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Volcano Hazard: Definition

=» Products and/or events related to a volcano with the
potential to cause damage/economic loss or casualties
(eruption not required)

=» Characterizing hazard includes determining:

a)
b)
C)
d)
e)

\

)
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How long will it last (e.g., duration of ash production)

Spatial extent (e.g., define areas with elevated CO,)

Nature of event (e.g., lahar vs. pyroclastic flow)

Nature of onset (e.g., time between start of unrest and eruption)
Likelihood of future occurrences

2 USGS



Volcano Hazard: Definition

Natural Hazard

Potential catastrophic
and chronic events

« Past recurrence intervals
* Future probability

» Speed of onset

* Magnitude

* Duration

* Spatial extent

Vulnerable System

Exposure, sensitivity
and adaptive capacity of:

« Population
Economy
Land use and development
Infrastructure and facilities
* Cultural assets
* Ecosystem goods and services
Ability, resources, and will to:
 Mitigate « Respond
* Prepare * Recover

Wood, 2011, http://pubs.usgs.gov/fs/2011/3008/




NVEWS: US Volcano Threat (risk) Assessment

Table 6. Results of MY Waig
-+ subtraciing ue of the current monitoring rom the reguired monitoring

« c ” | Threat grou rmﬁed: very high threat is d, high i= orange, maderate I,
Very ngh Threat X ¥ y highlighting indicates volcanoes that currently are
US Volcanoes est (as of April 2005).

Aviation- Required
Threat Threat Monitering Monitoring Monitoring
Volzano Score Score Lewel Level Gap

Hilau=a 43 324 4 4 Erupticn
5t Helens 267 4 4 Erupticn

From Ewert et al., 2005
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Volcano Hazard: Definition

=» Products and/or events related to a volcano with the
potential to cause damage/economic loss or casualties
(eruption not required)

Characterizing hazard includes determining:

a) How long will it last (e.g., duration of ash production)
b) Spatial extent (e.g., define areas with elevated CO,)
c) Nature of event (e.g., lahar vs. pyroclastic flow)
d) Nature of onset (e.g., time between start of unrest and eruption)
e) Likelihood of future occurrences
Geology Geology & Geophysics
a USGS



Eruption frequency: Improved knowledge
from geologic mapping

Published in 2000
Cascade Eruptions During The Past 4,000 Years

| Baker

| Glacier Pk. P4
| Rainier =
| St. Helens

| Adams
| Hood
| Jefferson

| Three Sisters
| Newberry
| Crater Lake
Medicine Lake __|
| Shasta
| Lassen

Pacific Ocean

2000
Years Ago

Myers, LISESCIAE, 2000 Modified from CIA5, 1994 LISES Spen—File Report S4-565




Eruption frequency: Improved knowledge
due to geologic mapping

[Pubiished in 2005
Eruptions in the Cascade Range During the Past 4,000 Years

a Mount Baker .:
Glacier Peak

Mount Rainier
Mount St. Helens
Mount Adams
Mount Hood

Mount Jefferson
Three Sisters
Newberry Volcano
Crater Lake

Medicine Lake Volcano
Mount Shasta
Lassen Peak
4,000 2,000 0
Years Ago 200

Eruption or period of multiple eruptions at or near named volcano




Eruption frequency: Improved knowledge
from geologic mapping

Simplified geology of
Mount Rainier volcano, Washington

[ post-Osceola collapse

[ 1e0-56ka [N

[ 1 180-280ka .
dikes
280 - 420 ka

] 420 - 500 ka

> 500 ka
|:| Tertiary Igneous &

USGS Metamorphic Rocks
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Sisson (pers communication, 2009)


Presenter
Presentation Notes
Shuttle photo fading to geologic map.  Point out age groups, point out ridge forming large lava flows.
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Eruption frequency: Improved knowledge
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from geologic mapping

late-Holocene Mount Rainier eruptions

\ possible small phreatic explosions in 1894 (no physical evidence)

@—— possible small magmatic eruption leading to lahar, no lava flows
(link to Electron Mudflow?7?)

@®——— pyrodlastic flow down the Emmons Glacier leading to ash in
upper White River and lahars, no lava flows

:}-— explosive magmatic eruptions producing TC1 and TC2 tephras
and lahars, no lava flows

one or two magmatic eruptions producing east summit crater lava flow
./_ and S8 tephra

plinian C tephra
o S6 phreatic and possibly phreatomagmatic tephras
high-Sr Emmons-Winthrop lava flows and S5 phreatomagmatic tephras
53-54 phreatomagmatic tephras, minor pumice,
South Puyallup pyroclastic flow, possible concealed lava flows
52 phreatomagmatic tephras, minor pumice, possible concealed lava flows
S1 phreatomagmatic tephras, minor pumice, possible concealed lava flows

DORMANT TO ~4000 ybp

From Sisson & Vallance, 2009


Presenter
Presentation Notes
Shuttle photo fading to geologic map.  Point out age groups, point out ridge forming large lava flows.


Magmatic system models & hazards

How are models of magmatic systems relevant to
understanding volcano hazards?

1) Give a geologic context in which to interpret signs and
symptoms of unrest (e.g., earthquakes, deformation,
degassing).

= Provides working hypotheses for interpreting unrest
= Reduces uncertainty during unrest
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Magmatic system models & hazards

ainier seismicity

Why are there
earthquakes at
Mount Rainier?

Depth (km)

& 1980-19085
#* 1985-1990
o 1990-1995
@ 19952000
o 2000-2005
@ 2005-2010
& 2010-2011

-121.8 -121.7 -121.6 -1215
Longitude
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Magmatic system models & hazards

Depth (km) ES
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USGS Moran et al., 2000


Presenter
Presentation Notes
Geotechnical modeling of the edifice predicts that the altered region on the upper west flank is the least stable (red, low relative stability).  Other high, steep slopes (north side - Willis Wall), are predicted to be of intermediate stability, but no large debris flows have been shed from the north side, at least in the Holocene.  These considerations signify that the upper west flank is the highest priority for slope stability modeling.


Magmatic system models & hazards

Fumaroles

Rainier edifice

Mount Rainier
Seismic/geologic
model

Depth (kin

Tatoosh Pluton A

Magmatic ks
fluids & gas Brittle-Ductile
Transition

Low velocity anomaly
(hot/altered country rock,
hot/partially molten
intrusive bodies)

modified from Moran et al., 2000
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Magmatic system models & hazards
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Rainier 20-Sep-2009 22:29:59 UT
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Magmatic system models & hazards

Swarm Events
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Magmatic system models & hazards

Fumaroles

Rainier edifice

Mount Rainier
Seismic/geologic
model

Depth (kin

Tatoosh Pluton A

Magmatic ks
fluids & gas Brittle-Ductile
Transition

Low velocity anomaly
(hot/altered country rock,
hot/partially molten
intrusive bodies)

modified from Moran et al., 2000
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Magmatic system models & hazards

SHEARNODLLUS G, Answer is model
dependent
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4 5 & 7
No vertical exaggeration SEISMIC VELOCITY 1,

IN KILOMETERS PER SECOND .
Mastin et al., 2008
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Magmatic system models & hazards

USGS

G.P. Waite, S.C. Moran / Journal of Volcanology and Geothermal Research 182 (2009) 113-122

%p

magma storage
zone

8 -6 -4 205052 4 6 8
% Vp relative to 1-D initial reference model

Waite and Moran, 2009
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Magmatic system models & hazards

How are models of magmatic systems relevant to
understanding volcano hazards?

1) Give a geologic context in which to interpret signs and
symptoms of unrest (e.g., earthquakes, deformation,
degassing).

= Provides working hypotheses for interpreting unrest
= Reduces uncertainty during unrest

2) Provide starting point for detecting short-term changes in near-
surface material properties (e.g., velocity, attenuation)

3) DeepLPs

USGS
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Magmatic system models & hazards

Mount St. Helens GPS data, 2004-2006 When will eruption end?
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TIME, IN YEARS
Lisowski et al., 2008

USGS
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