Chapter 13: Mass Wasting

Mass wasting refers to the downslope movement of Earth materials (soil, bedrock, debris, etc.)
due to gravity without the aid of a transporting medium, such as water, ice, or wind.

In order for mass wasting (also known as mass movement) to occur, a slope must be present in
order for gravity to pull the material downslope.

Since gravity is what wultimately drives mass mo
force acts on a slope. Gravity is a force that acts everywhere on Earth, pulling everything toward
Earthdés center. On a | evel surface, gravity ac

shown below:
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Action of gravity on a level surface.

ground surface

As long as the boulder in the above diagram remains on a flat surface, it will not move under the
force of gravity.

On a slope, however, the force of gravity can be resolved into two components, one acting
perpendicular to the slope and one acting parallel (tangential) to the slope, as shown here:

¢

Action of gravity on a sloping surface

The perpendicular component of gravity (Jp) helps hold the boulder in place on the slope,
via frictional interaction between the boulder and the slopknhe slopeparallel
component of gravityg) causes a shar stresgo developthat helps movehe boulder
downslope(red arrow)



On aneven steeper slopés the slope angl@ ihcreases) the slopeparallel component

of gravity(Q;) increasegred arrow) whereas theslope-perpendicular componengp)
decreasesas shown here

Action of gravity on a sloping surface

The reason this sort of analysis is helpful
the tangential (slope-parallel) component of gravity that really drives mass movement.

Wedove menti oned al-peepandigulartcémpdnent ohgeavity (Jss) betps resist
mass movement. Additionally, the internal cohesion of the rock particles (i.e., their tendency to
stick together) and the frictional interaction among the rock particles comprising a slope work
together to resist mass movement. All of these factors contribute to the shear strength of the
materials comprising the slope.

In summary, when the shear stress acting on a slope exceeds the shear strength of the
Earth materials comprising the slope, mass movement occurs.

Mass movement is favored by steeper slope angles (which increase gravitational shear stress)
and anything that reduces the shear strength (such as lowering the cohesion of the rock
particles or lowering their internal frictional resistance).

Factors contributing to mass movement

1 Excess water: although a bit of water actually improves particle cohesion (think of how
well moist sand sticks together compared to dry sand), too much water can force rock
particles apart, reducing their internal friction by eliminating grain to grain contact (think of
how really wet sand exhibits fluid behavior). Both excess precipitation and over-watering
generally increase the potential for mass movement.

1 Slope modification: when a slope is over-steepened, whether by natural processes such
as storm waves undercutting the base of a sea cliff, or by human activities such as road
building, gravitational shear stress increases, thus promoting slope instability.




91 Adverse rock fabric: rock discontinuities such as faults, joints, metamorphic foliation, or
sedimentary bedding, if oriented adversely, can contribute to slope instability by reducing
the shear strength of a rock mass.

1 Earthquakes: seismic shaking associated with fault movement may cause water-rich
sediments to temporarily lose all shear strengthd a process called liquefaction. In
addition, seismic shaking may temporarily increase the shear stress acting on a slope by
accelerating the Earth materials comprising the slope.

1 Volcanic eruptions: seismic shaking caused by explosive volcanic eruptions can have
the same effect as that resulting from fault movement. In addition, catastrophic melting of
snow during a volcanic eruption introduces large amounts of water that may mix with
Earth materials on a slope, reducing their internal cohesion, resulting in massive volcanic
mudflows called lahars.

Types of mass wasting

Your text does a nice job of summarizing things. Spend some time studying Table 13.1 (types
of mass wasting) and Figure 13.1 (flow, slide, and fall).

In general, mass wasting is classified in terms of three variables, including (1) type of movement
involved (flow, slide, or fall), (2) the rate of movement (slow to fast), and (3) the type of material
involved (rock, debris, earth, or mud). Her ebs

types:

Movement Types:

Flows involve downslope movement as a viscous fluid.

Slides involve downslope movement along a discrete, relatively planar rupture surface

underneath the slide.

T SIl'umps are simply rotational slides (i .e., m
shapedo surface)

Falls involve rapid, downslope movement with a strong vertical component.

Avalanches involve rapid downslope movement as a dry, chaotic mass.

1
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Material Types:

Rock refers to material that started out as intact rock.

Debris refers to coarse-grained fragments of unconsolidated surficial material (what your
text calls fAsoil 66 in an engineering sense).
1 Earth refers to fine-grained material.

1 Mud refers to fine-grained, water-saturated material.

1
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To describe a mass movement with scientific precision, we simply use a term from the
Movement Types category and then combine this with a term from the Material Types
categorye



Mass Movement Type = Material Type + Movement Type
Here are some exampl esé
1 Rockfall--composed of rock material moving vertically downslope.

1 Rockslide--composed of rock material moving downslope along a discrete rupture
surface.

1 Slumpd a rotational slide usually involving unconsolidated material.

1 Rock Avalanche--composed of rock material moving rapidly downslope as a relatively
dry, chaotic mass.

1 Mudflowd composed mostly of fine-grained sediment moving rapidly downslope as a
viscous fluid.

1 Debris Flowd similar to a mudflow but also contains larger fragments of rock.

1 Earthflowd composed of fine-grained material moving slowly downslope as a viscous
fluid.

Here are some interesting animations and video clips of various types of mass wasting:

Debris flow--rapid downslope movement as a viscous fluid (takes awhile to download but worth
the wait! Turn up your speakers!)

Debris Avalanched Simply incredible! Click on either the high- or low-res version and wait for

it to download (as a former whitewater kayaker myself, the url for this website,
www.kayakingsucks.com,ismeant t o be ironicéobviously, these
boating!).

Slided An amazing video clip of a recent slide in Japan. Note the planar slide surface as
viewed from a planeéamazing!

Rockfall-r api d downsl ope movement in the vertical di

Flow, Slide, and Fall--Figure 13.1
Slided good comparison of three types of mass movement.

Earthflow / Slumpd animated sequence of a slump that evolves downslope into an Earthflow.



http://www.siskiyous.edu/shasta/map/mp/wdf8-97.mpg
http://www.kayakingsucks.com/sultan/sultan.html
http://www.unoriginal.co.uk/footage10_3.html
http://www.land-man.net/uploads/ischia.swf
http://highered.mcgraw-hill.com/sites/0072826967/student_view0/chapter13/animations_and_movies.html
http://www.unoriginal.co.uk/footage10_3.html
http://www3.interscience.wiley.com:8100/legacy/college/strahler/0471238007/animations/ch15_animations/animation1.html

Here are some photographs (below) of selected mass movements. In the photo below, the slide
quickly evolved into a debris flow as it moved down slope, destroying several homes:

La Conchita slide/debris flow near Santa Barbara, California.
(courtesy USGS; http:/landslides.usgs.gov/learning/photos/california__u.s. /la_conchita ca 1995/scan2.jpq)

In the photo below, notice the extremely poor sorting of the debris flow deposit. Fragment sizes
range from large boulders to clay-sized particles. The larger fragments tend to be slightly
rounded due to being tumbled along within the flow. Such characteristics typify debris flows,
allowing geologists to recognize ancient debris flow deposits in the geologic record.

Debris flow deposit in Arizona (Courtesy USGS).
(http://landslides.usgs.gov/learning/photos/catalina_mountains _arizona 2006 event u.s. /sabino canyon ot

her_sites/sabino 5.JPG)
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http://landslides.usgs.gov/learning/photos/california__u.s._/la_conchita__ca__1995/scan2.jpg
http://landslides.usgs.gov/learning/photos/catalina_mountains__arizona_2006_event__u.s._/sabino_canyon___other_sites/sabino_5.JPG
http://landslides.usgs.gov/learning/photos/catalina_mountains__arizona_2006_event__u.s._/sabino_canyon___other_sites/sabino_5.JPG

The photo below shows a roadside slump (rotational failure). Notice how the toe (downslope
part) of the slump is bulging upwardd a telltale sign that the rupture surface underneath is
spoon-shaped rather than planar.

Slump, Boulder County, Colorado.
(courtesy USGS; http://libraryphoto.cr.usgs.gov/cgi-bin/show_picture.cgi?ID=ID. Hansen, W.R. 182)

Like debris flow deposits, rockfall deposits are typically very poorly sorted, with more highly
angular fragment shapes than debris flow deposits.

Rockfall deposit, Santa Cruz Mountains, California.
(courtesy USGS; http://libraryphoto.cr.usgs.gov/cgi-bin/show_picture.cqi?ID=ID. Plafker, G. 44)



http://libraryphoto.cr.usgs.gov/cgi-bin/show_picture.cgi?ID=ID.%20Hansen,%20W.R.%20182
http://libraryphoto.cr.usgs.gov/cgi-bin/show_picture.cgi?ID=ID.%20Plafker,%20G.%2044

Mass movement and plate tectonics

Like virtually everything else in geology, we can relate mass wasting in a general way to plate
tectonic processes.

Because the potential for mass wasting is greatly increased by steep topography, mountain
building and mass wasting processes are closely
mountains tend to occur at convergent plate boundaries, so it should come as no surprise to

learn that mass wasting is a major hazard at convergent plate boundaries.

Here® a world topography map (below). White areas such as western North and South
America and southern Asia represent high elevations and generally steep slopes, where mass
movement risk is increased. These regions also correspond broadly with sites of active or
ancient plate convergence:

World topography.
(courtesy NASA; http://earthobservatory.nasa.gov/IOTD/view.php?id=3741)

Your textbook has a fascinating description of a massive debris avalanche that occurred in
Yungay, Peru in 1970, killing 17,000 people (Box 13.18 Environmental Geology).

The country of Peru sits astride an active subduction zone, where earthquakes are common and
where the subduction process has built large mountains that block moisture from incoming
storms.

In this case, steep slopes, an earthquake, and abundant moisture in the form of glacial ice
proved to be a deadly combination.

Here®& an oblique aerial photo of this devastating debris avalanche (block oval):



