result in
discrete failures and development of tension cracks, pressure
ridges, radial crack patterns, and lobate features that grade
into slumps, earthflows, and debris avalanches, Together,
these processes and landforms produce the complex mass-
movement terrain that characterizes much of the western
Cascade Range.

Movement Rate and Occurrence, Movement rates moni-
tored with borehole inclinometers at sites in complex mass-
movement terrain in the western Cascades and Coast Ranges
of Oregon and northern California range from 7.9 to 15.2
mm/yr at the base of the active creep zone (Swanston and
Swanson, 1976). Movement is quite variable within this range,
regardless of parent material or geographic setting,

The depth over which movement is active is also variable,
depending largely on degree and depth of weathering, sub-
surface structure, and soil-water content. The depth of sig-
nificant movement for all monitered sites ranges from 1 to
15 m and, on the basis of well-log data (D, N. Swanston,
unpub. data), appears to be associated primarily with an
abrupt increase in hardness and decrease in water content
of the mantle materials. This well-defined, creep-zone boun-
dary may correspond cither to the lower limit of the saprolite
zone or of the creep-prone bed-rock units,

Creep is generally the most widespread of all mass-erosion
processes. It aperates at varying rates in clayey soils at slope
angles as low as two or three degrees. In small watersheds,
developed in cohesive soils, creep may operate over more
than 90% of the landscape. As a result of this activity, a
continuing supply of soil material is dumped into the stream
from encroaching banks and small-scale bank failures,

The quantity of soil delivered to a stream by creep-related
processes may be quite large. For example, assuming that
creep of soil material with a dry unit weight of 1,600 kg/ms3
advances a 2-m-high streambank at 10 mm/ yr (conservative
estimates for watersheds in volcaniclastic materials within the
western Cascade Range in Oregon), approximately 64 t/km
will be supplied to the channel annually, During high stream-
flow, this material is carried into the stream by direct water
erosion of streambanks and local bank slumping. In areas
characterized by low stream flow with only occasional storm
flows, creep may F£ill the channel with soil and organic debris,
and the stream water may move by subsurface flow and piping
within the channel filling, Only during storm periods is flow
great enough to open the channel and remove the stored
debris, resulting in the periodic discharge of very high sedi-
ment loads and occasional debris torrents when debris dams
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fail. Such a mechanism is a dominant mode of sediment
transfer into intermittent and first-order streams in the creep-
dominated areas of the Pacific Northwest,

Earthflow

In local areas where creep-induced shear stress exceeds the
strength of soil and rock material, failure occurs and slumps
and earthflow landforms are developed (Varnes, 1958).
Simple slumping takes place as rotational movement of a block
of earth over a broadly concave slip surface, involving very
little breakup of the moving material, Slow earthflow occurs
where the moving material slips downslope and is broken up
and transported either by a flowage mechanism or by a com-
plex mixture of translational and rotational displacement of
a series of blocks (Varnes, 1958).

Earthflows have been described by Varnes (1958), Schlicker
and others (1961), Wilson (1970), Colman (1973), Swanson
and James (1975), and others. In the western Cascades, these
features may range in area from less than one hectare to more
than several square kilometres. The zones of failure occurf at
depths from a few metres to several tens of metres below' the
surface, Commonly, there is a slump basin with a headwall
scarp at the top of the failure area, Lower ends of earthflows
are typically incised by streams draining the movement ter-
rain, and in some cases earthflows move directly into large
streams. Transfer of earthflow debris to stream channels may
take place by small-scale slumping, debris avalanching, gully-
ing, and surface erosion, Therefore, the general instability
set up by an active earthflow initiates erosion activity by a
variety of other processes.

Movement Rate and Occurrence. Movement rates of earth-
flows vary from below detectable levels to metres per day,
In parts of the Pacific Northwest, many earthflow areas
appear to be presently inactive (Colman, 1973; Swanson and
James, 1975). Areas of active movement may be recognized
by fresh ground breaks at shear and tension cracks and by
tipped, split, and bowed trees.

Movement rates may be highly variable both in time and
space, even within a single earthflow (Colman, 1973; Swanson
and James, 1975), Presence and absence of open tension
cracks and degree of disturbance of vegetation on earthflows
indicate that some parts may move rather rapidly, whereas
other areas appear to be temporarily stabilized. The history
of individual earthflow landforms can span thousands of
years. This is indicated by age estimates based on radiometric
dating of included wood, comparison of modern mass-
movement erosion rate with the total volume of material
removed from an earthflow terrain, presence of 7,000-yr-old
Mazama ash on pre-existing earthflow landforms and charac-
teristics of drainage development over earthflow surfaces
(Swanson and Tames, 1975; Swanson, unpub, data). Varia-
tions in earthflow activity may occur in response to changes
in moisture availability on the scale of major climate change
as well as shorter term seasonal and storm events. Progressive
erosion by fluvial and mass-movement processes alter the
configuration of landforms and the distribution of mass above
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the failure plan. These changes may effect the locations and
rates of activity in a mass-movement terrain.

FACTORS INFLUENCING MASS-MOVEMENT
PROCESSES AND LANDFORMS IN THE
WESTERN CASCADES

Geologic, hydrologic, and vegetative factors control the
spatial distribution and movement rates or frequency of
occurrence of natural mass-erosion processes on forest lands
in the western Cascade Range in Oregon.

Geology and Soils

The western Cascades are generally composed of Tertiary
lava flows and volcaniclastic and intrusive rocks, which in
many arcas have undergone extensive alteration and weather-
ing to form clay-rich soil and saprolite (Peck and others,
1964). Peck and others (1964) have mapped several major
stratigraphic units including the Oligocene and lower Miocene
Little Butte Volcanic Series and the upper Miocene Sardine
Formation (Fig. 1). Little Butte volcanic rocks dominate the
Western Cascades and consist of lava flows, variably altered
ash flows, and laharic and epiclastic materials, In general, the
overlying lava and ash flows of the Sardine formation are less
altered. Pliocene to Holocene volcanic materials along the
eastern margin of the range are composed predominantly of
unaltered lava flows.

Bedrock materials, and the weathering prodt}cts derived
from them, influence both the distribution and morphology of
terrains shaped by slow, deep-seated mass-movement processes.
The most unstable landscapes in the western Cascades tend
to be loacted in areas of altered volcaniclastic materials in the
Little Butte Series and Sardine formation (Swanson and
James, 1975). For example, in the H. J. Andrews Experi-
mental Forest in the central western Cascades, more than
25% of the arca underlain by volcaniclastic rock is mantled
with recognized active or presently inactive carthflow land-
forms (Swanson and James, 1975). Less than 1% of the area
of younger basalt and andesite flow rock exhibit earthflow
landforms.

The soils developed on volcaniclastic materials tend to be
deep, fine textured, and poorly drained on the gentler slopes.
These conditions are particularly conducive to creep and
carthflow activity. Where the volcaniclastic rocks have been
extensively altered, Peath and others (1971) and Youngberg
and others (1975) have identified highly unstable soils con-
taining high concentrations of expandable clays. Soils derived
from lava flows are generally stonier, coarser textured, better
drained, and much more stable than soils derived from
volcaniclastic bedrock.

Contrasting physical characteristics of bedrock units com-
monly play an important role in shaping complex mass-
movement terrains. For example, in the Andrews Forest,
Swanson and James (1975) noted that steep headwall scarps
of slumps and earthflows occur at contacts where resistant
flow rocks cap incompetent volcaniclastic rocks, In areas of

earthflow activity where there is no capping resistant rock,
headwall scarps are absent and earthflows form broad depres-
sions of low relief (Colman, 1973). Creep and earthflow
movement over irregular bedrock surfaces, commonly result-
ing from a mix of rock types of differing resistance, will result
in an irregular landscape that is a subdued expression of the
subsurface topography.

Climate

The western Cascades are characterized by a maritime
climate consisting of wet, mild winters, and dry summers.
Mean temperatures range from 6° to 10°C, and precipitation
ranges from 100 to 200 cm/yr with 75% to 80% falling
between October 1 and March 31 (Franklin and Dyrness,
1973). Precipitation and snowfall increase and mean tem-
perature decreases with elevation. Middle elevation sites,
which include large areas of potentially unstable terrain, are
subjected to periods of high intensity precipitation and snow-
melt during major storm events,

Rates and quantities of precipitation and snowmelt control
the presence or absence of active piezometric levels in the
subsurface. Moisture content and piezometric level affect the
weight of the soil mass and control the development of posi-
tive pore pressures. Moisture content acts to reduce the
resistance of the soil mass to sliding by mobilization of clay
structures primarily through adsorption of water onto clay
minerals. A rising piezometric level increases pore pressure,
thereby reducing the frictional resistance of the soil mass
along the failure surface. Such conditions are commonly
believed to accelerate creep and earthflow movement (Swan-
ston, 1969; Swanston and Swanson, 1976).

Vegetation

Slope stability in the western Cascades is controlled in part
by the extensive cover of forests of Douglas fir, western
hemlock, and other species. Forest vegetation exercises some
control over the amount and timing of water reaching the
soil and the amount held in storage as soil water and snow.
Forests regulate hydrology through a combination of inter-
ception, evapotranspiration, and influence on snowmelt rate
(Rothacher, 1963, 1971, 1973; Anderson, 1969; Harr, 1976,
and others). In general these hydrologic influences of vege-
tation are thought to enhance slope stability (Gray, 1970;
Swanston and Swanson, 1976).

Plant roots play a crucial role in the stability of slopes by
contributing to the shear strength of soil. Roots add strength
to the soil by vertical anchoring through the soil mass into
fractures in the bedrock and by laterally binding the soil
across potential zones of failure. In shallow soils both effects
may be important. In deep soils the vertical rooting factor is
negligible, but lateral anchoring and reinforcing may remain
important.

Modification of Forest Cover

Removal of forest cover by fire or the activities of man
will lead to decreased rooting strength and an altered hydro-
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Figure 1. Map of Western Cascades showing areal
extent of geologic units and location of study sites (from

Peck and others, 1964).
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