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Mass wasting: movement of regolith downslope by gravity. 
 

1.  Does not require a transporting medium, such as water, wind, or ice 
. 
2. Although water does not act directly in transporting regolith, it is still important to slope 
failure because it reduces friction between rock particles. 
 
3.  All mass wasting processes occur on slopes. 



Two fundamental materials may comprise a 
slope: rock and regolith (soil). 
 
Rock is hard, coherent material comprising 
individual particles or crystals, and not 
significantly weakened when saturated with 
water. 
 
Regolith is a weak, unconsolidated deposit 
which forms a continuous mass lacking 
significant  joints or fissures.  Regolith may 
consist of talus (large rock fragments) or 
colluvium (finer material).   

rock 

talus 

colluvium 



Causes of Mass Movement 
 
The effects of gravitational forces on a slope are 
expressed by the weight per unit area of slope 
materials.  This load can be resolved into two 
components of gravity: one tends to move material 
downslope and the other resists movement due to 
friction. 
 
 



Causes of Mass Movement 
 
Mass movement occurs when the gravitational forces 
parallel to the failure plane (down slope component of 
gravity, fd) exceed the resisting (frictional) gravitational 
forces (fr), which are normal to the failure plane.   
 
 



Talus cone: angle of repose 50°. 

Factors Determining the Strength of 
Slope Materials 
 
The response of slope material to stress is related 
to the material’s inherent strength (shear 
strength) to resist deformation and fracture without 
failure (mass movement). 
 
A major controlling factor of shear strength is the 
frictional resistance between the constituent 
particles within the material.  This is related to the 
size, shape, arrangement and the number of 
contact points of constituent particles.   
 
The inherent frictional properties is defined as the 
angle of internal friction (φ).  
 
 



Factor of Safety (Fs): relationship between 
the and resisting and driving (downslope) 
forces. 

 

Fs = S/τ  =  C+(γsd cos α - γwh) tanφ	


                              γsd sin α	


Where  	
S = shear strength	

	
τ = shear stress	

	
C=effective cohesion of material	

	
γs = unit weight per vol. of material	

	
d = thickness of material above 	
	

	
slide plane	

	
α = angle of slope in degrees	

	
 γw = unit weight of water	

	
h = hydraulic head at the slide	


  	
plane (distance of slide plane below  
	
water table)	

	
φ =angle of internal friction	

	
	

	
	


The La Conchita, CA landslide occurred on 
March 4th, 1995. 	




Factor of Safety (Fs): relationship 
between the and resisting and driving 
(downslope) forces. 

 

Fs = S/τ  =  C+(γsd cos α - γwh) tanφ	


                          γsd sin α	


	


When Fs > 1 slope is stable.	


	


When Fs < 1 slope will tend to fail.	


	


When Fs = 1 slope is at or near its angle 
of repose and susceptible to failure.	

	


	


	


The La Conchita, CA landslide 
occurred on March 4th, 1995. 	
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Landslides affect more than 600 miles of 
the shorelines within the Puget Lowland.!
!
Increasing population and development 
pressures have exacerbated the effects 
and associated damage of landslide 
activity within the Puget Lowland.!
 
 
 
 
 
 
 

Perkins Lane, Seattle ,WA (1997) 



Causal Factors of Landslides on Bluff Slopes within 
the Puget Lowland Region 

1. Composition/Stratigraphy within bluff profile 

2. Precipitation (duration/intensity) 

3. Wave Environment   

 -fetch, near shore bathymetry, relative sea level 

4.  Bluff Environment 

 -hydrology, bluff toe and aspect, bluff height 

5.  Human Factors 

 -removal of vegetation, water loading, over-steepening 



Most of the bluff slopes with the 
Puget Sound region, including 
Whidbey Island, are composed of 
unconsolidated sediment, deposited 
during glacial and/or interglacial 
periods.  
 
Only the extreme northerly portion of 
Whidbey Island and the San Juan 
Islands are composed of bedrock. 

 

Double Bluf Beach 
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The sediment record and the morphology of the landscape within the Puget 
Lowland is largely controlled by the advance and retreat of the Puget Lobe Ice 
Sheet within Lowland.    



Prior to the advance of the Puget 
Lobe ice sheet, a broad alluvial 
floodplain was graded into the 
Lowland during the Last 
Interglaciation.  The river system 
flowed from south to north and 
discharged into Strait of Juan de 
Fuca.   
 
The Whidbey and Kitsap Formations 
represent alluvial sedimentation 
during non-glacial time periods.  The 
Whidbey Formation contains peats 
and fossil pollen with modern type 
assemblages.     

Whidbey Formation 

Double Bluff Point, WA 

Vashon Glacial Marine Drift 

Unconformity 

Modern Flood Plain 
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During the advance and retreat of the 
Puget Lobe large proglacial lake 
systems formed in the topographically 
low areas of the lowland.  The ice lobe 
blocked the north flowing stream 
systems that flowed into the Strait of 
Juan de Fuca prior to ice advance.  
 
Lake levels were controlled by spillway 
elevations (Leland Creek, south of Port 
Townsend and Black Lake spillway, 
south of Olympia. 
 
In the Puget Lowland the glacial 
lacustrine (lake) sediment is defined as 
the Lawton clays or silts after the type 
location near Fort Lawton, WA (within 
Discovery Park). 
 
 



Laminated glacial lacustrine clays 
are gleyed and contain little 
organic matter.  They may contain 
seasonal depositional layers 
(varves).   

The lacustrine clays tend to 
impermeable and form aquicludes 
within bluff slopes. 

Dropstones may be present in 
glacial lacustrine sediment when the 
glacier is actively calving into the 
lake waters.  Note deformation of 
laminated beds as the dropstone 
was deposited. 
 

 

. 



Advance Outwash Sand 

Advance outwash is typically graded as 
a broad outwash plain in front of the 
advancing ice sheet. 

Advance outwash consists of well-
sorted sand and fine gravels and lies 
stratigraphically below the till unit. 

Sedimentary structures such as cross-
beds, cut and fill features are common 
within braided stream deposits.  



Mechanisms of Deposition of Till 
Subglacial: undermelt, basal lodgement, basal flowage. 

Supraglacial:  meltout and flowage 

Marginal: dumping and pushing 

*Diagram taken from the British Society for Geomorphology 

Supraglacial Meltout Till Crevasse 

Snout 

Flow Till 

Lodgement Till 
Subglacial Meltout Till 

Deformation Till 



Till is sediment deposited directly by ice. 

Tills are highly variable deposits, but usually have 
some characteristics in common: 

1.  Poor sorting                 

2.  Lack of stratification (crude stratification with flow 
tills).             

3.  Mixture of lithologies         

4.  Clasts may have abraded facets and striations  
   

5.  Preferred orientation of particles (basal tills)
      

6.  May be compacted if deposited beneath ice.
       

7.  Overlies striated rock or sediment basement.  
  

8.  Predominantly subangular due to combination of 
fracturing and rounding by abrasion 
 

 

Properties of Till 



The Saratoga erratic (south Whidbey Island) is one of my favorites.  It is over 30 feet tall and big enough to eat 
lunch on it.  It was also excavated from Mt. Erie, Fidalgo Island.   



Glacial Marine Drift (GMD)  

 

GMD sedimentation occurs where 
tidewater glaciers calve into a marine 
embayment and sediment is deposited 
on the sea floor as debris-ladened ice 
bergs melt and turn over.   
 



Glacial Marine Drift (GMD) 

GMD has characteristics similar to till in 
that it is poorly sorted, unstratified and 
contains faceted, subangular clasts. 

Marine shells may be present in some 
GMD deposits. Shell ages provide 
minimum deglaciation ages for a 
region. 

 

 

GMD deposits are found in subaerial 
locations where isostatic uplift has 
been great enough to preserve the 
deposits above modern sea level. 

 

 

  

Mollusk Shells 



Lacustrine Clays (Lawton Fm) 

Non-glacial Alluvium (buriedunderlandslidedebris) 

Non-glacial Alluvium (KitsapFm)  

Advance Outwash (Esperance Fm) 

As the Puget Lobe advanced into the Puget Lowland, the north 
flowing streams were dammed and proglacial lakes formed in 
low-lying topography.  Lacustrine clays were deposited into 
these lake basins.  Proglacial deltas and outwash trains were 
prograded into the lakes leaving a thick deposit of sandy 
outwash.  Eventually the ice sheet overrode its advance units 
and deposited the Vashon Till over the landscape.    



The stratigraphy of the glacial and non-glacial substrate units play a significant 
role in controlling the location and nature landslide activity on Puget Sound bluff 
slopes.  Stratigraphic section taken near Californial Way SW, Seattle, WA.   



Much of the sediment record exposed in the unconsolidated bluffs at 
Double Bluff Point is glacial in origin.  Glaciofluvial sediment originating 
from the Cascades underlies the advance deposits of the most recent ice 
sheet advance.   

In some regions of the Puget Lowland, such as within structural basins, 
the sediment record is over 5000 feet thick and records multiple glacial 
and interglacial cycles.  



(Shipman, 2004) 



The prevalance and timing of shallow colluvial landslides observed in the 
Puget Sound region are strongly related to intense precipitation events, 
such as that which occurred during the Holiday storms of 1996-1997. 



Scatchet Head’s bluff stratigraphy is similar to that observed 
at Discovery Park in Seattle, WA.  The Lawton clay/silt forms 
an aquiclude and a distinct mid-level bench where perched 
water facilitates the massmovement of the overlying sandy 
colluvium.   
 
Major landslide activity occurred following the La Nina event of 
1996-97. 



 A series of La Nina events during the late 1990’s brought ~50 inches of 
rainfall to Seattle in 3 of 4 water years.  Prolonged periods of consecutive 
wet winters likely contributed to reactivation of deep-seated landslides in 
the region during the winter of 1998-99. 



(Finlayson, 2006) 

3.  Wave 
Environment   

-fetch, near shore 
bathymetry, aspect 
of shoreline, 
relative sea level 

 



The south-facing bluff slope at 
Scatchet Head was susceptible to 
intensive wave erosion prior to 
construction of the riprap sea wall. 



DB-10 
DB-8 

DB-6 

DB-2 
DB-4 

DB-7 

The effect of bluff environment, 
(hydrology, height and aspect) on 
masswasting processes is 
observed at Double Bluff Point, 
WA.   
 
Composition also plays a 
significant role in the nature of the 
masswasting process along the 
beach. 
   



Double Bluff Topographic Profile A-A'
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The southwesterly point of Double Bluff retains near vertical slope because of 
the competence of the underlying compacted glacial till.  Note the till boulder 
armor protecting the toe of the slope 



Types of Masswasting Processes on Whidbey 
Island Slopes 
 
1. Creep 

2.  Raveling of unconsolidated sediment 
 
3.  Shallow-seated colluvial landslides or debris avalanches 
 
4.  Rotational landslides (slumps)  
 
5.  Block failure (topple or fall) 
 
6.  Large-rotational landslide complexes   



Colluvium moves slowly (cm/year) down slopes dominated by creep processes.  
Movement is facilitated by expansion and contraction of the upper substrate by 
freeze-thaw or shrink-swell processes.   



Slopes dominated by creep processes remain relatively stable over extended time 
intervals. Trees may have be “hockey stick” shaped at their base, as they grow upward 
towards the sunlight while the underlying substrate is slowly moving down slope.    



Creep slopes will be continuously vegetated.  The vegetation cover 
enhances the stability by reduding the infiltration rate, intercepting 
precipitation, reducing water on the slope by transpiration, and improving 
internal cohesion with the root mat. 

East Holmes Harbor 



Poorly consolidated deposits, such as glaciofluvial sands and gravels tend to 
erode primarily by raveling.   Failure tends to initiate at the toe of slope due to 
wave undercutting and then gradually propagate up slope.  Slopes retain angles 
near their angle of repose (~32°) for dry sand and steeper when damp.   

Double Bluff Point, Whidbey Island 

32° 



Vashon Till 

Raveling occurs where loose, unconsolidated sediment is being eroded rapidly 
so that vegetation does not become established on the slope, such as east 
Double Bluff Point.  Note the lag of till boulders deposited on the wave-cut 
platform as the slope profile regressed over time. 



Block failure is common within coherent geologic units such as glacial till of 
gmd.  As basal support is undermined by wave erosion, failures tend to occur 
along joints or tension cracks that form parallel to the bluff face.  Failures tend to 
be < 3 feet thick.  Note the damage to drainfield in the top center of the image.  
Bluff located off of Ebey Road, Coupeville, WA.   





Much of the recent landslide activity observed along the bluff slopes east of Langley, WA appear to 
be restricted to mass movement of shallow colluvium overlying the compacted glacial and non-
glacial units.  Colluvial landslides of this type tend to be shallow-seated, episodic, and in most 
cases, do not pose a major threat to the upslope properties, providing an adequate bluff setback is 
established.   



Lidar image of Langely 
WA and surrounding area. 
 
The underlying substrate 
geology and surface 
morphology plays an important 
role in landslide activity along 
the surrounding bluffs. 
 
 
Note the significance of the 
post-glacial sapping channels 
and their related fan-deltas to 
the stratigraphy and hydrology 
of the bluff profile.  



Shallow landslides, such as the one shown above near Langley, WA,  are the 
most common landslides observed on steep bluff slopes around the Sound.  
The overlying soil or regolith is subject to failure following long duration or 
intense precipitation events.   Wave erosion during major wind storms, coupled 
with high tides, can also initiate failure, as the slope becomes over-steepened. 



Cross-section of the Edgecliff Drive bluff profile, east of 
Langley WA. 



The thickness of the colluvium displaced by a recent landslide east of Langley, 
WA ranged between 2 to 5 feet thick (shown by double white arrow). 
 



Recent landslide activity below Camano Avenue was likely initiated by saturation of 
the overlying colluvium. Failure of the lower slope cause the upper slope to retreat to 
maintain its angle of repose.  

glacial-fan deposits 
(unconsolidated sands, permeable) 

Ice-proximal flow till 
(compacted, impermeable) 



The lower section of the Camano Avenue bluff slope is underlain 
by compacted ice-proximal flow till, which has low a low 
permeability.  



Following periods of intense or long duration precipitation the colluvium, which 
overlies the compacted glacial till, may become saturated and hydrostatic 
pressure within interstitial void spaces increases and cohesion is reduced, 
resulting in slope failure.    



The displaced colluvium is shallow (2-3 feet thick), but over repeated 
cycles can cause the upper slope’s bluffline to retreat.  Note that 
vegetation root mass can move with the saturated colluvium. 



MP-2 

Maple Point and Scatchet Head, WA 



Whidbey Formation���
(interlayered alluvial silts and fine sands) 

Vashon Till 

At Maple Point the residual boulders were eroded from a 20 to 30 foot thick section of 
Vashon Till, which unconformably overlies the interglacial units.  Landslide activity is 
initiated by wave erosion and occurs as debris avalanches or reworked mud flows 
when the colluvium is saturated.  These slides tend to be shallow-seated. 



Scarp is roughly 3 
feet deep 

Bluff retreat rate is ~ 3 feet /30 yr 

Age of vegetation 
growing on bluff is ~30 
year old mature alder 

An estimate of bluff retreat can be calculated using the the 
average age structure of vegetation growing on the bluff and 
dividing it by the depth of the slide scarp.  



PP-4 
PP-3 PP-2 PP-1 

Deep-seated landslides are 
infrequent, but can be 
devastating to shoreline 
properties and residences. 
 
There cause(s) are complex. 
 



PP-2!

Possession Sound 

At Possession Point the residual till boulders were eroded from large 
landslide blocks comprised of thick (>50 feet), repeating sequences of 

the Vashon Till. Slide blocks are shown with red arrows.  The major 
escarpment is shown with a dashed red line.   

29 m from toe of bluff 



At ~4:00 am PDT on March 27th, 2013 a large rotational landslide displaced 
over 200,000 cubic yards of colluvium into the Puget Sound.  This landslide, 
while not unexpected in a geologic time frame was unexpected to the 
Ledgewood Beach community.  



ice proximal flow tiills 
(glacial marine environment) 

The recent rotational landslide 
activity on the Ledgewood Beach 
complex represents only a small 
portion of entire length of the 
erosional escarpment, which may 
have been active for the past 5-6  
thousand years (since sea level 
reached its near present level).   



The landslide displaced coherent 
blocks of till and glacial marine drift 
along the rotational slide plane. 
 
 
Fortunately there  were no fatalities or 
injuries.  To date, several homes have 
been red-tagged and several others are 
being further studied. 



The beach and shoreline was rotated 
and uplifted ~25-30 feet above the 
modern shoreline. 
 
The slip plane appears to have failed 
along clay-rich glacial marine 
sediment.  The stonely clays were 
sheared upward during the rotation.  



The cause of this landslide is still being determined.  It is likely due to a 
combination of factors including groundwater hydrology, strength and internal 
properties of the gmd clay, and removal of buttressing by shoreline processes.  
Devin Bedard, my graduate student at UW, will be completing his MS on this 
project.  

Everyone get’s their 15 minutes of fame in life.  For a 
geologist it ususally takes a disaster! 



Slope Remediation Techniques.  

•  Bio-Engineering  
•  Siphon Drains 
•  Reinforced Walls 
•  Avoidance 

Factor of Safety (Fs): relationship between the 
driving (downslope) and resisting forces. 

Fs = S/τ  =  C+(γsd cos α - γwh) tanφ	


                          γsd sin α	


Where  	
S = shear strength	

	
τ = shear stress	

	
C=effective cohesion of material	

	
γs = unit weight per vol. of material	

	
d = thickness of material above 	
	

	
slide plane	

	
α = angle of slope in degrees	

	
 γw = unit weight of water	

	
h = hydraulic head at the slide	


  	
plane (distance of slide plane below water 
table)	


	
φ =angle of internal friction 



Bio-Engineering 
•  Definition 

–  The use of vegetation in 
concert with engineering 
structures to prevent mass 
wasting. 

•  How it works 
–  Plant material increases 

soil strength with root 
tensile strength, buttressing 
and arching. 

–  As plants mature, they 
increase in strength and 
provide increased 
resistance to natural forces 



Slope Mitigation Techniques 

Mulching and Adding Groundcover 
Mulch protects against rain and wind, and reduces loss of soil 

moisture during extended dry periods. 



Siphon and Horizontal Drains 
•  Wells are inserted in a 

vertical or inclined borehole 
in or above the unstable 
zone of a slope. 

•  The wells are pumped using 
a siphon drain driven by the 
elevation drop in the slope. 

•  The wells reduce the pore 
pressure in the slope 
increasing the effective 
stress and stabilizing the 
slope. 



Dewatering Wells 



•  Terraces (reduce slope angle) 

•  Walls- soil, timber, rock, gabians,  
      metal, concrete, shotcrete 

 



Reinforced Walls 

 Gabions 
•  Stones wrapped in 

wire-mesh cube. 
•  Often “tailed” or 

tied back to 
supports. 

Soil nailing 
•  A faced wall 

attached to non-fill 
soil or rock behind 
the wall. 



SLOPE MITIGATION 
TECHNIQUES 

Shotcrete: reinforces the strength of the rock face. 

Drape Mesh: reinforces the strength of the rock 
face. 



Avoidance 
•  Avoiding Direct Conflict With 

Unstable Slopes Should Be a 
Priority 

•  Bored Pilings 
–  Foundations and roadways can 

be elevated on non-contiguous 
structures 

–  Pilings are preferable only in 
certain conditions and are not a 
guarantee of safety 

•  Site Selection 
–  Choosing a site based on a 

sophisticated understanding of 
the surrounding conditions 
makes the most sense 


