
Steep Slopes on Puget Sound

Presented by:
Wendy J Gerstel
Qwg Applied Geology
Olympia, WA 

October 5, 2017
Lacey Community Center 

The Geology of 
Landslides

Sponsored by:



Field trip Focus Areas #1 (left) and #2 (right)
Tolmie SP east to Butterball Cove, Thurston Co

WA Dept of Ecology shoreline oblique 



1998

Morning field trip Focus Area #1 – note bulkhead 
visible in 1998,  since buried by landslide deposits
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Morning field trip 
Focus Area #1



Guidance documents
• Marine Shoreline Design Guidelines
• Shore Friendly Program
• Green Shores for Homes Program
• SMPs
• Other – BC, Maine…
• Governor’s Joint SR 530 Landslide Commission 

Report



Photo by Sound  Native Plants 

Photo by J. Brennan





Low bank, low-gradient, deep-seated 
slope instability IS part of presentation





Walsh, et al., 1987

Dragovich, et al., 2002



Matanuska Glacier, Alaska

Glaciers contributed sediment into Puget Sound



Dave Tucker, 2015 (book cover) 

Volcanoes contributed sediment into Puget Sound



cobbles

Cobbles



Sand and gravel



Silt and clay



Glacial till



https://www.spec2000.net/text107fp/comp2.jpg



“Borrowed” from Ben Alexander 
Sound Native Plants

Relative Permeability
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Factor of 
Safety

=
Resisting Forces

Driving Forces • Sediment strength properties 
(weak zones within/between layers)

• Pore water (saturation=buoyancy)
• Slope gradient (steep=gravity 

overcomes friction)
• Excavation toe of slope (+steep)
• Weight added top of slope
• Trees (weight)

• Sediment strength properties 
(cohesion, internal friction)

• Slope gradient (gentle=gravity 
contributes to friction)

• Weight at toe (buttress)
• Trees (weight; ET/interception)
• Root strength



Forces acting at a 
point on a potential 
slide surface

Potential slide 
surface/zone

Shear strength (S) Water 
pressure (µ)

Shear stress (τ)

Normal 
stress (σ)

Gravitational 
stress (g)

Resisting Forces
_________________

Driving Forces
> 1 =  no movement < 1 =  movement

(friction and cohesion)



Landslide Triggers

• Undercutting slope toe = over-steepening, de-
buttressing 

• “Loading” slope/slide head
• Adding water
• Loosing cohesion

 Site history





From SR 530 
Landslide 
Commission 
Report to Gov. 
Inslee; 2014



Tulalip Reservation
landslide characterization and inventory

and



Kitsap County shoreline mapping



Morning field trip 
Focus Area #1 - ~2013



Morning field trip Focus Area #2



Another example for discussion: 
Hunter Pt. area Thurston Co



Example for discussion: Hunter Pt. area Thurston Co. deep-seated landslide with recurring activity. 
House center of photo permitted conditionally with thick foundation walls. Note linear string of lo  
piles possibly delineating limits of earlier landslide toe position.  Bulkhead on left now disrupted b  
post-construction movement of landslide in that area. Section between bulkheads recently armore  
(after this photo.)

Although not perceived as the classic high-bank ‘feeder bluff’, this large landform (see lidar) provid  
chronic delivery of fine sediment.  



Another example for discussion: 
Hunger Pt. area Thurston Co



Low bank sediments exposed in Hunter Pt. area 
discussion example, Thurston Co



Hunter Pt. area, Thurston Co.; Geologic and shoreline information available on line 
at Wash. Depts. Of Ecology and Natural Resourrces



Yorkshire Dales example of 
creative surface water 

management
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