Visualizing Relationships
Between Earthquakes,
Volcanoes, and Plate Tectonics




Activity Outcomes

Learners should be able to...

» Describe how the locations of earthquakes,
volcanoes, and velocity vectors from GPS
stations in the Western United States inform us
about plate boundary zones

» Describe and draw a velocity vector

* Analyze regional plate motion and crustal
deformation based on velocity vector maps

» Describe the difference between a plate
boundary and plate boundary zone



Part 1. Prepare Your Map for Study.

Go to: http://www.unavco.org/

Click on Map Tools, then EarthScope Voyager Jr.
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We challenge ourselves to transform human understanding of the changing Earth by

innovative technologies, open geodetic observations, and research, from pole to polg
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EarthScope Airborne LiDAR Data Products from California and
Washington State Released in January 2010

May 6, 2010

New EarthScope airborne LiDAR data products from California
and Washington state were announced in January 2010. With this
release, DEM tiles and KML files from all southem and easte:
California targets are now available, including faults in the Moj
(Lenwood, Helendale, Calico, Blackwater), eastern Cali

shortly. More

thrust belt in Washington are now available.
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COCONet Workshop: Community Science, Station Siting, and Capacity
Building

The Scientific Value of High-Rate, Low-Latency GPS Data; A White
Paper [PDF]

2010 Earthquake Event Responses
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Education and Outreach - Jules Verne Voyager Map Tools

Users can access a variety of maps, satellite images, and geophysical data for the earth. With
this Java-based tool, users can view a variety of base maps including satellite mosaics,
topography, geoid, sea-floor age, and strain rate. Because Jules Verne Vioyager generates a
map from the data for each request, this tool is appropriate for researchers and individuals
who have the time to wait for the server to generate the map and transmit it to the user.

Also i are geographic and geop | overlays such as political boundaries, rivers
and lakes, National Earthquake and Information Center earthquake and volcano locations,
stress axes, and observed and modeled plate motion and deformation velocity vectors
representing a compilation of 2933 geodetic measurements from around the world.

Jules Verne Voyager, Jr.
The Jules Verne Voyager, Jr. map tool is an interactive map tool that enables students and

scientists to better understand the relationships between geophysical and geological
processes, structures, and measurements with high-precision GPS data. The maps in this tool
are pre-made and served up through Javascript.

This tool is appropriate for large classes from middle school through introductory geoscience
to educational for middle/high school Earth Science

class from this site.

EarthScope Voyager, Jr.
EarthScope Voyager, Jr. has a similar structure to Ju

EarthScope specific data and links to information
interest to the EarthScope Project.

Verne Voyager, Jr., but has
ut some of the geographic regions of

The Global Strain Rate Map project was initiated in 1998 by the International Lithosphere
Program (ILP). Under the guidance of investigators W. Holt (wholt@ mantle.geo.sunysb.edu)
(SUNY Stony Brook) and J. Haines (Cambridge University) the first steps towards the
establishment of such a map have been made. A completed Global Strain Rate Map,
determined by combining GPS, seismological and netotectonic data, will provide a large
amount of information that is vital for our understanding of continental dynamics and for the
quantification of seismic hazards.




EarthScope Voyager, Jr.

Getting Oriented to the Map

Add velocities

Add a base map

Add feature(s)
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Getting Oriented to the Map
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Zoom Into the Western U.S.
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Add Political Lat/L.ong

under Add Features

EarthScope Voyager, Jr. Add a base map Add feature(s) Add velocities
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Part2.: Compare Earthquake

and Volcano Locations

* Work with a partner
 Follow the instructions:

o Add your feature (hold ctrl- or command-key to
keep the Political, Lat/Long)

o Study your map

o Answer the questions

o Draw the locations of your feature
o Share your findingd

« Stop at Part 3



EarthScope Voyager, Jr. Add a base map
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Earthquakes-and Volcanoes

Discussion:

A. What geographic features (mountains, plains, valleys,
etc) are frequently where there are only:

» Earthquakes?
= \/olcanoes?

B. In which regions do you find earthquakes and
volcanoes near each other? What’ s there?

C. Summarize the relationships you discovered.

D. What explanation can you provide for the observed
relationships?



Part 3: Examine GPS Vector Data

GPS station positions change as plates move.
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José F. Vigil from This Dynamic Planet
http://pubs.usgs.gov/publications/text/Vigil.html

"How will GPS Station B’ s position
change relative to GPS Station A?

GPS stations are not to scale



Part 3: Examine GPS Vector Data

GPS station positions change as plates move.

<
R TRENCH
ISLAND OCEANIC SPREADIND
\ ~ RIDGE %%
TRATO 5 SERN S
] VBLCANO ” e
™ ‘ 4= i =P OCEANIC CRUST
LITHOSPHERE (KB
’o’ A » Y - ,1,‘| .
G |
. L e ASTHENOSPHERE SUBDUCTING Py
., Tefty PLATE
“ HOT SPOm
* | |
., .
a
., .
. .
., S
., .
a
., .
. .
., -
* | |
* | ]
*

José F. Vigil from This Dynamic Planet
http://pubs.usgs.gov/publications/text/Vigil.html

GPS Station B is moving toward A.

GPS stations are not to scale



About Velocity Vectors

« Length of the vector arrow
= how fast the plate is moving
(magnitude).

 Direction of the vector arrow
= the direction that the plate is
moving at that GPS station

* Tail of vector = location of
GPS station




Add Features and Velocity Vectors
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and Study the Vectors

» Sketch some of the observed velocity vectors on
your map of the Western United States

* Answer questions on page 8

* Discuss with your teammate



Nelghborlng Frames of

Reference frame
North America
(SNARF) which

means.

* The rest of the
world’ s plates
move, while the
North America
plate stays fixed.

 Near Alaska, the
vector arrows are
pointing to the }
North West (NW)
because the
Pacific plate is
moving to the

NW... and the edge of Alaska is also moving NW

Vs u




Pacific plate as
reference frame:

Pacific plate
doesn’ t move

Near Alaska, the |
vector arrows - \
point South East |

Alaska is
moving to the
South East...
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Part 4: Put It All Together
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Part 4: Sketch and

Study the Modeled Vectors

» Sketch vectors where they are very different
from each other

 Draw where you believe the plate boundaries are
located

 Compare with plate boundaries in EarthScope
Voyager Jr.

* Answer gquestions

* Discuss with your teammate
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Thinking of Boundaries as Zones

Strain Rate
of the Lithosphere

x109/s
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1000.0
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0.0
Zero strain rate areas

are represented
as pure black.




Global Motion




UNAVCO o

What we did:

« Explored locations of earthquakes and
volcanoes

« Compared plate motion between the Pacific
Northwest and California

* Determined plate boundary zones using
multiple lines of evidence: GPS plate velocity
vector maps, earthquake and volcano
locations



UNAVCO,, Other Tools to Explore

« UNAVCO GPS, Earthquake, Volcano
Viewer

o http://facility.unavco.org/data/maps/
GPSVelocityViewer/GPSVelocityViewer.html

* Google Earth: Learn about plate tectonics

o Link is available from here:
http://www.unavco.org/edu outreach/data/
data.html

* |IRIS Earthquake Browser

o WWW.Iris.edu.leb
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Thank You!

Contact:
education[@unavco.org
http://www.unavco.org/

Follow UNAVCOon f ¥

Facebook Twitter




