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Welcomel

This new newsletter, Earthicope onfite, is
designed for those of you who are helping

in the cperation of EarthScope — a nafiona
sxpenment of unprecedented scale and
scope. Our ambitious goal & to understand the
structure and formation of continents, and the
physical processes that control earthguakes
and volcanic eruptions. We hope that you
view this newsletter oz on on-going gesture

of our appreciation for your generosity and
cooperation.

We plan fo keep you up to date on our
progress, and to show you how the
instrumentation that you are hosting 1
advancing our understanding of the
peclogical processes that shope our
landscape. Mot since the Lews and Clark
expedition 200 yvears ago, has there been
such a comprehensive survey of the North
Armencan continent. For the first time, we
will b2 able fo measure comprehensively
peclogical processes and make those
measurements avalable for both scientific
research and education.

You may also follow our progress and

the excitement of our discovenes on the
Earthicopes website [www earthscope.

org). For those of you with school children,
EorthScope data can be a great start to

a science fair project! f you would like
educational maternals for your Scout group or
school science club, then please let us know
and we will be pleased to assist you.

Once again, thank you for your confributions
to making BorthScope a success!

Gregory E. van der Vink

Earthicope is a bold, new experrment that will change our understanding
of how plate fectonics works and how confinuing natural processes such as
earthguakes and volcanoes are creafing and shaping the North American
confinent. The data that Earthicope collects will provide fundamenta
breakthroughs in our knowledge of gealogical hozards and will aid in the
public's understanding of the dynamic Earth. These data are being collected oy
thousands of instruments across the country, organized info three groups.

The first group is the San Andreas Fault Ceservatory of Depth, which is a
set of instruments placed 3.2 km [2.3 mi) deep in o borehole, providing the first
opportunity to cbserve directly the conditions under which earfhguakes occcur.
The second group s the Plate Boundary
Observatary (PEO), cperated by
UNAVCO, which includes o network of
over 800 continucusly recording Globa
Postioning System receivers, more
than 100 borehole strainmeters, and
borehole seismic stafions being installed
throughout the “lower 48", Alaska, aond
the volcanic islands of the Aleutians.
These gecdetfic stations will measure
plate tectonic effects, such as the
motion along the San Andreas Foult and
eruptions in the Cascade volcanoes.

EarthScope will
fundamentally
change our view
of the planet.

Cperated for Earthicope by RIS, the final set of instruments is the UsAmray,
which includes permanent and termporary seismic stations and femporary
magnetoteluric (MT) stations. USArmray's maore than 400 seismic monitoring stations
will leap-frog across the US at an average spacing of 70 km [~43 mi) over the next
decade, cccupying more than 2000 locations with an average residence fima
of 24 months and providing a high-resclution image of the mantle underneath
the North American continent. In a similar way, the 20 MT stations will cccupy
hundreds of sites over the course of the experdment, and will provide information
on the femperature structure of the continental crust.

The data from all of these elements of the EarthScope facility are freely
available onine fo the public as wel as professional geoscientists. Using
EarthScope data, scienfists have already capiured the "breathing™ of Auvgusiine
Volocano as it erupted, and the subfle movement of Cascadia during the perodic
“silent earfhquakes”. Earthicope data have been used fo measure the creeping
movement of the San Andreas Fault and fo generate high-resclufion images of
the crust from background “noise”. Earthicope has ako begun a high-profile
effort fo support the use of cur dota in classrooms across the US.




" San Andreas Fault Observatory at Depth

Earthicope includes a unigue ) Middla

clservatory, designed to give scientits Pilot Hole SAFCD Mountain SAF
their fiest direct opportunity to wiiness the }' J\—_/*/\\
condifions that couse earthquakes. To create O--r—T @: ]
the San Andreas Fault Cbservatory ot Depth )
[SAFCD). we drilled 3.2 km [2.3 mi) info the i
Earth's crust. Starfing on the west side of the 3
San Andreas Fault, the drill hole begins on the i
Pacific Plate, passes through the fault close
to the hypocenter of the 1946 maognitude & 3-C Geophone, :
Farcfield earihquake, and ends on the east Tillmeter - /
side in the Morth American Plate. Thanks fo ifs 1-J-a |
unprecedenied location, SAFOD will provide : . :
new insights info the composition and physica ;) e SN :

roperties of foult zone materials ot depth, and | !
ﬁ'ue F::'31::-r|51'h_ltiw--s lows governing foult bEFl: avior. M‘]”’_ Spot Cores f

SAFOD is being run in several stages. :
The directional driing on the main hole was
completed on August 28, 2004, During the
drling phase, samples of the rocks and fluids
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Fault Zone.
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The cbservafory has already given us some surprising resulfs. The borehole passes through
the San Andreas Fault, so we expected the steel fube that lines it (the casing] fo bend over fime
as the fauli moved. However, the casing hos been offset by 4 mm since drilling was completed,
which is a much higher rate than had been anficipated. In additicn, the Son Andreas Faulf
appears o bend to the west at depth rather than being purely verfical. Because the amount of
energy relecsed by an earthouake depend: on the area of the rupture, this maoy mean that larger
earthguakes are possible. The fossik in the sediments have allowed scientisfs to date the age of
the rocks making vp the fault zone. Foraminifera (small plankton) associated with the Great Yalley
Seguence and Incceramus |a type of mellusk) indicate that the sediments are about 75 millicn years cid.

To see the current stafus of SAFCD, visit httpffwww earthscope.org and click on "Driling [SAFCD]. &
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project status:

USArray

Where Is the Transportable Array?

The Transportakle Aray, a dense
network of instruments designed to
record local, regicnal, and global
earihguakes, is helping scienfists leam
more akbout the ongin and characteristics
of earthquakes, faulfs, and the structure
of the Earth. The array consists of 400
seismic monitering stations approxmately
70 krn (~43 mi) apart that will advance
across the U3, from west to eastina
leap-frog fashion. Over the next decade,
the aray will cccupy more than 2,000
locations with an average residence fime
of 24 months.

Feld crews are cumrently installing
the first 400 stations. To date, more
than 130 seemometers are operating
in Washington, Cregon and Califormia.
Construction crews are digging holes for
the underground stations at numerous
sites in Arizona and Nevada. They
will be followed by instrument teams
who will install the seismometers and
communications eguipment. Landowners
in Arizona, Nevada, Oregon, and
Washington are being confacted about

the possibility of hosting a monitoring
stafion and reconnaissance teams will
soon start preparing for the summer fiekd
SEQ50HN.

In each Bsue of EarthScope onSife,
we will share fhe progress of the USArray
project with vou. We want to let you know
where the Transportable Amray is located
as it makes ifs way across the United
States, what data are being recorded,
what our scienfists are doing, whaf we
are learning, and where you can find
additional information about earthguakes
and related topics. From time fo fime, we
will print articles that focus on a specific
stafion or earthguake event, or that
answer fundamental guestions about
earthgquakes and seemology. If there is a
topic of special interast to you, please let
us know by confacting the USAmay editor
[dor@irs edu) or the EarthScope Office. B

On the Move . ..

One of the goals of the EarthScope
project is to actively engage students
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who will become the next generafion

of Earth scientists. In a pilot program
conducted last summer, a group of
graduate geoscience students wers
thoroughly engrossed in analytical sfudies
and field work fo idendify potential sites
for more than 50 Transportable Aoy
stafions in Oregon. The intems atfended a
multi-day workshop fo leam about stafion
requirements and gecgraphic information
systern (GI5) techniques before going out
in the fleld. Once assigned a gecgraphic
working area, the sfudents identifled
locations for furiher investigation. The
student teams then fraveled to these
poteniial sites to determine the best
locations. After preparing reconnaissance
reparts to docurmnent ther findings, a
professional seismologist verified the
recommendations. This program was
extrernely successful and proved to be
an efficient and cost-effective way to
locate a large number of sites while
simultanecusly providing an exciting
learning opportunity for students. We are
actively pursuing similar collaborative
efforts as the Transportalkle Amay moves
into new regicns. B
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How are PBO Stations Installed?

The Plate Boundary Observatory
installs two types of geodefic insfruments:
Global Positioning Systems ({GPS) and
strainmeters. GPS stafions are made up
of a GP3 antenna mounted on top of
a tripod which is deeply anchored info
the ground. GPS stations are typically
installed in fwo to three days, depending
on type of bedrock material and the
length of the fipods legs. For surfaces
that consist mestly of solid reck, the
fripod leg holes are drilled to about a
six-foot depth. Jurfaces that are not
as solid require leg holes to extend
approximately 30-40 ft below ground fo
ensure minimal movement. Once the leg
holes are drilled, steel pipes are placed
into the holes and welded together
dbove the surface to creafe the fhipod.
The GFS antenna, covered by a weather-
procf dome for protection, & leveled on
top of the friped and welded in place.
Several feet away from the pod the
GP3 receiver and data communications
equiprment are set up with batteries in
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an enclosure atfached to solar panck
for extra power. Data from the PEO

P35 station are tfransmitted via celiular,
broadband, or satelife communications
to an archive at UNAYCO [www unavoo.
org), the organization operating the

Plate Boundary Observatory. All cabiing
between the GFS receiver and fhe
communicafions eguipment are buried
under ground. In areas with livestock or
wild animals, a fence i build around the
station for protection. B

How Does A USArray Seismic Station Work?

An EarthScope USAmay
earthguake monitoring station consists
of a seismometer and sorme additicnal
electronics and communication
equiprment buried in a sealed, thermally
insulated chamber, or vault, about six
feet below the surface. The seEmometer
detects and measures the Earth’s ground
mofion. These vibrations are similar to
sound waves in air, but span a wide
frequency range that exiends well below
the threshold for human hearng. The
sensors are extremely sensitive and can
pick up a broad specirum of motions
ranging from low-ampifude background
vibrations, such as those generated by
wind or pounding surf, to signals from
local, regional, and distant earthguakes.
The sensifivity of the station depends
on how quiet the local conditions are
- the lower the “background noise™
frorm human and natural scurces such as
trafflc and swaying frees, the more Bkely
the station will be able to detect faint
earthguake signals. Sites are chosen fo
minimize the background noise as much
as is pracfical, while sfill alowing access
for the installation of the eguipment.

The seismometer, which is a Bile
larger than a one-gallon paint can,
contains delicate moving parts and
sophisticated electronics, but cperates

on a very simple principle. The mofion
sensor consists of a weight hanging on a
spring that is suspended from the frame
of the seismometer. When an earthguake
cccurs, the suspended weight initially
remains stafionary while the frame moves
with the Earth’s surface. The relafive
maotion between the weight and the
Earth provides a measure of the ground
maotion. Three sensors are combined in
a single package to measure ground
maotion in three dimensions. Modem
seismometers, like those being used by
the EarthScope USAmay project, use a
complex feediback system fo measure
the ground metion electronically.

The signals are converfed to digital
records which are then siored on a
computer in the vaulf. These data are
transmitted continuously to Earthicope
data processing centers by cellular
telephone, broadband infermnet, or
satellite communications systems. The
type of communications system chosen
depends on the conditions af the site
and in the surrcunding area. Once the
data are received at the processing
center, they are automatically ndexed
and immediately sent to the IRIS Data
Management Center (hitp://fwanw ifis.
edufabout/DMC) where they are stored
and mode availakle via the infemet fo
researchers and the general public. B
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project status:

Plate Boundary Observatory

The EarthScope Plate Boundary
Olbservatory (PBO) project is halfway
through its five-year construction phase.
Private, municipal, state, and federal
landowners play a critical rele in this
process and have assisted in siting GFS
and strainmetfer instruments on their land.

Data received from the GP3
stafions and strainmeters installed
around the westem U3, are imporfant
in achieving the scienfific goak of
EarthScope. Using the instruments
located on your property, we hope fo
unravel the answers fo guestions such as:

* What is the geographic distribution
and fiming of the deformation of the
Morth Amencan confinent?

* How does this relate to the evolution
of the plate-boundary?

= What is the geographic distribution
and timing of earthguakes?

* How do earfhgquakes begin?

* How do magma and the inner
plumbing of volcanoes interact?

* How can we reduce the hazards of
earthguakes and volcanic erupfions?

As part of this series of regular
newsletters, we will highlight the scientific
discovenes of EarthScope in more defail
EarthScope scientists have already found
new and interesting observafions from
the limited time that these instrumends
have been operafing. In June 2005, the

35 Magrratic Chariar

PBO Status as of
March 1, 2006:

S Eviansicn C hurisr
rafom -
sl on Cluster
S Urclennified
Brshels Stradnmaiar
Larg-oaselrg Leasr Sranmater

first borehole sirginmeter was installed af
Hoko Falls, Washington. This instrument
captured small-scale deformation of
the crust that previously had cnly been

recorded on seismic and GPS insfrurnents.

At Parikfield, California, along the San
Andr=as Faull, five new GFI stations
caphwred detaled deformation directly
affer the 2004 earthguake. GPS stations
on Augustine Volcano, Alaska, and Mi.
3. Helens Volcanc, Washingion, have
recorded inflation and defiafion of these
structures. This nformation i important
for understanding the size, distrioution,
and movement of magma bencath the
surface. See htip/fpboweb unavco.
org/?pageid=13&newsid=88.

2005 was the year that UNAVCO
established itself as the community
leader in configuration, drilling, logging.
and insfallation of borehole strainmeters.
Borehcle strainmeters are instruments
that have the potential fo change the
way we lock af Earth's deformation.

A fotal of ten borehole strainmeters
and seismometers were installed in

the Paciflc Northwest, including four
instruments in Canada. Three borehole
strainmeters were insfalled between
Tacoma, Washingfon, and Portland,
Oregon. Approximately, twenty-flve
more instruments are scheduled for
installation in the Grants Poass and Anza
regions of Southem Califomia in 2004,
More information on other insiruments
inclueding borehole and long-oaseline
strainmeters will be featured in future
newsletters.

Cne of the real success stories of
PBEO in the last year was the development
of UNAVCO-based took for tracking
the state of health of the GPS and
strainmeter stations. These fools will soon
be made publicly available allowing you
to see on-ine the status of the instrumenis
located on your property. Now that
PBEO cperations are well underway, the
quality, availakility, and usefulness of
PEO data products will become a more
important part of the project. You can
find the permanently archived GP3S
data at htfp:ffpbowsb unavoo.omgf
?pageid=88 and sirainmeter data and
data products ondine at hitpffpboweb.
unavco.org/fpageid=89

At the end of February 3008,
GPS fleld crews completed 4643 stafion
reconnaissance visits and submitted &45
permnifs. Permits accepted, the agreed
critical path item for PEQ, reached a
total of 371 and crews completed the
installafion of 300 GPS monuments.
Strainmeter flield crews complefed 119
reconnaissance visits and submitted 82
permnifs. Of those permits, 51 have been
accepted and a fotal of 13 sirainmeters
have been installed. The strong start
to the calendar year places PED in the
position o meet or exceed project goals
for 2004!

For more information on the PBEC
project, please visit the PBO website at
hitp.f/pboweb unavco.org/. B



EarthScope onSite Is
published four times a
year by EarthScope

(www.earthscope.org)

Te be added o or deleted from
the mailing kst for this newsletier,
please send an email shating the
action you wish us to fake fo:
earthscope-nfo@earthscope.org
or contact the EorthScope ondite
Mewletter Editor, Earthicope,
1200 New York Avenue, HW, Suite
700, Washington, DC 20005, Tel:
202-482-0633, Fox: 202-454-1151.
Be sure fo include your name,
complete mailing address,
telephone nurniber, and email
address.

Newsletter Editors:

Krista Barbour
UNAVCO/PBO
barbour@unavco.org

Pers M. Do
IRIS/USAmay
domr@irs.edu

EorthScope is funted by the Notionol Science Foundoiion and congucied in porineship wiff

the U5 Geological Suvey. Eorthicope is being consyucied, operoted, and manfained asa
colohormdive effort with IWAVCO inc., the incorponated Reseanch inafitutions for SeEmoingy, ond
Stanforg UnFrevsEty, with confribufions from MASA ond several ofher nafional ond infemoianal
argonizzions. Thi mafenal i bosed Upon work suppored by The Mafional Science Foundafion
under Gronds Mo EAR-O5233 10, EAR-DE23309. EAR-DSZ5T00. EAR-DRZ3938, EAR-0523311, and EAR-
0323704 Any opinions, finding, and conciusions or recommenadations expressed in this matenal are
those of the ouihars) and do nof necesonly redect the views of the Naffonal Science Foundafion.
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