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Act 1: What am | looking at?

Introduction to INSAR: what it is, where it
wor ks, and where it doesnd wor k

Act 2: Who cares?

Magma migration at supposedly dormant
volcanoes

Act 3: No, really: who cares?

dSilent 0 eart hquakes triggering real
earthquakes
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Where Iin the world am 1?

mTeheran

IRAN
Aviagnit ude 6.6 earthquake: 26 December 2003 in Bam, | ran % Corces
: | (mBam

AArid and mount ainous region wit h frequent earthquakes
(collision between Arabian and Eurasian plates)

\$
From: Farsinet.com

APr eviously unmapped f ault
(right -lateral strike -slip)

10 km

e —
Landsat satellite image from 1999, from
Interferoaram courtesyv of Yuri Fialko Funning et al., 2005




Where in the world am 1?

ACity of ~80,000 people -- about 80% of the city destroyed
~30,000 casualties, mostly from collapse of mud roofs
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2,000(?) year
old citadel
destroyed by
earthquake

From: FEMA



What am | looking at?

AEach fringe: contour of ground deformation in direction of satellite radar beam
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AEach scene:
A0 meters per pixel
A00& of km per image
AResolve deformation ~mm/year
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AThis example:
AFrom European space Agency
Envisat satellite (5.6 cm radar
wavelength)

AEach fringe is 2.8 cm of
deformation




Intro to INSAR: How does it work?

ATwo Radar images from space:

Data is complex: has amplitude and
phase

APhase change between images depends
on several factors that must be
removed before measuring deformation

1999/05/26
AmpluTude Phase

Wright, 2002

path differenceresults
in phase shift
1

.
(a) phase change from geometry (b) phase change from deformation

Interferogram Orbital effects removed Topography removed

1999/04/21
Amplu’rude Phase

Courtesy Rowena Lohman




Visualizing 3D deformation in a 1D interferogram

AStep 1: Fault motion produces 3D def ormation field

displacement (m)

. , : : PR, Both images:
AStep 2: Project 3D def ormation onto satellite radar line-of -sight Funning et al., 2005
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Reconstructiong the full 3D deformation field

AUse interferograms

AZO, cm, desc. orbit
from different satellite T

look directions ' o -40:20.0) 2‘“3
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Fialko et al., 2005




Who cares? What have we learned about earthquakes?

1) Shallow slip deficit

ATo be released in
future earthquakes?
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AT o be released
aseismically?

MResult of bulk

Inelastic failure?

(e.g., numerous small
faults instead of 1 big one?)

2) Earthquakes mislocated up to
30-50 km by global seismic networks

Mw 5.3 earthquake in southern Iran
From: Lohman and Simons, 2005

3) Power-law viscoelastic and poroelastic response to sudden slip

4) Slow (aseismic slip) triggering earthquakes

(e.g., Act 3 of this talk)
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Antartica ice stream velocities

Dond care about earthquakes? :
from InSAR/feature tracking

Some of | NSAR® ot her greatest hits
Also: glacier speed -up in
The Ups and downs of Las Vegas Greenland: Implications for sea -
(From Groundwater Pumping) level rise

The northeast subsidence bovd
Is bounded on the southeastby |
the Eglington fault

& This central subsidence zone From: Bamber et al., 2000

> follows the general trend of |
) GEADe saveral surface faults. Lost Hills

46 B Homd Lost Hills, CA Oil Field

subsidence
Fielding et al., 1998

Lost Hills W-E (CA-46) subsidence profile

A

range change (mm/day)

From: Amelung et al., 2000 \ . distance (km)

Map area =™




INSAR: practical considerations

1) Data availability : None of these opimized for INSAR!

Past: European (ERS-1/2; 5.6 cm ); Japanese ( JERS; 24 cm)

Present: European (Envisat; 5.6 cm ); Canadian (RADARSAT-1; 5.6 cm); Japanese ( ALOS; 24 cm)
Future: Canadian RADARSAT-2; 5.6 cm);

Repeating passes every 20 -30 days; more frequent for special orbits

Data not acquired during every overflight; can be expensive $100 -1000& per scene

2) Orbit control _: Need repeat passes within few 1008 m

3) Atmospheric effects _ : Not always water vapor
measurements to remove this effect  --
can use multiple acquisitions to reduce this effect

4) Wavelength : Prefer longer wavelength
to penetrate vegetation

Lee waves east of the Andean
Western Cordillera




Comparing radar wavelengths at Hawalii

Interferograms

Correlation maps
a) C-Band A =5.6cm b) L-Band A =24 cm a) C-Band A =5.6cm b) L-Band A =24 cm
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1 Vegetation 0
1 Cycle of Interferometric Phase

From: Rosen et al., 1996

All images from Space Shuttle (SIR -C) span Apr-Oct



C- band COherence Mean annual precipitatio : '

from: Montgomery et al., 2001
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Uncovering the hidden lives of volcanic arcs

A A few volcanoes are obviously active

1999 Eruption of
Kliuchevskoi volcano,
Kamchatka

Photo by: A. Logan

oA
A3~ " Upper crustal
m agmac hdnl bCr

Upper crust

Magma conduit Sl

A é But some appear dormant and ar end | Lowercrustl

magma chamber

~30km

South Sister, Oregon
From: Wicks et al., 2001

From: Hill et al., 2002

A Surface deformation exposes subsurface magma movements



Why expose volcanoesohidden lives?

1) Hazard:
Understanding eruptive threat

Can surface deformation be
used to predict eruptions?

- Only rarely 6 need to establish
case history at each volcano

Airplane routes,
From: USGS

Gain a more complete picture of volcano life cycle
What really happens during long repose times?

2) What are the rates of magmatism in different areas?

Separate rate of intrusion and extrusion:
Example: Hawaii and Iceland. Same output, but maybe different inputs

Why do rates of magmatism vary within arcs and between arcs?



Volcano personalities

A Different volcanoes have different behaviors
0 Deformation and no eruption: e.g. Long Valley caldera
0 Eruption and no deformation: e.g. Lascar, Chile (this study)
0 Deformation and eruption:
A Pattern: pre -eruptive inflation, co -eruptive deflation, post -eruptive inflation
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Dvorak and Dzurisin, 1997

From: J. D. Griggs



Lazufre: An intrusion without a volcano?

AClear lava flows at
Lastarria é

A& But nothing in
bet ween d_azuf red

AClear lava flows at
Cordon del Azufre




2002

Lastarriafumaroles in é

Photo by M. Simons

Photo by J. Naranjo

Late 19803

No fumaroles
at Lazufre

Photo by M. Simons



