2014 Oso Slide
The last 45,000 Years:

Our
Observations @m@}/@:mr@m Thoughts
On The
Geology and Failure Development/Causes

Part 1: Laying the Groundworlk



What, When, and Where:

Saturday, March 22, 2014
around 10:37AM

Lasted Approximately 2 Minutes

Largest Slide Disaster in US History %,

{%O /Oso
Killed 43 People v
§ 71.5 M in Settlements: Seattle /

State $ 60 M, Grandy Lake $ 11.5 M, SnoCo $ 0

Portland
Scale: 1: 7,500,000
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https://www.youtube.com/watch?v=UUFByAwcGs0&t=14s


















Why Did This Happen?

The day after the event, some journalists (in newspapers,
radio, and TV) started implying that this disaster was related

at least in part to an 8.5-acre clearcut performed 9 years prior
to the event.

The regulatory bodies (DNR, Board of Forestry) have publicly
reviewed and changed their guidelines for slope stability
assessments for timber harvest in the wake of the disaster.
This is clearly an attempt to do SOMETHING. The public has
perceived this as a tacit acknowledgement (implication) that
forestry issues were indeed a significant part of the problem.



What Everybody “Knows”:

° [ce ages happened.

o Glaciers deposited stuff.

o Glaciers melted.

° Rivers eroded stuff.

° Landslicles happened.

* Loggers came.

o More landslides happened.

* Loggers came again.

* Oso happened (because of the logging...?)



So First, Let’s Look at that CLEARCUT

+/- 8.5 Acres









“Conventional Wiscdom"”
Basec on Assumptions:

1. Groundwater Flow to SE (Toward Slide)

N\

2. Precipitation on Bench Recharges Entire Soil Column



The State’s Experts Needed Actual Information



Actual Groundwater Flow to ENE anc ESE:

12/31/15 Groundwater Elevations of Perched(!) Water

on Aquitard +/- 120 — 130’ Below Top of Bench
or 470 — 480’ Above River Level



Photo 3-24-14, Courtesy King County Sheriff



3/25/14 Photo Courtesy Snohomish County



3/25/14 Photo Courtesy Snohomish County



Several Lines of Evidence Eliminate 2004 Clearcut as Cause



What the Chronology Should be:

* Ice ages happened.

e Glaciers deposited stuff.

e Glaciers melted

e Landslides happened

* Rivers eroded stuff
 More landslides happened
* Loggers came.

* Houses were built

 More landslides happened
 More houses were built

* Oso happened



Geologic Evidence
Origin and Early History of the Deposits

How 600+ Feet of Ice-Age Soil arrived at this Spot Between 45,000 and 13,000 Years Ago









As usual, the devil is in the details!
Maybe lllumination Also?



lce Sheets 24,000 to 13,000 YBP:
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Whitman Bench is no Accident!

o Whitman Bench is located at this spot due to complex
interaction of several different glaciers or glacial lobes.

o All glacial lobes were contributing sediment to this area

° Due to UNUSUAL converging ice flow directions, ice flow
across the site was minor.

o This resulted in minimal glacial erosion, preserving
significant portions of the uncemented sediments
comprising the 600’-high benches.



Whitman Bench Stratigraphy (GEER, 7/22/14)

If only it were THAT SIMPLE!









UNIT THICKNESS UPPER CONTACT ELEV.

RECESSIONAL OUTWASH (deposited during deglaciation): 67-134 Surface (832 — 892)
Sand and Gravel (Includes Basal Silt)

TILL COMPLEX: Discontinuous 0-130"+ 733.5-771
Lodgment Till
Deformation Till
Flow Till
In some borings contains sections of stratified Silt, Sand, and Gravel

ADVANCE OUTWASH (deposited prior to the ice covering the site) 7 — 188’ 660 — 688’
Mostly dark gray Silt/Silty Sand in thick Eastern Portion of Head-scarp
Gravel Delta with Flow Tills in Central Portion of Head-scarp
Ice-Contact Coarse Sand/Pebble Delta in West Portion of Head-scarp

BEAR LAKE RHYTHMITES 75 —-300"+ 400 — 653.5’
Rhythmically Bedded (1/16” — %4”) Silt/Clay Couplets
BEAR LAKE SAND 90+ 313 — 325’

Very fine- to Coarse-grained, Poorly Graded Sand
Occasional Silt/Clay Rhythmite Interbeds



Bear Lake Sandal



Next Photo






Failure Surface

Bear Lake Sand (Oldest Unit at the Site)






Failure Surface

—



Over-consolidated, Sheared Silt/Clay Rhythmite Interbed



Bear Lake Sand



Bear Lake Sand Summary:



Moraine-Dammed Lake?

Problems:

1. NF Stillaguamish is a powerful river and would have eroded a moraine
dam relatively fast.

2. Silt/Clay Interbeds indicate fluctuating lake level during Bear Lake Sand time.



Landslide-Dammed Lake?

Problems:
1. NF Valley would have been +/- 3 miles wide.

2. Fluctuating lake level can’t be explained.



lce-Dammed Lake?
Option A: Dammed by Puget Lobe Arm extending into NF Valley

Problem: If Bear Lake Sand is +/- 45,000 yrs old, there was no Puget Lobe

Option B: Dammed by Local Glacier.

Problem: None?



Bear Lake Sand Deposition

Rock Knob Anchor










Bear Lake Rhythmites



Slide Deposit

Bear Lake Rhythmites

Bear Lake Sand



Failure Surface



Failure Surface

N

Bear Lake Rhythmites
(Lowermost Portion)



Bear Lake Rhythmites
Standard Penetration Test, EB-07, 78-80"



Bear Lake Rhythmites
Dames and Moore Sampler (2.5” ID)

\ _—

Note Thickness of Individual Laminae Smaller than Color Banding

™~



Bear Lake Rhythmite Deposition






Advance Outwash



Advance Outwash Sandy Silt
Failing over BLR
East Margin, April 2016



Next Photo
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Advance Outwash
Laminated VFG Sand w/Silt
in Failure Block near Center of Slide



Advance Outwash
Laminated Sand



Advance Outwash
Center of Headscarp

+/-130’ Recessional Outwash

Till Till



Recessional Qutwash

Till
Sand & Gravel

Advance Outwash
Central Head-scarp

FIOW T||| /: Fore-set BedS Dlp

Into Head-scarp (NW)




Next Photo



Advance Outwash
lce-Contact Stratified Drift

(Sand & Gravel)
West Margin



Advance Outwash Summary



BC-Sourced

o Advance Outwash

All Glacial Lobes Advance Toward Site
Deposition of Dark Silt and Fine Sand In East
Sandy, light-colored Gravel in Northwest
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Lodgment Till Block in
Talus Beneath Head-scarp

Note Subdued Darker Cobble/Boulder Colors



Next Photo
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Skadulgwas Peak

Lodgment and Flow Till in Eastern Headscarp

e (100°+)

Head-scarp Collapse

/ Till Blocks

T CME 850 & Excavator






Lodgment Till Core in EB-02






Flame Structures in Deformation Till in
Bear Lake Rhythmites
EB-07 (64-66")



Over-consolidated, Sheared Silt/Clay Rhythmite Interbed. Deformation Till



“Kissing Glaciers”

Deposition at the Site All But Ceases Q!‘
Some Glacial Scour of Sediments Starts
aaq ° ° op
In Central Portion of Valley GIaG!aI Gr!dIQGk

The Melting Pot






Glacial Maximum (18K to 14K Years Ago):
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15t Recessional Phase:
Collapse of Local lce Caps

Lake Re-Forms









2nd Recessional Phase:
Outwash Over Dead Ice and in Low Areas.






Recessional Outwash

Mostly Tan to Orange
Sand with Light-Colored
Pebbles and Cobbles



Recessional Outwash

Most Cobbles Light-colored:
Sourced in BC



Recessional Outwash

Often Covered in Forest Floor



Recessional Outwash

Extended Forest Floor and Transported Alders



Recessional Outwash in Central Head-scarp



Hopetully,
You Now Have Some Understanding
of the Origin and Characteristics
of the Sediments.




WHY DID YOU NEED TO KNOW THIS?

> Witho
> If you cannot determine reasons, you C&
> If you don’t know what went wrong,
You cannot know if, where, and why it might happen again.
You cannot develop effective guidelines for this and similar sites.

You cannot assign or refute blame as appropriate.



IN PART 2 WIE WILLS

> Find out What Happ
Along with Some of the Evidence fol

> Find out What’s Happened Since.

> Discuss Ramifications?



PART 2:
And Now we Diverge

From Another Dominant Paradigm



The Dominant Paradigm






1 Million Cubic Yards of Material Per Year Would Have to be
Eroded Just from This 10-Mile Section of the NF Valley for
13,000 Years to Create the Valley.

But wait, There’s More!



This Means 5 = 10 Million Cubic Yards
per Year Must be Removed from
10-Mile Stretch
(from +/- 13,000 to 11,692 YBP).

But There is Another Way!



Location of Photo on Next Slide



/ Horizontal Outwash

Less Rotated Outwash

Rotated Outwash \ .
Rotated Till

Till Block Jumble/Dipping & Horizontal Outwash
Conundrum









(b)









/ Horizontal Outwash

Less Rotated Outwash

Rotated Out h/ \
B Rotated Till















Old Surface of Rupture at
Base of Remaining
Mid-Slope Bench Block,
West Margin









Surface of Rupture 2014 Failure



Whitman bench

Mid-Slope Bench ——— |

/

2006 Photo Courtesy Bucky Tart

























































Surface of Rupture






Whitman bench

Mid-Slope Bench ——— |

/

2006 Photo Courtesy Bucky Tart






2003 LiDAR



2006 LiDAR






2013 LiDAR



















































4/29/2014
Photo Courtesy Tom Badger
(Formerly WSDOT)





















4/1/14



2018

River Has Moved NW a Maximum of 175" in 4 Years



IN SUMMARYs

>

U — C

» There were Two Larger Eve
> Slides of the last 100 Years Unloaded the Toe of the
» There is no Evidence that Human Activity Contributed to the Oso Slide.

» The March 22, 2014 Event Unfolded in 4 Phases:
» M-1 Minor Sliding of 2006 Slide Debris
> M-2 Reactivation of Ice-Age P-2

» M-3 Response of Previously Stable Portion of Kame Terrace (Whitman Bench
> M-4 Head Scarp Collapse.



RECOMMENDATIONS:

» Conduct Boots-on-the-Ground Asses
(DNR is apparently planning to do this in a limited fashic

> Form a Consortium of Stake Holders (Including Government Regulators, Tree Farmers,
and Environmental Groups) to Devise Strategies to Address/Assess the Dominant /

Paradigm that “Logging Causes Landslides”. This idea, which started in the 1930s or
before, is counterproductive for all interests as it implies that everyone would be “safg
but for logging.” | realize that the rule-making process was structured somewhat
similarly to this idea, but it did not involve actual investigations.

> No Worries for Oregonians of the same thing happening! Oregonians can instead worry
about garden-variety non-glacial landslides (some bigger than Oso) and debris flows.
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