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 Chapter 11
 Mass Wasting
 Weathering, Erosion & Mass WastingWeathering, Erosion & Mass Wasting
 • Weathering produces all the soils, clays, sediments, and dissolved substances.
 • Erosion is the removal of sediments by natural processes e.g. wind, rivers, waves.
 • Mass wasting is the downslope movement of masses of Earth materials.
 Introduction
 Mass wasting - The downslope movement of material resulting from the force of gravity.
 Mass wasting results when the force of gravity acting parallel to a slope exceeds the strength of that slope.Mass wasting can be hazardous and often results in the loss of life and property.
 ●● Mass wastingMass wasting includes all processes by includes all processes by which masses of rock and soil move which masses of rock and soil move downslopedownslope..
 ●● Mass movementMass movement occurs when the force of occurs when the force of gravity exceeds the strength of the material gravity exceeds the strength of the material and it moves and it moves downslopedownslope..
 Mass wastingMass wasting
 Unsafe Ground: Landslides Unsafe Ground: Landslides and Other Mass Movementsand Other Mass Movements
 Introduction
 Selected landslides(causes & number of deaths)
 Table 11.1, p. 274
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 Is there terra firma???Is there terra firma???
 • Most humans consider Earth to be “terra firma”; a stable surface on which to build their lives.
 • Much of Earth’s surface, however, is unstable ground.
 • This is a natural consequence of weathering and erosion.
 Factors That Influence Mass Wasting
 Shear strength - Forces that help maintain slope stability
 ForcesThe material’s strength and cohesionInternal friction between grainsAny external support of the slope Fig. 11.1, p. 275
 Factors That Influence Mass Wasting
 Opposing a slope’s shear strength is theforce of gravity.
 Whenever the gravitational force acting on a slope exceeds the slope’s shear strength, slope failure and thus mass movement occur.
 Fig. 11.1, p. 275
 Factors That Influence Mass Wasting
 What causes mass wasting?Usually more than one factor is involved in the failure of a slope.
 Factors affecting mass wasting include:Slope AngleWeathering and climateWater contentVegetationOverloadingGeology vs slope stabilityTriggering events
 Fig. 11.2b, p. 276 Fig. 11.3a, p. 277
 Factors That Influence Mass Wasting
 What causes mass wasting?Factors affecting mass wasting:
 Slope AngleSlope angle is probably the major cause of slope failure. Generally the steeper the slope, the less stable it is and the more susceptible it is to failure.
 Fig. 11.2b, p. 276 Fig. 11.3a, p. 277
 Factors That Influence Mass WastingWhat causes mass wasting?
 Usually more than one factor is involved in the failure of a slope.
 Weathering and ClimateMass wasting is more likely to occur in loose ore poorly consolidated slope material than in bedrock.
 Water ContentLarge quantities of water from melting snow or heavy storms increase the likelihood of slope instability.
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 Weathering & Weathering & ClimatgeClimatge can can affect stability via changes in affect stability via changes in
 ●● angle of slopeangle of slope●● accumulation of rubbleaccumulation of rubble●● breakage into large blocksbreakage into large blocks
 Mass wastingMass wasting
 Nature of slope materialsNature of slope materials●● unconsolidated materialsunconsolidated materials
 ●● sand and siltsand and silt●● rock fragments, sand, rock fragments, sand,
 silt, and claysilt, and clay
 Mass wastingMass wasting
 Interrelated factorsInterrelated factorsa)a) nature of slope materials nature of slope materials
 • soil, rock, sediment • consolidated / unconsolidated• material’s angle of repose
 b)b) amount of water amount of water •• depends on porosity depends on porosity ––
 space between sedimentspace between sedimentc)c) steepness and stabilitysteepness and stability
 Mass wastingMass wastingMass wasting: Mass wasting: Stability Stability -- Material Material vsvs water contentwater content
 Factors That Influence Mass WastingWhat causes mass wasting?
 Usually more than one factor is involved in the failure of a slope.
 VegetationVegetation can help absorb water from the rains, and its root network can help stabilize a slope.
 OverloadingOverloading, almost always from human activity such as dumping, filling, or piling up of material, can increase water pressure within the slope material, which decreases its shear strength and thus weakens the slope material.
 Mass wasting: Overloading due Mass wasting: Overloading due the accumulation of rubblethe accumulation of rubble
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 Factors That Influence Mass Wasting
 Geology (dip strata) vs Slope Stability
 Generally, rocks that are horizontal or dipping in the opposite direction of a hillside’s slope are more stable than the rocks that dip in the same direction as the slope.Explain
 Fig. 11.5, p. 278
 Triggers of mass movementsTriggers of mass movements●● earthquake vibrationsearthquake vibrations●● rainfall and water infiltrationrainfall and water infiltration●● overloadingoverloading
 Mass wasting: motion initiationMass wasting: motion initiation
 Factors That Influence Mass Wasting
 Triggering Mechanisms
 The most common triggering mechanisms are earthquakes and excessive amounts of water, although anything that disturbs the slope’s equilibrium will result in mass wasting.
 Fig. 11.6, p. 279
 Water contentWater content•• lubricationlubrication•• Liquefaction (due Liquefaction (due
 vibration) creates vibration) creates conditions analogous to conditions analogous to ‘‘quicksandquicksand’’
 Mass wastingMass wasting
 Mass Mass wasting:wasting:
 afterafterthe the EarthquakeEarthquake
 Alaska Alaska 1964 1964
 Mass wasting: Mass wasting: changes with earthquakechanges with earthquake
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 Classification of mass movements Classification of mass movements
 Three characteristics usedThree characteristics used●● velocity of movementvelocity of movement
 Rapid – sudden, visible movementto Slow – recognized by their effects
 ●● nature of materialnature of material(rock or unconsolidated)(rock or unconsolidated)
 ●● nature of movementnature of movement(flow, slide, or fall)(flow, slide, or fall)
 Summary of Types of Mass Movement
 Classification of Types of Mass Movements
 Table 11.2, p. 280
 Classification of mass movements Classification of mass movements Material: rock and velocity: mod-fast
 Classification of mass movements Classification of mass movements
 Rock mass movementsRock mass movements●● rock fallsrock falls●● rock slidesrock slides●● rock avalanchesrock avalanches
 Types of Mass Wasting
 Falls (usually rock masses)
 Rockfalls, the free-fall of rocks, are a common type of mass movement.
 Fig. 11.4d, p. 277
 Fig. 11.7a, p. 279
 Classes of mass movements: rock fallsClasses of mass movements: rock falls
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 Classification of Classification of mass mass
 movements: movements: rock fallsrock falls
 Rockfalls
 Fig. 11.7b, p. 279Fig. 11.8, p. 280
 Types of Mass Wasting
 SlidesRock slides & slumps are two types of slides.
 Slumps are rotational slides in which material moves along a curved surface, and usually involve poorly consolidated or unconsolidated materials.
 Fig. 11.9, p. 281
 Fig. 11.10, p. 281
 Slump on the coast of California
 Types of Mass Wasting
 Slides Slumps and rock slides are the two types of slides.
 Rock (or block) slides take place on a planar surface and usually involve solid pieces of rock.
 Fig. 11.11, p. 286
 Classes of mass movements: rock slideClasses of mass movements: rock slide
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 rock slide rock slide Classification Classification of of mass mass movements:movements:
 Laguna Beach, California
 Fig. 11.12, p. 287
 Turtle Mountain Rock Slide
 Alberta, Canada
 Fig. 11.13, p. 288
 Classification of mass movements:Classification of mass movements:Rock Flow: rock avalanches Rock Flow: rock avalanches
 Classification of mass movements::Rock Avalanche Rock Avalanche
 Types of Mass Wasting
 Flows (usually unconsolidated earth)Mudflows, debris flows and earth flows are the three main types of flows.
 The different types of flows are recognized by their
 1. Rates of movement (rapid or slow)2. Water content 3. Material composition (rock, sediment, or soil).
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 Material: unconsolidated; slow to fast Classification of mass movements Classification of mass movements
 ●● Unconsolidated mass movementsUnconsolidated mass movements
 ●● mudflowmudflow●● debris flowdebris flow●● earthflowearthflow●● creepcreep●● debris avalanchedebris avalanche●● slumpslump●●debris slidedebris slide
 Types of Mass Wasting
 FlowsMudflows
 Mudflows consist largely of clay- and silt-sized particles, contain more than 30% water, and generally follow pre-existing channels.
 Mudflows are most common in arid and semiarid climates.
 Fig. 11.14, p. 289
 Classification of mass movements:Classification of mass movements:mudflowmudflow
 Classification Classification of of mass mass movements:movements:
 mudflow mudflow
 Mudflow Case HistoryMudflow Case HistoryNevada del Ruiz volcano in the Colombian Andes.At night on November 13th, 1985, the volcano erupted.
 – The eruption melted a small % of the mountain snowcap.– The melt water mixed with ash and raced down a valley.– The town of Armero was flooded with a scalding lahar.– 20,000 residents were buried in their sleep.
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 Types of Mass Wasting
 FlowsDebris Flows
 Debris flows contain less water than mudflows and are composed of larger particles. They are more viscous than mud flows and move more slowly.
 Fig. 11.15, p. 289
 Classification of mass movements:Classification of mass movements:debris flowdebris flow
 Classification Classification of of mass mass movements:movements:
 debris flow debris flow
 Types of Mass Wasting
 FlowsEarthflows
 Earthflows move downslope as thick, viscous masses of wet regolith that move more slowly than debris flows or mudflows.
 Fig. 11.16, p. 290
 Classification of mass movements:Classification of mass movements:earthflowearthflow
 Classification Classification of of mass mass movements:movements:
 earthflowearthflow
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 Types of Mass Wasting
 FlowsQuick-Clays
 Clays that spontaneously liquefy and flow when disturbed are known as quick-clays.
 Quick-Clay Slide Quebec, Canada
 Fig. 11.17, p. 290
 Quick-clay activated by ground shaking
 Anchorage, Alaska 1964 Earthquake
 Fig. 11.18, p. 291
 Types of Mass Wasting
 FlowsSolifluction
 The slow downslope movement of water-saturated surface sediment known as solifluction is most common in areas of permafrost.
 Fig. 11.19a, p. 292Fig. 11.20, p. 293
 Types of Mass Wasting
 FlowsCreep
 The slowest and most widespread type of mass wasting is called creep. This involves the imperceptible downslope movement of soil and rock.
 Fig. 11.21, p. 293
 Classification of mass movements:Classification of mass movements:creep (example)creep (example)
 Classification Classification of of mass mass movements:movements:
 creep creep
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 Types of Mass Wasting
 Complex movements
 Combinations of different types of mass movements, most involving sliding and flowing, are considered complex movements.
 Fig. 11.22 and Fig. 11.23, p. 294
 Classification of mass movements:Classification of mass movements:debris avalanchedebris avalanche
 Before: Mt Huascaran Peru debris avalanche
 Mt Huascaran is mountain peak of the Andes of west-central Peru. The snowcapped peak rises to 22,205 feet (6,768 m) above sea level in the Cordillera Blanca, east of the Peruvian town of Yungay. It is the highest mountain in Peru and is a favourite of mountaineers and tourists.
 In 1962 a thaw caused a portion of the sheer north summit to break off, resulting in an avalanche that destroyed several villages and killed about 3,500 persons.
 In 1970 a severe earthquake caused landslides that buried 10 villages and most of Yungay; tens of thousands of people were killed in one of the worst natural disasters of the 20th century. Before: Mt Huascaran Peru debris avalanche
 After: Mt Huascaran Peru debris avalanche
 Classification of mass movements:Classification of mass movements:earth slumpearth slump
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 Classification Classification of of mass mass movement:movement:
 Minor slumpMinor slump
 Classification of mass movements:Classification of mass movements:debris slidedebris slide
 Classification Classification of of mass mass movement:movement:
 debris slidedebris slide
 Setting the Stage Setting the Stage • Not all slopes are prone to movement.
 – Stable slopes – Slope movement is improbable.– Unstable slopes – Slope movement is likely.
 • Slope stability is a trade-off between two forces.– Downslope force – Gravitational pull.– Resisting force –
 Material repel motion.• When downslope forces
 overwhelm resisting forces - slopes fail.
 Understanding the cause of mass movements Understanding the cause of mass movements
 Slope Stability Slope Stability • Downslope forces = Gravity.
 – The weight of earth materials.– The weight of added water.– The weight of added structures.
 • Resisting forces = Material strength.– Cohesion
 • Chemical bonds.• Electrical charges.• Surface tension.
 – Friction.• Steeper slopes = larger downslope
 force.
 Understanding the cause of mass movements Understanding the cause of mass movements • Loose granular material assumes a certain slope angle. • This “angle of repose”, it is a material property due to...
 – Particle size.– Particle shape & surface roughness.
 • Typical angles of repose.– Fine Sand 35o
 – Coarse Sand 40o
 – Angular Pebbles 45o
 Slope StabilitySlope Stability
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 • Weak layers below the surface can nucleate motion.• These are termed “failure surfaces.”
 – Saturated sand or clay layers.– Joints parallel to the surface.– Weak sedimentary bedding (shale, evaporites).– Metamorphic foliation.
 Failure SurfacesFailure SurfacesUnderstanding the cause of mass movements Understanding the cause of mass movements
 • A destabilizing event commonly triggers slope failure.• Trigger can be both
 natural & anthropogenic. – Shocks and vibrations.– Changes in slope
 characteristics. – Changes in slope
 strength.
 • A triggering event is not necessary for motion to occur.– Slope materials weaken over time.– Gravity continues to operate. – Mass movements are often random and unpredictable.
 Failure TriggersFailure TriggersUnderstanding the cause of mass movements Understanding the cause of mass movements
 Failure TriggersFailure Triggers• Shocks and vibrations – May initiate slope failure.
 – Ground vibrations decrease material friction. – On an unstable slope, the downslope force takes over.
 • Many sources of vibration can trigger slope failure. – Motion of heavy machinery, vehicles or trains.– Blasting.– Earthquakes.
 Failure TriggersFailure Triggers• Vibration can also cause water-saturated sediments to flow like
 fluids – a process known as liquefaction.– Quick clay – Clay that liquefies when disturbed.
 • Elecrostatic forces hold clay flakes together.• When shaken, water suspends clay flakes in a fluid slurry.
 – Saturated sand – Sand with water-filled pores. • Grains in frictional contact make sand firm.• Shaking increases water pore pressure; fluidizes sand.
 • Changes in characteristics can destabilize a slope.– Angle – Steepening a slope beyond the angle of repose.– Loading – Adding weight to the top of a slope.
 • Water – As rain or via humans (lawns, septic systems).• Waste materials and fill.• Buildings.
 Failure TriggersFailure Triggers• Changes in characteristics can destabilize a slope.
 – Removing support – Undercutting a slope leads to failure.• Natural – River eroding base of slope. • Human-induced – Excavating the base of a slope.
 Failure TriggersFailure Triggers
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 Failure TriggersFailure TriggersChanges in slope strength.
 – Weathering – More intensive weathering; weaker regolith.– Vegetation – Removing vegetation…
 • Greatly slows removal of excess water. • Destroys an effective stapling mechanism (roots).• Failures common after forest
 fires.– Water – water reduces slope strength
 in several ways.• Adds a great deal of weight .• Water in pores pushes grains
 apart, easing disintegration.• Water lubricates grain contacts.
 – Water – water reduces slope strength in several ways.
 • Adds a great deal of weight .• Water in pores pushes grains
 apart, easing disintegration.• Water lubricates grain contacts.
 Examples of landslide disasters Examples of landslide disasters
 ●● Spanish Fork, Utah (1983)Spanish Fork, Utah (1983)
 ●● GrosGros VentreVentre valley, Wyoming valley, Wyoming (1925)(1925)
 ●● VaiontVaiont Dam, Italy (1963)Dam, Italy (1963)
 Understanding the cause of mass movements Understanding the cause of mass movements
 • 1925 Gros Ventre slide, near Jackson Hole, Wyoming.• Sheep Mountain, underlain by dipping strata. • The Gros Ventre river had undercut the slope. • The Amsden shale was lubricated by weeks of rain.• The side of Sheep Mountain detached.
 – 40 million m3 slid 600m downslope. – The slide created Slumgullion Lake.
 Case StudyCase Study Origin ofOrigin ofmass mass movement:movement:
 the the GrosGrosVentreVentredisaster,disaster,19251925WyomingWyoming
 Origin ofOrigin ofmass mass movement:movement:
 the the GrosGrosVentreVentredisaster,disaster,1925,1925,WyomingWyoming
 Gros Ventre landslide
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 Understanding the origins of massUnderstanding the origins of massmovements movements
 The The VaiontVaiont Dam disaster (Italy)Dam disaster (Italy)
 ●● one of worldone of world’’s largest mans largest man--mademadelakes was formed by this damlakes was formed by this dam
 ●● steep valley walls were made ofsteep valley walls were made ofweak, broken and layered rockweak, broken and layered rock
 Understanding the origins of massUnderstanding the origins of massmovements movements
 The The VaiontVaiont Dam disaster (Italy)Dam disaster (Italy)
 ●● a small rock slide in 1960 shoulda small rock slide in 1960 shouldhave been a warninghave been a warning
 ●● in 1963, 240 million min 1963, 240 million m33 of rock fellof rock fellinto the lake, bursting the dam into the lake, bursting the dam and killing 3,000 peopleand killing 3,000 people
 Landslide Case StudyLandslide Case Study• The Vaiont Dam disaster illustrates the need for
 understanding geology when siting critical structures.• Built in 1960 in a deep gorge in the Italian Alps. • Limestone on shale sloped from valley sides to the center. • On October 9, 1963, a 600 million ton limestone broke free.• The slide created a huge wave that wave sloshed over dam. • The wave destroyed villages downstream, killing 2600.
 VaiontDam
 Recognizing and Minimizing the Effects of Mass Wasting
 A thorough geologic investigation of an area is the most important way to reduce or eliminate hazards.
 Making slope stability mapsRecognizing former landslides by observing scarps, open fissures, tilted objects.Collecting bedrock and soil samples.
 Fig. 11.24, p. 294
 Recognizing and Minimizing the Effects of Mass Movements
 How to eliminating or minimize the effects of mass wasting
 Retaining walls, draining excess water, regrading slopes, and planting vegetation can all be used to help stabilize slopes.
 Fig. 11.25 p. 295
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 Regrading slopes
 Fig. 11.27, p. 296 Fig. 11.28, p. 296 Fig. 11.29, p. 297
 Retaining walls
 End of Chapter 11
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