Tectonic Motions of the Western United States
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Horizontal velocities for western United States GPS stations whose data are processed by the Geodesy Advancing Geosciences and EarthScope (GAGE) GPS Analysis Centers for the Plate Boundary Observatory
at New Mexico Tech and Central Washington University. Velocities are in the North America-fixed reference frame (NAMO08) and calculated by the Analysis Center Coordinator at the Massachusetts Institute of
Technology. The number of stations shown in California has been greatly reduced to make it easier to see regional motion. For updated velocities, search the web for UNAVCO GPS Velocity Viewer.
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UNAVCO :

Community and Services
The UNAVCO consortium consists of more than 100 US academic Members and over 75 Associate
Members (domestic and intemationa). Through our Geodetic Ifrastructure and Geodetic Data

Services Programs, UNAVCO operates and supports geodetic networks, geophysical and

meteorological instruments, a free and open data archive, software tools for data access and

UNAV(Oisa non~pr0ﬁt university.govemed processing, cyberinfrastructure management, technological developments,technical support, and
. e a A geophysical training. The UNAVCO Education and Community Engagement program provides
consortium, facilitating geoscience research and ductiona materals ool and resources for students, teachrs, unversity faculy and the

% 3 general public. We also provide summer internship experiences for undergraduate students
education using geodesy. inerestedin careers i geodesyand geoscencesthrough our RESESSProgran.

What's on the map?
The map shows the velocities of GPS stations in the Plate Boundary Observatory and other GPS networks in earth

the Western US. M§g@pe
What is the Plate Boundary Observatory?

The Plate Boundary Observatory (PBO) precisely measures Earth deformation resulting from the constant

motion of the Pacific, North American, and Juan de Fuca tectonic plates in the western United States. ) Offices and Staff
We challenge ourselves to transform human understanding of UNAVCO is headquartered in Boulder, Colorado with regional offices in San Clemente, California,

the changing Earth by enabling the integration of innovative Portland, Oregon, and Anchorage, Alaska. Geoscience and engineering staff are deployed on
hnologi detic obs _ d h f assignments throughout the United States and around the world with regular deployments in the
technologies, open geodetic observations, and research, from Arcticand Antarctica. Core sponsorship for UNAVCOis provided by the National Science Foundation

(NSF) and National Aeronautics and Space Administration (NASA).

These Earth movements can be very small and incremental and not felt by people, or very large and sudden
such as those that occur during earthquakes and volcanic eruptions. PBO measures Earth deformation
through its arrays of Global Positioning System (GPS) receivers, strainmeters, seismometers, and other: pole to pole.

geodetic instruments. Brief History

Geodesy UNAVCO orginated as the University NAVSTAR Consortium in 1984 ithin the Cooperative
Geodesy i the tudy of Earth' shape, gravity field, and rotation. Geodeticresearch defines Insttute for Research in Environmental Sciences (CIRES) a the University of olorado, Boulder. In
the terrestrial reference frame; and quantifes changes in the propertes of Eath'ssurface 2001, UNAVCO, Ing became an independent 501(c)(3) organization.

and subsurface, ice sheets and glaciers, and oceans and atmosphere. Geodesy's broader

benefits include help with preparedness and mitigation of hazards; and foundational ot @ @ unavco Org

support for space-based operations, navigation, communications, surveying, resource

management, and national security.
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The Plate Boundary Observatory is operated by UNAVCO, is one of the major components of EarthScope, and
is funded by the National Science Foundation.

For more: unavco.org/pbo

What is EarthScope?

EarthScope is a vast project for deep geoscientific exploration of the entire North American continent, as well
as our entire Earth, to better understand the materials it is made of, how it was assembled, and how it works
— including its recurring earthquakes and active volcanoes.

For more: earthscope.org
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How do we get the arows on the map?
We stat with a positon time sefie.
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new posiions that stil need o be
refined. Because GPS measures 30
position, the changes are shown in
north-south (top), east-west (midle),
and up-down (height, battom). The
station’s velocity, or speed, s calculated
by fiting e (e e ne) tothe ot Sibging doun maans
andmeasuringits sope. (There's moreto the site is moving west
it tha this, but this s foughiy what we

do) Note the velodties above.each

quaph,

Not al time seies are tis tiy. Some

ave breaks n data fom problems with

instuments. Others have. jumps. in i
postion fiom  earthquakes.  Many Sioping down means *
stations move up and down seasonally moving down

Site installed
June 17, 2000

East (mm)
PR

@ =30 —— - -~ —
because of changes i rainfal or nearby 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

groundwater withdrawal.

WHAT ARE THE ARROWS?

Each arrow originates at a GPS station, and points in the direction the station is
moving. s length s propartional to the saton’s speed,or veloiy. The faser the
staton s moving, th longer thearow. Thecaleforthearrows s givenat the bottom
ofthe map. Station motion are given in millimetersper year. That' tiny~bu even
smallmotionscan tellsa ot abou the Eath.

HOW D0 WEKNOW?
We calclte a GPS stato's vladty fom s posiion time sers. To get the
horizontal velociy and directon, we add the ast-vest velocity and the noth-south
velocty together,a shown abore, making a vector.
MIGY i the fsteststation i Calfonia. The fastet station n the Plate Boundary
Obsentoryson Montague slnd, Alaska (AC79).

WHAT DOES THIS TELLUS?

Every arow on the map shows us how the Earth i moving. The GPS tatons are
anchored ntorockor deep nto soll S0 we can s how the wholearea s moving,not
Just the surface.

Why is western North America moving so much? The main players are the ascadia
subduction zone i the Paciic Northwest pushing stations landward and the San

A, tations appear to jump up and down fiom day to day because S posiioning s les precie in the vertica than the Andreas fault lding statons past eachother n Calfomia. The Plate Boundares are

horizontal—and, here, because the scale on the vertical position is different than the scale on the north and east positions.

IPBOGPS data arefeely avlable onine,
Toexplore moretime ere, o to unavco.og/instrumentation/networks/status/ oo/

shown in yellow. Regions with the ighest seismic hazad ften concide with the
greatest contastin motion, .. long aitows near short nes




