Monitoring the Active
Cascade Volcanoes

Particularly Mount Rainier & Mount St. Helens

Steve Malone, Professor Emeritus
Department of Earth & Space Sciences
ex-Director, Pacific Northwest Seismograph Network
University of Washington

Eruptions in the Cascade Range During the Past 4,000 Years

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

2,000

Years Ago
E Eruption or period of multiple eruptions at or near named volcano

“Mount St. Helens is likely to erupt before the end of the
century” - Crandall & others, 1975
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Eruption Prediction

® Tectonic setting
Long-range

® Volcano or rock type
Forecasts

® Historical record

® Precursors

Examples from from Mount St. Helens
Brief summary of two other Cascade Volcanoes

Subduction of oceanic plate beneath
North America

Precursory seismicity compared to
repose time at Mount St. Helens

Post-collapse @ -
. explosions
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Comparing Seismicity at Cascade
Volcanoes

Relative Seismicity at Cascade Volcanos
St. Helens
Mount Rainier «—

Lassen Peak
Medicine Lake
Glacier Peak

Mount Baker

Mount Shasta
=== Mount Hood
== Mount Adams
= Mount Jefferson
= Crater Lake
I Three Sisters
b+ Newberry

Most Dangerous

S0 100
Normalized # events M>1 per year

Mount St. Helens - May 18, 1980 o
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Monitoring techniques used to track
Volcanic Activity

ground
deformation geophysical
measurements.

e July 22, 1980



MSH seismicity, 1980-2004

“information
statement”
released

Depth (km)
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changes 20 eruptions

1980-86

1980

15,303 located eqs through 09/2004

High Precision relocation of 380 well recorded
earthquakes )
Cross sections
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Musumeci, et. al.,
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ALSO re-pressurizing




Ellipsoidal models that fit

MSH 2004-2005 geodetic data E Sti m ati n g dVC

B Geodetic data
3.42-20 km depth

RADIAL DISPLACEMENT,
IN MILLIMETERS
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DISTANCE FROM SOURCE, IN KILOMETERS

* 1.8 mm shortening
=~10-50M m3 volume loss

» Erupted volume on - '
5/18/80=~200-400M m?3 WS 2004-200 geodetic data

‘ -3 ! View from
FLIR - Forward Looking Infrared - Pe - ey the north

July 27, 2006

Petrology — what’s coming out is crystal-

rich (mostly solid) dacite Ground deformation - Photogrammetry
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Computer age — data processing & storage

1980

- 64 Kbytes a big deal
(average event size)

- Maunal processing with
computer help

- 64 Kbytes not even a rounding error
(event file 2-5Mb)

- Automatic processing with manual
verification
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Low-frequency'earthquakes?
Glacier naisés, surface events

Orting \ +

Precise relocation of Mount Hood
earthquakes suggests tectonic
origins

J. Jones (200




Recent
Seismicity

Data Analysis

Double-difference earthquake relocation
The resulting change in hypocenters can be quite spectacular
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* From 1980 through s
2002, the PNSN

recorded over 900
microearthquakes

(M, <3.5) near Mount  sww
Hood.

Mount Hood

* Three-fourths of these
events occurred after a5 wor .
January 1, 1997. ° Mag

* No low-frequency
events or tremors.
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Prediction:
Based on current seismicity, NO

Cascade volcano will erupt in the
next two weeks, and probably not
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