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 STOMPING ACROSS AMERICA

EARTHQUAKE 
ZONE: An 
underground 
observatory has 
been drilled 
through the heart 
of the earthquake 
zone. The 
borehole will be 
studded with side 
spurs holding 
instruments that 
will produce 
readings on the 
seismic zone’s 
ground motion 
dynamics.

Soil
sample 
from the 
drilling 

A 13,000-foot-deep hole dug into the 
mountains 186 miles south of San 
Francisco – right across the San 
Andreas fault, a heavily populated 
region of California where 
earthquakes are relatively frequent.

METHODOLOGY: Observatory will 
sample rocks and fluids to learn about 
their composition and physical state.   
Instruments will measure fault zone 
properties, monitor active fault zones 
underground.
TIMETABLE: The observatory’s work 
will finish in 2007. To date, drilling has 
reached roughly 10,500 feet deep 
next to the fault zone that has 
produced, among others, the most 

recent magnitude-6 Parkfield 
earthquake, in 2004.

THE GOAL: To better understand the 
behavior of the North American and 
Pacific plates and other active faults. 
In the long term, to be able to tell in 
advance when a powerful quake is 
about to strike.

The Interferometric Synthetic Aperture Radar is a powerful new mapping tool 
that uses radar signals to measure deformation of the Earth’s crust. It can sense 
from afar small changes in surface elevation in real time at an unprecedented 
level of detail.
    The maps make it easier to monitor and manage soil subsidence caused by 
compacted aquifers.

HOW IT WORKS
! A satellite-borne radar 
transmits microwaves that bounce 
off the Earth and back into the 
moving antenna. 
! A continuous scanned image of 
the 60-mile-wide land surface is 
recorded.
! InSAR pulses the waves every 
16 feet of satellite travel. The 
three- to four-mile-wide footprints 
are processed, just like X-rays, 
into images called interferograms.
    The images are formed by the 
difference between shots taken at 
different times from the same 
orbital position.

The most ambitious of the project’s 
four main components, USArray is a 
continental-scale deployment of more 
than 400 seismometer stations – 
some mobile, some in fixed positions – 
to record movement on the ground 
and other developments of geophysi-
cal interest. 

HOW IT WILL WORK: The project has 
three components:
! First, more than 400 transportable 
seismic stations will form a “Big Foot” 
and stomp across the continental 
United States and Alaska over 12 
years. Following a preset grid, the 
mobile instruments will deploy, from 
west to east, in about 2,000 locations, 
one instrument residing in one site for 
18 to 24 months.
! Within every footprint, a flexible 
array of 400 seismometers will provide 
dense coverage in areas of geophysi-
cal interest.
! Reference data for the two 
components will be supplied by 43 
permanent seismic stations that will 
be added to those already maintained 
by the U.S. Geological Survey.  

AREAS OF INTEREST: Earthquake 
physics, volcanic processes, active 
deformation and tectonics, continental 
structure and evolution, geodynamics 
and crustal fluids.

INSTRUMENTS TO BE DEPLOYED
! GPS RECEIVER: Signals emanate from 24 
satellites orbiting the Earth. Using triangulation – 
calculating the longitude, latitude and altitude of an 

object – GPS can 
generate a three-

dimensional image 
of that object. 
The most 
advanced forms 
of GPS can give 
accurate 
measurements 
to within a 
centimeter.A GPS station at Cahto Peak, Calif., monitors plate 

movement in the Maacama fault zone.

A seismometer, seen from the top, is 
installed on a concrete pad 6 feet below 
the ground. The concrete keeps the 
instrument level.

The size and shape of the continent and the exact position of points on its surface 
are key to examining the level of strain on the Earth’s surface that is caused by 
deformation. The Plate Boundary Observatory will map the upper crust of the 
continent and measure real-time deformation. It will use a fixed array of drilling 
equipment, seismometers, strainmeters and GPS receivers to capture soil 
deformation in its three-dimensional form.

The movement of the plates will be 
tracked and recorded with unprec-
edented accuracy. Monitoring in real 
time will capture the second it takes a 
fault line to rupture and cause a 
tremor, and the decades it takes 
magma to build up beneath a volcano.

INFORMATION SHARING: Data will be 
made available in close to real time on 
the EarthScope Web site – 
www.earthscope.org – for the 
benefit of scientists, educators, 
students and enthusiasts.

The observatory has three key 
elements: 
! BACKBONE NETWORK: A web of GPS 
receivers that provide a comprehensive, 
long-period view of the entire plate 
boundary zone.The network will stretch 
from Alaska to Mexico and from the 
West Coast to the eastern edge of the 
North American cordillera.
! FOCUSED DEPLOYMENT: A more 
concentrated positioning of instruments 
where active tectonic phenomena occur. 
Measuring instruments will be spaced 3 
to 6 miles apart.
! FOR UNMONITORED REGIONS: A pool 
of 100 portable GPS receivers 
temporarily deployed in areas not 
covered by GPS. The instruments can 
detect stress on the Earth’s surface 
after an earthquake or volcanic 
eruption.

A GPS station is 
set up on the 
flanks of Mount St. 
Helens, in 
Washington state, 
to monitor soil 
deformation 
usually caused by 
magma movement 
inside the volcano.

! SEISMOMETER: 
Measures and records 
seismic waves essential to 
mapping the interior of the 
Earth – and measuring 
and locating earthquakes.
   A seismometer has to 
have the following:
(A) a frame securely 
affixed to the ground,
(B) an inertial mass 
suspended in the air to 
establish a steady-state 
reference position and
(C) a means of recording 
the motion.

! STRAINMETER: Monitors the horizontal movements of the 
surrounding soil.
HOW IT WORKS: The rate, magnitude and acceleration of 
movement are determined by the difference between an initial 
base reading and a subsequent one.
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HOW BIG FOOT WILL TRACK THE U.S.: Each footprint will cover about one-fourth of the country.
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eoscientists studying the behavior of earthquakes and volcanic eruptions rely on data 
gathered from events that have occurred. That is about to change.
     EarthScope, a bold new Earth science initiative, will generate current and constantly 

updated information that will shed light on the structure, evolution, behavior and dynamics of 
the North American continent. Experts will work on real-time data that will one day make it 
possible to forecast a tremor long before pressure has built on the colliding plates. 

G     The program’s four components will do the equivalent of training hundreds of telescopes on the U.S. 
mainland and peering through the viewfinders to see how it looks from various angles. The most 
ambitious of the four will blanket the U.S. with precision instruments for mapping the Earth’s structure 
from crust to core. It will employ the latest in broadband seismic sensors and GPS technology. Funded 
by the National Science Foundation and conducted in partnership with the U.S. Geological Survey and 
NASA, the program started in 2003 and was 39% complete as of the end of last year. 

RELIEF MAP AND PHOTOS COURTESY OF EARTHSCOPE
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California’s San 
Fernando Valley 
captured in vivid 
detail by InSAR’s 
high-resolution 
imaging. Urban 
areas in orange 
tint stand out. 
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