
Sediment supply in a 
muddy river draining a crumbly volcano

!ƭƭƛǎƻƴ tŦŜƛŦŦŜǊΣ ²ŜǎǘŜǊƴ ²ŀǎƘƛƴƎǘƻƴ ¦ƴƛǾŜǊǎƛǘȅ

{/н/ƭƛƳŀǘŜ 5ƛŀƭƻƎǳŜ {ŜǊƛŜǎ

WǳƴŜ нлнн

м



Land acknowledgement

2

bƻƻƪǎŀŎƪΣ [ƘŀǉϥǘŜƳƛǎƘό[ǳƳƳƛύΣ ŀƴŘ {ŀƘπƪǳπƳŞƘǳ ό{ŀǳƪπ{ǳƛŀǘǘƭŜύ



3

9Ř CƻǊŘƘŀƳΣ a{ ²²¦

!ƴŘȅ .ǳƴƴΣ ²²¦ 9ǎŎƛ

{ǘŜǇƘŜƴ bƻǾŀƪΣ ²²¦



Sediment contributions 
to the lower Salish Sea
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Upper Suiattle: major 
sed contributor to Skagit

WŀŜƎŜǊ Ŝǘ ŀƭΦ όнлмтύ



SuiattleRiver
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DŜƻƭƻƎƛŎ ŀƴŘ DŜƻƳƻǊǇƘƛŎ 
{ŜǘǘƛƴƎ

200 m of incision 
in ~5,500 years
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DŜƻƭƻƎƛŎ ŀƴŘ DŜƻƳƻǊǇƘƛŎ 
{ŜǘǘƛƴƎ

200 m of incision 
in ~5,500 years

>100 m incision

²Ƙȅ ǘƘŜ ŀƴƻƳŀƭƻǳǎƭȅ ƘƛƎƘ ǎŜŘƛƳŜƴǘ ƭƻŀŘΚ 
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>150 m incision

Glacier Peak
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>150 m incision

DƭŀŎƛŜǊ tŜŀƪ

WŀŜƎŜǊ Ŝǘ ŀƭΦ όнлмтύ

Sediment budget of Sauk River (2012-2016)

Mean annual SSL, thousand metric tons
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White Chuck + Suiattle Ą similar late-
Holocene geomorphic conditions

Modern Suiattle has much higher sediment 
yield. 
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Photo: Willhiteweb.com (WA Fire Lookouts)

{ŜǇǘŜƳōŜǊ мфор
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5ŜōǊƛǎ Ŧƭƻǿǎ ƛƴƛǘƛŀǘŜŘ ƛƴ ƭŀǘŜπмфолǎHow many major debris flows?
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Debris Flows9ǾƛŘŜƴŎŜŘ ōȅΥ

Dendrochronology

CƛǊŜ ǎǇƻǘǘŜǊ

IƛǎǘƻǊƛŎŀƭ ŀŎŎƻǳƴǘǎ

Aerial imagery

* Noted in the Literature

ϝ *ϝ * ϝ ϝ

(Ford, 1959) (Slaughter, 2004)           (Richardson, 1968)                     (Beget, 1981)        (Slaughter, 2004) (Slaughter, 2004)   (Jaeger et al., 2017)

Debris flows initiated in late-1930s

фΦо ȅǊ ƳŀȄƛƳǳƳ ǊŜŎǳǊǊŜƴŎŜ ƛƴǘŜǊǾŀƭ 
όƛƴǘŜǊπŜǾŜƴǘ ǘƛƳŜ ǊŀƴƎŜ н ǘƻ мс ȅǊǎύ

How many major debris flows?



aƛƴƻǊ ŘŜōǊƛǎ ŦƭƻǿǎΚ
2015 debris flow, and subsequent fall flushing noted by Jaeger (2017).
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5ŜōǊƛǎ Cƭƻǿ {ƛƎƴŀƭ
Å LƴŘŜǇŜƴŘŜƴǘ ƻŦ ǇǊŜŎƛǇŀƴŘ ŘƛǎŎƘŀǊƎŜ
Å {{[ ŘƻŜǎ ƴƻǘ ŎƘŀƴƎŜ ŘǊŀǎǘƛŎŀƭƭȅ

Winter Rainstorms
Å Discharge responds to precipevents
Å Minor increases in turbidity
Å (Anomalous sediment load depleted)

Cŀƭƭ CƭǳǎƘƛƴƎ
Å Cƻƭƭƻǿǎ ŘŜōǊƛǎ Ŧƭƻǿ ŜǾŜƴǘ
Å LƴŎǊŜŀǎŜŘ v ǊŜǎǳƭǘǎ ƛƴ ŘǊŀǎǘƛŎ ƧǳƳǇ ƛƴ {{[
Å tǊŜŎƛǇŘǊƛǾŜƴ

Minor debris flows?
нлмр ŘŜōǊƛǎ ŦƭƻǿΣ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ Ŧŀƭƭ ŦƭǳǎƘƛƴƎ ƴƻǘŜŘ ōȅ WŀŜƎŜǊ όнлмтύΦ



5ŜōǊƛǎ Ŧƭƻǿ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŦǊƻƳ ǘǳǊōƛŘƛǘȅ Řŀǘŀ

Minor debris flows in 5 of 7 
full years on record. 

Multiple events a year. 

USGS gauge on Sauk below Suiattle



5ŜōǊƛǎ Ŧƭƻǿ ǘǊƛƎƎŜǊΚ 
Iƻǘ ǎǳƳƳŜǊ Řŀȅǎ

Minor debris flows: 
hot summer days.

Historic accounts: 
fire spotter plane.  

Glacial outburst events. 



5ŜōǊƛǎ Ŧƭƻǿ ǘǊƛƎƎŜǊΚ 
Iƻǘ ǎǳƳƳŜǊ Řŀȅǎ

Minor debris flows: 
hot summer days.

Historic accounts: 
fire spotter plane.  

Glacial outburst events. 

²ŀƭŘŜǊŀƴŘ 5ǊƛŜŘƎŜǊόмффрύ 

{ƻǳǘƘ ¢ŀƘƻƳŀ DƭŀŎƛŜǊΣ aǘΦ wŀƛƴƛŜǊ



A conceptual model 
for debris flow 
sediment delivery

~10% mean annual SSL

Ϥмл҈ ƳŜŀƴ ŀƴƴǳŀƭ {{[ ~40% mean annual SSL

ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ƭƻŀŘ ŦǊƻƳ ŘƻǿƴǎǘǊŜŀƳ 
ǎƻǳǊŎŜǎΣ ǘǊƛōǳǘŀǊƛŜǎΣ ŜǘŎΦ



Abrasion: coarse volcanics disappear rapidly

bƻƴπǾŜǎƛŎǳƭŀǊ ǾƻƭŎŀƴƛŎ

±ŜǎƛŎǳƭŀǊ ǾƻƭŎŀƴƛŎ

Volcanic breccia

Plutonic

όaŜǘŀύǎŜŘƛƳŜƴǘŀǊȅ

Source material 

{ƻǳǊŎŜ ƳŀǘŜǊƛŀƭ ƛǎ ŀ ƳƛȄ ƻŦ ǾŜǎƛŎǳƭŀǊ 
ŀƴŘ ƴƻƴπǾŜǎƛŎǳƭŀǊ ǾƻƭŎŀƴƛŎǎΦ 

±ŜǎƛŎǳƭŀǊ ŀǊŜ ǿŜŀƪŜǊΦ 

vesicular
ƴƻƴπǾŜǎƛŎǳƭŀǊ

ƻǳǘ ǘƘƛǎ ǿŜŜƪΗ



A conceptual model 
for debris flow 
sediment delivery

~10% mean annual SSL

Ϥмл҈ ƳŜŀƴ ŀƴƴǳŀƭ {{[ ~40% mean annual SSL

ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ƭƻŀŘ ŦǊƻƳ ŘƻǿƴǎǘǊŜŀƳ 
ǎƻǳǊŎŜǎΣ ǘǊƛōǳǘŀǊƛŜǎΣ ŜǘŎΦ



Major debris flows initiated ~1940, many events since. 

Minor dfscommon, preferentially on hot days (as w/major). 

SSL elevated across timescales. 
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