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Look to the Future...

largely on facilities envisioned when IRIS was created. With the merging

in 2013 of the Cooperative Agreements for core programs and USArray,
the IRIS community has a special opportunity to reevaluate and possibly re-
align the facilities as we look forward to the future of cooperative seismology
during the next 25 years.

The 2010 Workshop celebrated 25 years of accomplishments, based

Science Accomplishments and Vision

The IRIS Workshop continues to serve as a forum at the cutting edge of Earth
science that is unique for focusing on seismological contributions yet still
covers of the full breadth of our discipline. Research enabled by IRIS facilities
contributes to our understanding of:

The effect of temperature, composition, and internal boundar-
ies on mantle and core dynamics and the changing morphology
of our living environment, and the evolution of the lithosphere
and plate boundary systems over Earth history.

The relationship between stress, strain, and deformation as
exhibited through earthquakes, slow slip, volcanic eruptions
and movement of fluids within the crust.

The relationship of Earth structure and dynamics to the dis-
tribution of resources and hazards, and the system response
to anthropogenic forcing.

The interaction of atmospheric, oceanic, cryospheric, and vol-
canic processes with the solid Earth.

Science Program Chairs

Susan Bilek —
John Hole -
Lee Liberty —



Meeting Venue

Plenary sessions, poster sessions, special interest group meetings (SIGs) and pre-Work-
shop symposia will all be held in the Boise Centre. With a front-row view of the Boise
National Forest and the pristine Boisea River, Boise Centre is located right in the heart of

beautiful downtown Boise, Idaho.

BoiseCentre ~ TheGroveHotel ~ Hampton Inn & Suites

850 W. Front Street
Boise, ldaho 83702
P: 208-336-8900

Poster Sessions

Posters will be displayed in the Eagle/Hawk
room, offering over 16,000 square feet of space to
comfortably view posters and enjoy refreshments
during breaks from the plenary sessions. Posters
on related topics are clustered and scheduled for
authors to be available for discussion at the same
time.

Posters will remain up throughout the meeting.
You may begin to hang posters after 3:00pm on
Tuesday, June 12. Posters need to be removed by
2:00pm on Friday, June 15. Poster board assign-
ments are located in the table in the poster index
of this program. Additionally, IRIS’ core programs
will have tables displaying publications and post-
ers.

245 S. Capitol Blvd
Boise, ldaho 83702
P: 208-333-8000

495 S. Capitol Blvd
Boise, ldaho 83702
P: 208-331-1900

Internet Access

Wireless internet access is complimentary
throughout the Boise Centre and the host hotels,
The Grove Hotel and the Hampton Inn.

Airport Shuttle Information

Boise Airport is 4 miles from both hotels and the
Boise Centre. Both hotels offer complimentary
shuttle service. Look for the hotel board near the
baggage claim area. Search for your hotel, push
the hotel button, and a shuttle will be called for
pick-up. Please check-in with your hotel concierge
to secure shuttle service for your return trip to the
airport.
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(open to all)

WEDNESDAY - June 13

Next-Generation Instrumentation for Portable Seismology
— Seth Moran, James Gridley

While the IRIS 2013-2018 proposal includes a commitment to sustaining the existing PASSCAL and
USArray pools of broadband, Texan, and multichannel sensor/digitizer packages, the portable pool also
has limitations in terms of the types of experiments it can support. In this SIG we will discuss the sci-
ence drivers for a new style of experiment involving tight spatial arrays of large numbers (“Large N”) of
intermediate-period (10-30s) sensors. Presentations will include summaries of discussions to date and
preliminary results from an ongoing trade study, followed by community discussion of objectives and
requirements.

Resources for Undergraduate Teaching in Seismology
— Maggie Benoit & Michael Hubenthal

What are the latest curricular materials available to teach seismology at a variety of undergraduate
levels? What topics or resources (e.g. software, DMS tools, data sets) would you like to see developed
into activities for your students? This SIG will include an overview of some of the most recently devel-
oped activities designed to be integrated into your existing courses, while also conveying the latest seis-
mological research to your students. This will be followed by a discussion focused on eliciting feedback
regarding new curricular activities that will be developed through both IRIS and the Pearson Higher Ed
group. This is your chance to have an impact on the materials that will be available in the future.

GSN Data Quality
— Kent Anderson, Tim Ahern

The GSN network is two years into a major quality initiative to improve the state of the GSN dataset.
This work has included the continued upgrade to the GSN field systems and infrastructure, calibration
of the GSN seismometers, review and update to the station metadata, and the implementation of an
updated Quality Assurance System to identify, document, rectify and report data issues to the network
operators and the GSN data user community. In conjunction with the GSN effort, the DMS is revamping
its data quality tools to improve and expand the metrics available to assess the quality of the overall
IRIS data holdings. This SIG will provide an update to both the GSN Quality Assurance System and the
DMS Quality assessment tool development.

THURSDAY - June 14

Global Array of BroadBand Arrays (GABBA)
— Chuck Ammon, Thorne Lay, Keith Koper

Important research questions related to Earth’s deep interior and complex earthquake faulting pro-
cesses are difficult to resolve with present day configurations of global seismic networks. However,
significant progress can be made using medium-aperture (~150 km x 150 km) broadband arrays, if the
number of such arrays around the world with strategic locations can be increased, with operational life-
times of a decade or more. This SIG will explore this concept for expansion of IRIS instrumentation sup-



Special Interest Group Meetings
(open to all)

porting global seismology, recognizing that strong international partnerships
will be essential to achieving a system with on the order of 10 GABBA nodes
around the world. We invite short contributions on research applications that
have utilized current broadband arrays and dense networks of stations (from
regional networks, PASSCAL deployments, etc.) of dimensions comparable
to the GABBA notion, as well as contributions on complementary value of
deploying additional short-period arrays around the world. We also seek to
identify a GABBA working group that can advance this concept and serve as
a workshop steering committee that IRIS may support in the Fall of 2012 to
explore development of a proposal to augment global seismic observations
with GABBA.

Seismo-Acoustics
— Brian Stump, Michael Hedlin, Stephen Arrowsmith

With the addition of both barometers and infrasound gauges to the Trans-
portable Array a rich source of atmospheric pressure data is now available
in consort with seismic data. These data are providing the ability to study
sources of both seismic and acoustic energy such as shallow earthquakes,
ocean storms as well as man made sources such as explosions. The data
provide the opportunity to not only characterize these sources but also quan-
tify the time varying nature of the atmosphere as well as constrain sources
in the atmosphere that primarily generate pressure waves. The stations
provide data for the study of coupling across a very broad frequency band
between the atmosphere and the solid Earth. We will review the current op-
portunities that exist for combining seismic and pressure data for studying
not only sources of these waves but also for characterizing the atmosphere
as a function of time.

Early Career Investigators
— Danielle Sumy, Harmony Colella, Andy Frassetto

New faculty members and researchers have commitments spread across
research, teaching, service, student advising, family, etc. This SIG meeting
will be split into two parts. First, a panel of seasoned members of the com-
munity will profile their career paths and be available to answer questions
from early career scientists. Second, we will review the current resources
available to assist early career development and discuss ideas for their im-
provement. This SIG will serve as a formal beginning to the IRIS Early Career
Investigator (ECI) Program, a community where we can foster collaboration
and openly (and freely) discuss ways to overcome common challenges. We
encourage all members of the IRIS community to attend and participate in
this SIG. Perspectives and mentorship from more senior members of the
IRIS community are particularly welcomed. For more ECI information, please
visit: www.iris.iris.edu/ECI.




(open fo all)

Solid Earth Science Computational Facility
- Jeroen Tromp, Alan Levander, Artie Rodgers, Louise Kellogg

With dramatic increases in the quality and quantity of geophysical data and the availability of sophis-
ticated open-source numerical modeling tools, there is a need for a Solid Earth Science high perfor-
mance computing facility. As examples, USArray and similarly dense international arrays are providing
seismologists with a tsunami of new data. Data analysis is keeping up with data acquisition only for the
computationally simplest analysis methods, as even computationally modest analysis is often still labor
intensive. Imaging/modeling with this data requires powerful numerical modeling tools, automation of
routine analysis tasks, and high-performance computing facilities, without which the power of these ar-
rays as observational platforms for deciphering North American structure may never be realized. Such a
facility was envisioned in the first IRIS proposal as long ago as 1984. Hardware structure, machine ac-
cess and scheduling policies in such a facility would reflect the research, education, and training needs
of the solid Earth community — thereby enabling rapid major advances in this vibrant area of research.

FRIDAY - June 15

Synergies in Seismology between GeoPRISMS and EarthScope
— Susan Schwartz, Maggie Benoit, Cliff Thurber

The GeoPRISMS Program, successor to MARGINS, offers near-term opportunities for interdisciplinary
onshore-offshore investigations at three US continental margins: Alaska-Aleutians Subduction Zone,
Cascadia Subduction Zone, and Eastern North American, and eventually, also in East Africa and New
Zealand. Recent community planning workshops for the three US settings, jointly sponsored by Geo-
PRISMS and EarthScope, outlined the scientific targets and research priorities for each setting, defin-
ing research opportunities in seismology and associated interdisciplinary studies. We will review the
community-developed implementation plans for these three primary sites, with emphasis on opportuni-
ties for the IRIS community, and entertain open discussions about specific projects and collaborations
designed to achieve the scientific objectives of the program.

Citizen Science in Seismology
— Elizabeth Cochran and Richard Allen

The general public has been enlisted to help with seismology research and hazards mitigation in a
variety of projects, ranging from the well-established such as Did You Feel It, to developing monitoring
programs such as the Quake Catcher Network, to novel uses of social media. Some projects ask for
volunteers to host sensors, while other go door-to-door with specific requests. This SIG will include pre-
sentations from some of the groups that count on public involvement, followed by discussion of lessons
learned and strategies to engage the public in future projects.



Special Interest Group Meetings
(open fo all)

International Development Seismology - What, Where, and How?
— Susan Beck, Jay Pulliam

Scientific engagement in developing parts of the world presents the univer-
sity community with unique challenges and exciting opportunities to directly
impact society in ways that complement their fundamental research activi-
ties. In addition, scientists conducting research in developing countries have
the opportunity to become true global scholars, sharing the excitement and
intellectual resources of the scientific quest with local partners. While these
experiences can be quite rewarding, sustaining their impetus often requires
creative schemes, particularly to harness the necessary financial resources.
Over the past few years, IRIS IDS has begun the exploration of these issues
and the most effective ways to address them. We invite all members of the
IRIS community, at any career stage to share their experiences, opinions,
and recommendations for how to make global social responsibility an inte-
gral part of our exciting international seismology.

Data Products
— Chad Trabant, Tim Ahern

A discussion of data products that are or could be produced by the IRIS
DMC and used by the community to aid in research. IRIS staff will give an
overview of existing data products currently produced at the DMC. The DMC'’s
product effort is community driven; this is an opportunity for direct feedback
with a focus on future data products. For a list of the currently data produced
products including information on future products please visit: http://www.
iris.edu/dms/products/
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TUESDAY, June 12

DMS Afternoon Tutorial on Web Services Salmon

OBSIP Afternoon Short Course for First-Time Users ~ Snake
Educational Affiliates Dinner and Discussion Meeting ~ Willows

3:00-6:00 pm Registration Meadow Lobby

6:00-7:30 pm Students & Post-Docs Reception Firs-Cottonwoods

Invitation Only

® Hors d’oeuvres and cash bar for students and
post-docs participating in the workshop to meet
with Senior IRIS staff and members of the Board
of Directors.

WEDNESDAY, June 13

8:30 am
9:00 am

Meadow Lobby

Falcons
Welcomes Summit

Plenary Session: Recent Science Drivers Summit

and Enablers - Rick Aster, Don Forsyth

® Mike Ritzwoller, “Once upon a Time on USArray”

® Brandon Schmandt, “Community-Driven Data
Collection and an Evolving View of Lithospheric
Structure and Dynamics”

® Mike Brudzinski, “New Insight into Episodic Tremor and
Slip from Improved Recording Networks”

® Mark Benthien, “Shakeouts, Scenarios, and Advances in
Public Awareness and Planning”

Eagle-Hawk

11:30 am Special Interest Group Meetings (concurrent)

2:00 pm

4:00 pm

Next-Generation Instrumentation for Salmon
Portable Seismology - Seth Moran, James Gridley

Resources for Undergraduate Teaching Cottonwoods
in Seismology - Maggie Benoit, Michael Hubenthal

GSN Data Quality - Kent Anderson, Firs
Tim Ahern
Falcons
Poster Sessions Eagle-Hawk
Eagle-Hawk

Discussion Session: The IRIS Proposal Summit

for 2013-2018 - Brian Stump, David Simpson,
Matt Fouch, John Hole

Falcons




THURSDAY, June 14

Falcons

8:30 am  Plenary Session: Imagine ... Anticipated ~ Summit
Science to Meet New Challenges - John Vidale, Anne Sheehan

Kelin Wang, “Seismology Beyond Seismic Waves: The
Way Forward in the Study of Subduction Earthquakes”

Meredith Nettles, “Seismic Studies of the Cryosphere,
Atmosphere, and Oceans”

Matt Haney, “The Detection of Small, Time-Varying
Crustal Properties: Diving into the Seismic Dumpster for
Treasure”

Greg Beroza, “Faulting from First Principles”
Eagle-Hawk

11:00 am Special Interest Group Meetings (concurrent)

Global Array of BroadBand Arrays (GABBA) -
Chuck Ammon, Thorne Lay, Keith Koper Salmon

Seismo-Acoustics - Brian Stump,

Michael Hedlin, Stephen Arrowsmith Cottonwoods
Early Career Investigators - Danielle Sumy,
Harmony Colella, Andy Frassetto Firs

Solid Earth Science Computational Facility Pines
- Jeroen Tromp, Alan Levander, Artie Rodgers, Louise Kellogg

Falcons
1:30 pm  Poster Sessions Eagle-Hawk

Eagle-Hawk

3:30 pm  Plenary Session: New Technology and ~ Summit

Media -Bob Nigbor, Elizabeth Cochran
James Stasiak, “CeNSE - Hewlett-Packard’s Central
Nervous System for the Earth”

Adam Ringler, “Where We Were, Are, and Hope to Go
with Ground Motion Recording Systems”

Frank Vernon, “Communications Enabling the Next
Generation of Seismic Systems”

Dan Fay, “Communicating and Advancing Environ-
mental Understanding”

Falcons

Falcons



FRIDAY, June 15

Falcons

8:30 am  Plenary Session: Facilities for the Summit
Next 25 Years - Richard Allen, Jim Gaherty
® Jesse Lawrence, “Cyber-Social-Seismic Networks”
® Rick Aster, “The Future of Temporary Deployments”

® Gabi Laske, “Ocean Bottom Seismology: Past, Present
and Future”

® Jeroen Tromp, “Computational Resources for
Seismology”

Eagle-Hawk

11:00 am Discussion Session: The Next Big Thing
- Anne Meltzer, Jeroen Tromp, Bob Woodward, Bob Busby

Falcons
1:30 pm  Field Trip Meadow Lobby

1:30 pm  Special Interest Group Meetings (concurrent)

Synergies in Seismology between Pines
GeoPRISMS and EarthScope - Susan Schwartz,
Maggie Benoit, Cliff Thurber

Citizen Science in Seismology - Salmon
Elizabeth Cochran, Richard Allen

International Development Seismology - Cottonwoods
What, Where, and How? - Susan Beck, Jay Pulliam

Data Products - Chad Trabant, Tim Ahern Firs

Stonehouse Restaurant
665 Park Bivd
Boise, Idaho

@ The Stonehouse Restaurant is a special events facil-
ity located 1 mile from the Boise Centre. A group will
depart from the Meadow Lobby at the Boise Centre
at 3:30pm to walk to Stonehouse or if you would like
to meet the group at dinner, please stop by the regis-
tration table for walking directions.




Plenary Sessions

Once upon a Time on USArray
Michael H. Ritzwoller, University of Colorado at Boulder

The story of thousands of broadband seismometers spanning a continent, professionally de-
ployed, superbly maintained, with data ready quite literally at one’s fingertips, would have been
greeted fifteen years ago as a fairy tale. Now, for many young (and not so young) seismologists
the building of USArray, particularly the Transportable Array, marks the crucial event of their sci-
entific careers. An important part of the legacy of USArray will be an improved understanding of
the architecture of the North American continent — one of its seminal motivations. A more dimly
. perceived motivation, but perhaps more important aspect of its legacy, will be its impact on the

Rick Aster discipline of seismology.

The impacts are profound and broad, but | will speak only about one small area: the transfor-
mation of array-based surface wave seismology. Innovations stimulated by USArray include the
Don Fo rsyth creation of ambient noise tomography, the reformulation of the tomographic inverse problem in
terms of local differential filters applied to observed travel time and amplitude fields, the extrica-
tion of subtle signals that reveal robust information about anisotropy, and the joint interpretation
with other kinds of geophysical data. Interpreting the results of these innovations in a Bayesian
framework helps to define another legacy of USArray, the replacement of single models with
statistical distributions of model variables that can be assimilated by researchers in other fields

or by future generations of seismologists.

Community-Driven Data Collection and an Evolving View of
Lithospheric Structure and Dynamics
Brandon Schmandt, California Institute of Technology

Large-scale data collection programs like cessibility has accelerated the progress of
EarthScope are an important contributor to scientists with a diverse range of motivations.
advances in seismology and lithospheric dy- Some strive to place prior “islands” of con-
namics. Many recent successes primarily straintin a systematic framework, and applica-
stem from access to high-quality data with an  tion of conventional or incrementally improved
unprecedented combination of aperture and imaging methods now provides novel opportu-
density. Prior to EarthScope, dense temporary nities in this direction. Those who endeavor
deployments of seismometers and long-term to push the limits of structural seismology at
observatories around the world provided ex- lithospheric and upper mantle scales are mo-
citing glimpses of seismology’s potential to tivated by the presence of an exceptional prov-
resolve the 3-D structure of the lithosphere ing ground. Others yet are motivated to explain
and underlying mantle. These earlier results rare events that fortuitously occurred among
also identified a clear mismatch between the dense instrumentation and afford unique con-
scale of data collection at the time and the straints on lithospheric properties. Results
scale of observations necessary to test fun- to date constitute strong progress toward ad-
damental hypotheses regarding the structure dressing the fundamental science questions
of the lithosphere and the nature of its cou- that inspired EarthScope, but many questions
pling to the underlying mantle. This mismatch remain unanswered and others merit revision
is rapidly diminishing thanks to the sustained in light of recent results. Great potential also
effort of many in the community who helped remains in the data that have been collected,
to get EarthScope off the ground and guide and creative and integrative approaches ap-
it through several successful years. The influx pear increasingly important to realizing this
of new observations and improvements in ac- potential.
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New Insight into Episodic Tremor and Slip from
Improved Recording Networks
Mike Brudzinski, Miami University of Ohio

Vast improvements in seismic and other data from plate boundary systems have illuminated
highly varied and unexpected behaviors in increasing detail. One of the chief discoveries has been
an intriguing class of slow earthquakes, including extended duration episodes of tectonic tremor
and transient slip, which frequently rupture the transition zone of the plate interface and offer in-
sight into the change of frictional stability along the deep roots of faults.

In this talk, | will highlight recent results in this field of research based on key improvements to
recording networks that include 1) Japan’s KIBAN project following the Kobe earthquake, 2) perma-
nent and temporary arrays along the Parkfield section of the San Andreas Fault, 3) the Transport-
able Array, Flexible Arrays, and Plate Boundary Observatory of EarthScope, and 4) multifaceted ef-
forts to improve seismic and geodetic recording along the Middle America subduction zone. Finally,

| will discuss some of the driving factors and obstacles to pursing this new field of research.

Shakeouts, Scenarios, and Advances in Public Awareness and Planning
Mark Benthien, Sauthern California Earthquake Center

On October 20, 2011, “Great ShakeOut”
earthquake drills were held in California, Ne-
vada, Guam, Oregon, Idaho and British Colum-
bia, involving more than 9.5 million participants
who practiced how to protect themselves dur-
ing earthquakes (“Drop, Cover, and Hold On”),
and were encouraged to prepare to survive and
recover at work, school, and home.

The ShakeOut began in southern California
in 2008, as a way of involving the general pub-
lic in a large-scale emergency management ex-
ercise based on a magnitude 7.8 earthquake
on the San Andreas fault (the “ShakeOut Sce-
nario,” developed by a team of experts led by
Dr. Lucy Jones of the U.S. Geological Survey at
the request of emergency managers and other
decision makers in Southern California). The
goal was to promote preparedness actions by
communicating the latest scientific information
and recommended mitigation and prepared-
ness behaviors in such a manner that encour-
ages the whole community to get prepared.

The Southern California Earthquake Center
(SCEC) developed advanced simulations of
this earthquake that were used to estimate po-
tential losses and casualties and also to show
the public how the shaking would be through-
out the region. These simulations were possi-
ble due to the application of high performance
computing for simulating and visualizing dy-
namic fault rupture models and wave propaga-
tion throughout Southern California. In addition
to scientific contributions to the ShakeOut Sce-
nario, SCEC also hosted the ShakeOut website
(www.ShakeOut.org) and created a registration
system where participants could be counted

in the overall total. The Earthquake Country Alli-
ance (headquartered at SCEC with members from
California science, preparedness, and community
organizations) coordinated outreach and recruit-
ment. More than 5.4 million people participated
in 2008, with schools for the first time coordinat-
ing earthquake drills on the same day.

Soon after the first ShakeOut drill, participant
demand convinced organizers to develop the
ShakeOut into a statewide, annual event each
October that grew to more than 8.5 million par-
ticipants in 2011. K-12 and college students and
staff comprise the largest number of participants,
but the ShakeOut also has been successful at re-
cruiting participation by businesses, non-profit or-
ganizations, government offices, neighborhoods,
and individuals. Each year participants are en-
couraged to incorporate additional elements of
their emergency plans into their ShakeOut drill.

Because of the success of the ShakeOut in Cal-
ifornia, several other states and countries have
held ShakeOut drills, with websites managed by
SCEC. In addition to the regions listed above, a
regional drill with 9 states has now been held
twice in the Central U.S. In 2012 the first Tokyo
Shakeout was held in March with plans for expan-
sion in September, Utah held its first ShakeOut
in April, and New Zealand is planning a nation-
wide ShakeOut in September. In October 2012
the “west coast” ShakeOuts listed above will be
joined by Washington State, Puerto Rico, a re-
gional drill in the southeastern U.S., and possibly
other regions. Alaska, Hawaii, and several coun-
tries (Turkey, Chile, China, and more) have also
expressed interest.
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CHALLENGES

ANTICIPATED SCIENCE TO MEET

Kelin Wang, Pacific Geoscience Centre, Geological Survey of Canada

Because of revolutionary developments
in seismic and geodetic observations, we
now know subduction faults display a wide
range of slip modes including creep, appar-
ent sub-convergence creep (or “partial lock-
ing”), episodic slow slip (sometimes accom-
panied with seismic tremor), and slower (as
in tsunami earthquakes) and faster rupture.
But we are still hampered by the short time
span of instrumental records, difficulty in ac-
cessing the fault zone, and high cost of near-
source monitoring. Our knowledge of subduc-
tion earthquakes and efforts to mitigate their
impact passed most of nature’s tests since
2004 but failed some major ones, and with
grim consequences. Improved understand-
ing will require advances not only in seismic
wave analyses but also in areas involving
material science, earthquake geology, and
rock mechanics.

Lithosphere-asthenosphere coupling.

Geodetic “snapshots” of earthquake-cycle
deformation from different subduction zones
reveal the first-order importance of viscoelas-
tic rheology of the asthenospheric mantle.
The asymmetry between co- and inter-seis-
mic deformation due to viscoelastic stress
relaxation and its geodynamic implication
have yet to be explored, and interseismic
deformation models based on the assump-
tion of elastic Earth need to be thoroughly
revised. In a system as fragile as a plate
boundary, it is by no means surprising that
one earthquake can trigger another, but the
various time delays in the stress transfer
and related rheological implications demand
observational and theoretical investigations.
Structural evolution of the fault zone.

Like the many large faults we observe on
land, subduction faults are zones of complex

3D internal structure. Geometrical irregularities
hinder shear localization and hence large rup-
ture. Smoothing by wear and sediment fill com-
petes against roughness renewal by off-fault
fracturing and newly subducted uneven sea-
floor. To understand the complex seismogenic
behaviour of subduction faults demonstrated
by the 2011 Tohoku earthquake, especially of
the shallowest segment, we need to know un-
der what conditions a fault zone can or cannot
be viewed as a frictional contact and develop
concepts beyond rate-state friction. Classical
questions like “whether subducting bathymetric
anomalies generate of stop large earthquakes”
need to be addressed from fresh perspectives.
New understanding depends on a combination
of seismic imaging, near-source (seafloor and
borehole) monitoring, and comparison with ac-
cessible active faults and exhumed ancient
subduction zones.

Petrologic evolution of the fault zone.

Different from strike-slip faults, a subduction
fault undergoes drastic changes in pressure
and temperature in its slip direction. “Fault mat-
uration” thus involves not only structural but
also petrologic evolution. Breakdown or forma-
tion of various hydrous minerals must strongly
control subduction faults’ slip and seismogenic
behaviour, due to changes in both mechani-
cal properties and pore fluid pressure. Break-
through understanding requires new laboratory
experiments on relevant rock samples under
conditions representative of real subduction
faults. Laboratory results combined with seis-
mic analyses of rupture/slip source, geophysi-
cal imaging, thermo-petrologic modeling, and
comparison with exhumed ancient subduction
zones will greatly improve our knowledge in this
regard.

Meredith Nettles, Columbia University

The surface of the solid Earth is not opaque to signals generated in the fluid envelope: the
atmosphere, oceans, and cryosphere. Seismic sources in the fluid Earth recorded clearly on
seismographs anchored to the solid Earth are wide ranging, including storms at sea and on
land, rapid motion and calving of ice, and bolides, man-made explosions, and volcanic eruptions
in the atmosphere. A first step for seismologists studying the fluid Earth has been simply to
identify these exotic (external to the solid Earth) sources. Now, good data and a better under-
standing of several of these types of sources allows us to use them in a systematic manner to
interrogate the processes and behavior of the atmosphere, oceans, and cryosphere, as well as
the mechanical properties of those systems. These seismological analyses are complementary
to other disciplinary studies in glaciology, atmospheric dynamics, and oceanography, and the
greatest gain in knowledge will come from integrating datasets and expertise across tradition-
ally separate disciplines.



In the cryosphere, which exhibits both fluid and solid behavior on easily observable timescales,
recent, intensive studies of the source of glacial earthquakes provide an example of the need for a
focused, interdisciplinary approach to maximize the utility of seismological analysis. This effort has
allowed us to identify the source mechanism that generates the seismic signal associated with gla-
cial earthquakes: discrete ice-loss events of cubic-km scale at the margins of large outlet glaciers
generate surface waves comparable to those from M~5 tectonic earthquakes that are recorded
globally. By combining seismological observations with geodetic, meteorological, and glaciological
approaches, the study of these earthquakes has also allowed us to identify such ice-loss events as
a primary control on short-term velocity variability in these very sensitive marine-terminating glaciers.
An understanding of this signal also allows an assessment of melt-driven flow variability that would
otherwise be obscured by the calving signal. Similarly, studies of several atmospheric and oceanic
signals are now moving beyond initial identification of fluid Earth seismic signals to analyses that
shed light on the structure of the atmosphere and the processes that generate microseismic noise
— or signal, properly understood.

The systematic and rigorous use of seismology to study the fluid Earth is a young subfield of the
discipline. To support and facilitate progress in this area requires some efforts that overlap sub-
stantially with the needs of other seismological sub-disciplines, and some new efforts. Long-term
recording of high-quality seismic data, and its proper archiving and curation, are critical, particularly
to assess seasonal, inter-annual, and other temporal variability in what are typically relatively small-
amplitude signals. A new challenge is to facilitate access to existing time series and other data from
collaborative disciplines, including but not limited to tide-gage and bottom-pressure data, meteoro-
logical time series, infrasound data, and satellite imagery; and to ease access to seismological data
and products by workers in those collaborative disciplines. In addition, support is needed for the
acquisition of non-seismological, geophysical data — geodetic, meteorological, infrasound, etc. — at
sites co-located or loosely co-located with seismological installations.

The Detection of Small, Time-Varying Crustal Properties:
Diving into the Seismic Dumpster for Treasure
Matthew Haney, Alaska Vlolcano Observatory, U.S. Geological Survey

Numerous geophysical processes are aseis-
mic insofar as they do not generate seismic
waves. However, such processes may still be
seismically visible since they can alter the physi-
cal properties of the Earth within a specific re-
gion. Typical changes in the propagation veloc-
ity of waves due to time-varying Earth structure
are often small, on the order of 1%. This level
of change cannot be resolved with traditional
methods like repeated tomography. As a re-
sult, the detection of subtle changes involves
the analysis of signals previously discarded at
one time or another in seismology, such as the
scattered coda of earthquakes or ambient seis-
mic noise. This brings to mind the sayinag that
“one man’s trash is another man’s treasure.”
Building on the pioneering work of Poupinet et
al. (1984; J. Geophys. Res., 89, 5719-5731),
small variations in propagation velocity have
been detected due to stress changes in fault
zones, magma movement at volcanoes, shallow
earthquake damage and subsequent healing,
slow slip events and even for infrasonic waves
due to atmospheric temperature inversions. In
the future, the implementation of state-of-the-

art seismic networks, such as borehole seis-
mometers within the KiK-net in Japan, promises
to shed new light on the distribution and timing
of evolving crustal properties.

We discuss applications of detecting time-
varying Earth structure with earthquake coda
and ambient seismic noise. We demonstrate
that resolving small velocity changes with ambi-
ent noise, in contrast to imaging velocity struc-
ture, is not prone to bias arising from erroneous
Green’s functions. In other words, for detecting
small changes, the distribution of noise sources
needs not be uniform: the only requirement is
that the noise source is stable. Various types
of “dirty” passive or active sources, of anthro-
pogenic origin even (e.g., traffic, drilling), can be
envisioned as tools to precisely probe the subtle
signatures of changing conditions. Within vol-
cano seismology, new approaches to monitoring
volcanic structure are possible using sources be-
sides the oceanic microseism, such as continu-
ous volcanic tremor.
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Gregory C. Beroza, Stanford University

Faulting in nearly all earthquakes occurs as shear slip, and the elastic rebound hypothesis
of strain accumulation and release — though over a century old — forms the basic framework
to interpret earthquake occurrence. Earthquake scientists have developed a wealth of ideas
based on observation, theoretical considerations, and laboratory experiments, about the details
about how faults work, but the fact that aspects of earthquake behavior continue to surprise
us testifies to the fact that we have a lot still to learn about fault mechanics, and that the field
of earthquake science is not yet mature. In this talk | will illustrate this point with some recent
examples, including: slow earthquakes, the depth-dependence of fault behavior, the mechanism
of intermediate-depth earthquakes, the role of large-scale geometry in rupture dynamics, the
importance of fault roughness, and the potential importance of plastic deformation.

Beyond faulting itself, understanding the factors that control the shaking that results from
faulting is an area in need of focused, fundamental research. The systematics and variability of
earthquake faulting as expressed by earthquake scaling relations and variations of earthquake
source parameters, exerts a strong influence on strong ground motion. The strong spatial varia-
tions in ground motion intensity argue for observations with sufficient density to capture that
variability. Even with dense observations, the need to supplement observations with accurate,
validated earthquake simulations, and the need to manipulate, and infer structure, from large
waveform data sets have introduced high-performance computing drivers into earthquake sci-
ence for both capacity and capability computing that will only grow with time.

An emerging motivation for understanding the mechanics of faulting is that it has become
increasingly clear that understanding earthquakes is central to future energy options. Most ob-
viously, the future of nuclear power is deeply intertwined with understanding and mitigating the
threat posed by earthquakes. Possible induced earthquakes related to shale gas development,
enhanced geothermal development, and CO, sequestration are poorly understood, but manag-
ing them could prove critical to developing these alternative low/no-carbon energy options for
the 215t century.

CeNSE - Hewlett-Packard’s Central Nervous System for the Earth
James Stasiak, Hewlett-Packard Company

CeNSE, the Central Nervous System for
the Earth is Hewlett-Packard’s vision for a
new level of awareness created by the fusion
of networks of millions of sensors, always-
available data storage, and advanced analysis
tools. Our sensor effort is focused on creat-
ing a Moore’s Law for sensing using nanotech-
nology to push the boundaries of size, power
consumption and integration to create more
capable sensor nodes at lower cost. Our net-
working effort lays the conceptual groundwork
for the communication fabric of a global-scale
sensor network, including new architectures,
protocols, and codes with scalability and ver-
satility. Our analytics effort implements real-
time event visibility to develop actionable infor-
mation from data. Integrating sensors within a
complete system that encompasses sensors,
networks, storage capabilities, and computa-
tion and analysis tools will enable a new level
of awareness, revolutionizing communication
between objects and people.

The first part of this presentation will focus

on HP’s development of a new class of ultra-
sensitive, low-power, seismic-grade MEMS ac-
celerometers that can deliver high-precision
data capture at ultra-low frequencies. When
integrated into a large-scale wireless network,
this technology will enable a wide range of
seismic survey and monitoring applications
including more effective oil and gas explora-
tion. The second part of the presentation will
focus on HP’s development of other sensing
technologies designed to bring the same level
of sensitivity, scalability and versatility to oth-
er physical domains including a new approach
to chemical and biological sensing using a
novel, nanofabricated Surface Enhanced Ra-
man Spectroscopy (SERS) technology. Finally
I will end with a brief overview of our current
efforts in the development of next-generation
sensors and discuss how new discoveries in
quantum photonics, nanofabrication and fun-
damental device physics are being used to
create sensors that will offer unprecedented
performance and capabilities.



Where We Were, Are, and Hope to Go with Ground
Motion Recording Systems
Adam T. Ringler, Albuquerque Seismological Laboratory, U. S. Geological Survey

The wide frequency band (sub mHz to hundreds of Hz) of interest as well as the dynamic range
required (over 200 dB of dynamic range) in modern seismology is truly amazing. Our current seismic
systems are able to record very long period Earth tides as well as near fault high frequency ground
motions. Looking back, our field has come a long way from Zhang Heng’s initial seismoscope (~12
dB of dynamic range) and we are no longer satisfied at characterizing earthquakes as “somewhere in
the East.” The first global networks using paper records (~46 dB of dynamic range) were revolution-
ized when the seismic community moved to digital recording systems (~96 dB of dynamic range).
Even these systems were quickly superseded by our modern recording systems (~156 dB of dynamic
range) and as with any technology we can only expect this to improve. In this talk we will explore
where the innovations in our data systems and recording devices might come from, some of the limita-
tions we might encounter, and some of the things we hope to see in recording systems as we move
forward in our ability to measure ground motions.

Communications Enabling the Next Generation of Seismic Systems
Frank Vlernon, University of California, San Diego

In the last 20 years, the communication infrastructure has developed rapidly and has dramatically
impacted seismology. Projects such as the NSF EarthScope USArray program went from a concept
phase in the 1990s to the current day fully operational real time streaming data system. What allowed
this to happen was that the rapid evolution of moderately low power, IP-based satellite systems and
the advent and proliferation of digital mobile phone communications at affordable costs. Looking into
the future, seismology will have observing systems spanning from very dense two dimensional and
even three dimensional arrays, to regional scale arrays and networks, to global scale networks. We
will continue to probe with the goal of resolving Earth structure with much higher resolution. Higher fre-
quency measurements will be made to understand the physics of the earthquake source. Sensors will
be deployed in some of the remotest parts of the planet including long term monitoring observations
on the seafloor and in the arctic regions. Will we be able to overcome current limitations of wireless
communication? In remote locations and harsh environments, such as the subsurface and the ocean
bottom, what technologies will allow us to extract the information and knowledge we need and also
creates data sets which can be reanalyzed as new algorithms are developed? To make effective use
of our data streams, we will need to incorporate new communication methodologies that are being
driven by the demands for mobile communications and networking in the terrestrial environment and
to embrace advances in cables, acoustics, and optical communications in the marine environment.

Communicating and Advancing Environmental Understanding
Dan Fay, Microsoft Research

Our understanding of the world around us is  that help researchers manipulate and explore
evolving, and with evolution comes the need for  massive datasets. The speed at which any given
adaptation. Environmental scientific research is  scientific discipline advances will depend on how
increasingly having to adapt — from dealing with  well its researchers collaborate with one anoth-
increasingly large and growing datasets, to trying  er, and with technologists, in areas of eScience
to credibly inform the public and policy makers. such as databases, workflow management, visu-
There is a need to have new types of applica- alization, and cloud computing technologies.
tions grounded in scientific research to move Technology reinforced by computing is demon-
from raw discovery, to knowledge, to informing  strating the capacity to improve our environmen-
practical decisions. There are opportunities to  tal understanding. This talk contains examples
utilize computing to visualize and analyze seis-  of environmental changes and the challenges
mic information in new ways to gain insights. that are the focus of scientific investigation; it

Increasingly, scientific breakthroughs will be  also identifies technologies and tools that can
powered by advanced computing capabilities make an impact on these understandings.
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Cyber-Social-Seismic Networks
Jesse F. Lawrence, Stanford Universitya

Modern technology, cyber-infrastructure, and citizen science are ushering in a new era for
strong-motion seismic data gathering loosely described as cyber-social-seismic networking. This
represents one of several technological steps that the earthquake seismology community will
encounter over the coming years. In a community that always expects more and sets the stan-
dards for how scientists should interface with each other and the public, cyber-social-seismic
networking is inevitable.

To fulfill the exponential growth of seismic observations our community craves, we must re-
duce 1) equipment costs, 2) installation time, 3) maintenance time, 4) operation costs, and 5)
retro-active metadata corrections. The Quake-Catcher Network (QCN) is one of several networks
designed and built to test one method for achieving these goals. We reach these objectives by
connecting low-cost 3-axis micro-electro-mechanical systems (MEMS) accelerometers to the USB
ports on internet-connected computers hosted by volunteers. The volunteers install QCN sen-
sors and provide Internet, power, and shelter, thereby reducing installation, operation and mainte-
nance costs. The sensor data automatically uploads from the volunteer’s computer to the QCN
server, including metadata, so no post-facto human intervention is necessary.

Since 2008, QCN'’s volunteer computers have recorded and detected strong-motion accelera-
tions from 1000s of moderate-to-large events worldwide. QCN'’s sensors record earthquakes
with PGAs comparable to traditional strong-motion sensors (e.g., the Episensor), have accurate
time (error typically <2 ms), and best of all — archive data automatically. Every 18 months the
low-cost MEMS technology improves such that the noise floor approximately halves, which means
more lower-magnitude earthquake records from greater distances. While this improvement is
expected to slow or stop at some point due to electronic noise and Brownian motion, silicon
chips follow Moore’s Law and disk storage follows Kryder’'s Law despite similar expected limita-
tions. Furthermore, there is great research going into parallel sensor systems, which can greatly
improve the stacked signal.

What can Cyber-Social-Seismic Networks do for us now?

Cyber-social-seismic networks are able to detect and characterize earthquakes rapidly. For
example, QCN’s median time between earthquake origin and earthquake detection near dense
networks is ~9s. The magnitude estimates are within 1 magnitude unit for >90% of the earth-
quakes for this short delay. Due to the large number of sensors, such networks can yield no false
detections even with ultra-fast algorithms that utilize only early parts of the waveform. AlertMaps
and web content related to each event can be created and updated very rapidly (< 1s). The ease
of installing sensors following large mainshock events (e.g., Maule, Chile and Darfield, New Zea-
land) allows cyber-social-seismic networks to rapidly deploy in populated regions to measure the
aftershocks. Such rapid aftershock mobilization programs benefit scientists and citizens alike.

What will Cyber-Social-Seismic Networks do for us in the Future?

Increasingly dense networks of increasingly sensitive accelerometers, will take advantage of
array processing techniques that benefit from N(N-1)/2 relative observations between N records,
rather than just N observations. Several examples include cross-correlation back-projection tech-
niques, travel-time tomography, small-scale ambient noise tomography from virtual source up
through to a building rafters, evaluation of un-aliased high-frequency (0.2-1Hz) amplification ef-
fects.

The Future of Temporary Deployments

Rick Aster, New Mexico Tech

The general technology and methodology associated with IRIS PASSCAL and similar portable
research instrumentation pools for imaging and other seismological studies during the past
25 years has been remarkably stable; one could argue that the last major development of the
present system was the wholesale incorporation of GPS timing (and the retiring of other timing
systems) circa 20 years ago! The general reasons for this remarkable level of stasis are that the
current technology is highly effective and has only recently begun to reach its limits of scalability.
The phenomenal success of portable force feedback broadband seismic sensors in capturing
an extraordinarily valuable sector of the seismological spectrum at an (sometimes semi-) afford-
able cost, the increasing need for ever larger pools of associated standardized dataloggers with
uniform operational protocols, the sporadic nature of sufficiently large funding opportunities to
upgrade large subsets of the instrumentation, and the extraordinarily broad range of evolving
scientific opportunities (which has kept the PASSCAL instrumentation pool very well exercised)
have all contributed to this stable situation. However, as was the case during the inception of
PASSCAL, scientific ambitions and technological capabilities are approaching an interesting and



likely historical juncture where new efforts that would employ much larger pools of portable (short period
through broadband) instrumentation are realizable. This talk will overview some key science targets and
methodologies that can be facilitated by a new “superpool” that would be capable of fielding many hun-
dreds to thousands of seismographs at a time, and will explore what logistical and technical capabilities
will be required to effect their deployment in the next generation of seismological experiments at a range
of spatial and temporal scales.

Ocean Bottom Seismology: Past, Present and Future
Gabi Laske, University of California, San Diego

Until about 15 years ago, ocean bottom seismology was largely confined to active source seismology.

The latter has facilitated detailed studies of the structure and evolution of marine sediments, the crys-
talline crust and the uppermost mantle immediately below the Moho. A few long-range refraction seismic
surveys have hinted a stratification in the oceanic lithosphere but detailed three-dimensional surveys
remained elusive not lastly due to the lack of longterm passive broadband seismology on the ocean floor.
On land, passive broadband seismology has been the key tool since the 1980s to obtain deeper, detailed
views of the mantle. We know from these studies that the mantle can be quite complex, even beneath
regions of large-scale tectonic stability such as continental cratons. Apart from the existence and extent
of mantle plumes, one of the currently most hotly debated topics is the nature and evolution of the lower
lithosphere, the upper asthenosphere and the boundary in between. It is only the combination of broad-
band seismic studies that allows such debates.

Following advances in battery and low-power data acquisition technology, broadband seismology on the
ocean floor finally became a reality about 10 years ago. The advent of the NSF-funded Ocean Bottom
Seismometer Instrument Pool (OBSIP) in 2000 allowed Pls to use shared resources to address key sci-
entific objectives presented in the Oceanic Mantle Dynamics (OMD) Science and Implementation Plans.
These objectives include but are not limited to: the seismic signature and origin of mantle plumes, the
stratification and evolution of the oceanic lithosphere, the depth distribution of seismic anisotropy, the
structure and nature of the continent-ocean boundary. The realization of the OMD Science Plan heavily
depends on the development and establishment of instrumentation in three deployment modi: 1) broad-
band OBSIP instruments to conduct one to two major field projects per year (assuming 3- to 4-year grants
for ~ $1.5 M for science costs + $0.8 M for OBS deployment costs + ship costs); 2) extension of the
global seismic network (GSN) into the oceans to fill crucial gaps in data coverage; this involves borehole
installations of very broadband, observatory equipment; known initially as the Ocean Seismic Network
(OSN) 3) leapfrogging arrays of buried intermediate-band sensors (at $20K/instrument) to augment the
OSN; assumed are 2-year grants ($150K/year + $200K OBS deployment costs + ship costs). Of these,
only the first deployment modus is currently successfully implemented.

While some investigators may report and lament pitfalls in ocean bottom seismology compared to
experiments on land, recent OBSIP deployments have been largely successful regarding instrument recov-
ery, data return and data quality. This essentially allowed the utilization of the full range of seismic tools
including body wave and surface wave tomography, receiver functions, as well as shear-wave splitting and
surface wave azimuthal anisotropy. Truth be told, one has to work around the ocean noise, especially
when working with horizontal-component seismograms, but this is not a show stopper. Still, there is
room for improvement: 1) OBSs have no GPS clocks and recent work indicates that assumed linear clock
drift corrections may not be adequate. The use of atomic clocks helps in this respect; 2) the tilt noise
on the horizontal components is considerable. Burial would likely help but this drives deployment costs
beyond current “reasonable” funding limits. Perhaps, this calls for innovations in data post-processing;
3) equipment deployed in shallow seas needs to be made trawl resistant; 4) equipment needs to be re-
engineered to allow deployment in very deep oceans; the depth limit for most current equipment is 6000
m; 5) the current drop-and-retrieve OBS deployment modus does not allow realtime data access.

It is perhaps this last point that makes current OBS deployments relatively unattractive for studies
with immediate social impact such as earthquake and tsunami monitoring. Solutions include moored
installations and cabled observatories such as H20, MARS or NEPTUNE. Recent advances in wave glider
technology also promise that real time data access in the ocean may be within our reach. There is also
room for thinking broader in terms of sensors used at a particular station. On land, the co-deployment
of accelerometers and (very)broadband seismometers as well as pressure sensors and/or infrasound
equipment greatly expands the range of scientific studies. In the oceans, current instrument packages
routinely include a pressure sensor. A differential pressure gauge (DPG) is extremely successful at record-
ing the passage of a tsunami but it does not appear to be adequate to record wave climate at frequen-
cies much above 1 Hz. Given the high deployment costs on the ocean floor, it seems logical to co-deploy
equipment of even a greater variety of scientific flavors, including non-seismic sensors. This is in fact
the intention of the Ocean Observatory Initiative (OOIl) that evolved from the original OSN idea. Sadly, the
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initial inclusion of the OSN has been dropped along the way and it seems that a top priority of the
seismic community should be to rectify this dilemma.

References:

Forsyth, D. and Detrick, B., Oceanic Mantle Dynamics Science Plan - An Interdisciplinary Initia-
tive to Study the Dynamics of the Oceanic Upper Mantle, July 2000.
Oceanic Mantle Dynamics Implementation Plan: Report of a Community Workshop, September

2002.

both available at http://www.whoi.edu/science/GG/omd/

Computational Resources for Seismology
Jeroen Tromp, Princeton University

In recent years, modeling, simulation and
computation have come to play a central role
in modern solid Earth science in general, and
seismology in particular. Currently, our commu-
nity is poorly organized in terms of high-perfor-
mance computational (HPC) research facilities.
Solid Earth science would benefit from a dedi-
cated HPC center tailored to the unique needs
of our community, taking advantage of existing
open source software. Hardware structure, and
machine access and scheduling policies in
such a facility would reflect the research, edu-
cation & training needs of the solid Earth com-
munity, thereby enabling rapid major advances
in this vibrant area of research. We believe
that such a facility can be set up at one of the
many existing HPC centers in the U.S., allow-
ing us to leverage an existing environment of
HPC knowledge, and avoid the costs of acquir-
ing the physical infrastructure for the hardware.

With dramatic increases in the quality and
quantity of geophysical data and the avail-
ability of sophisticated open-source numeri-
cal modeling tools, we believe that there is a
need for a dedicated HPC center for compu-
tational Solid Earth Science. As an example,
the EarthScope USArray Transportable Array,
the permanent Backbone Array, and the Flex-
ible Array are providing seismologists with a
tsunami of new data. Data analysis is keeping
up with data acquisition only for the computa-
tionally simplest analysis methods, as even
computationally modest analysis is often still
labor intensive. Modeling of and imaging with
this data requires powerful numerical model-
ing tools, automation of routine analysis tasks,
and dedicated high-performance computing fa-
cilities, without which the power of the USArray
as an observational platform for deciphering
North American structure may never be real-
ized. Such a facility was envisioned in the first
IRIS proposal as long ago as 1984. Similarly,
modern geodynamic modeling requires large
HPC resources to make 3D predictions at the
resolution needed to match observations of
deformation, uplift, subsidence, flow patterns

etc., made by different geoscience disciplines
across a range of scales from 1 to 1000 ki-
lometers. It is well known that near surface
properties, such as basin structure and shear
wavespeed and attenuation, control much of
the damaging strong motions during moderate
to great earthquakes. As both fine-scale local
structure as well as regional-scale wave propa-
gation from complex fault rupture scenarios
must be modeled to accurately predict strong
motions, earthquake hazard assessment nec-
essarily requires dedicated HPC resources.

Computing and numerical methods have now
progressed to the point that simulation has
become an integral part of modern Earth sci-
ences, and particularly so for seismology and
geodynamics. The goal of a computational
Earth science center is to provide our com-
munity a system structured specifically for our
simulation/imaging needs, which include large
fast storage capacity, large memory, and a large
number of cores, configured in a system de-
signed for long run-times, which also allows for
user interaction between iterations in compute
intensive inversions.

Most simulations are currently performed on
modest in-house facilities, or through grants
at various national supercomputing centers. A
dedicated simulation center would accommo-
date the substantial computational demands
of modern solid Earth science, including, for
example, kinematic and dynamic rupture simu-
lations to assess seismic hazard, data assimi-
lation simulations in geodynamics, seismology,
and geomagnetism, full waveform inversions in
global and regional seismology, and high-pres-
sure and temperature mineral physics simula-
tions. Such a facility would not obviate the need
for local resources, instead the local facilities
would be used for development, scenario test-
ing, and education, acting as the on-ramp to
the Earth science HPC facility. The facility would
benefit investigators at universities that have
limited HPC resources by providing facilities,
software engineering, training and a community
specific environment to draw on.
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Kiel), Celine Tirel (Dublin Institute for Advanced
Studies)

26 Ryan C. Porter (Department of Terrestrial Magne- Seismic Structure of the Lithosphere Within the Great
tism, Carnegie Institution of Washington), Matthew Basin
J. Fouch (Department of Terrestrial Magnetism,
Carnegie Institution of Washington)

27 YoungHee Kim (Lamont-Doherty Earth Observatory), | Imaging Mega Thrust Zone in Alaska Subduction Zone
Geoffrey A. Abers (Lamont-Doherty Earth Observa-
tory), Jiyao Li (Lamont-Doherty Earth Observatory),
Doug Christensen (University of Alaska, Fairbanks),
Josh Stachnik (University of Alaska, Fairbanks)

28 Elmer Ruigrok (Delft University of Technology), Dylan | Scanning for Velocity Anomalies in the Crust and Mantle
Mikesell (Boise State University), Kasper van Wijk with Diffractions from the Core-mantle Boundary
(Boise State University)

29 Ryan Porter (Department of Geosciences, The Shear-Wave Velocities in the Pampean Flat-Slab Region

from Rayleigh Wave Tomography: Implications for Slab and
Upper Mantle Hydration

Heather Ford (Brown University), Karen Fischer
(Brown University), Vedran Lekic (University of Mary-
land)

The Lithosphere-Asthenosphere Boundary Beneath Califor-
nia




31

Joe McClenahan (University of Wyoming), Ken
Dueker (University of Wyoming), Katie Foster (Uni-
versity of Wyoming), Steve Hansen (University of
Wyoming), Brandon Schmandt (California Institute of
Technology)

West of Mississippi River Ps/Sp Images from EarthScope-
PASSCAL Data: Taxonomy of LAB and MLD Negative Velocity
Gradients and Interpretation of the MLD as a Metasomatic
Freezing Front

32 Vera Schulte-Pelkum (U Colorado Boulder), Glenn Differential Motion Between Upper Crust and Lithospheric
Biasi (U Nevada Reno), Anne Sheehan (U Colorado Mantle in the Central Basin and Range
Boulder), Craig Jones (U Colorado Boulder)

33 L.S. Wagner (UNC-Chapel Hill), M.D. Long (Yale Uni- | PULSE: The Peru Lithosphere and Slab Experiment
versity), S.L. Beck, G. Zandt (University of Arizona),

H. Tavera (Instituto Geofisico De Peru)

34 Weisen Shen (Center for Imaging the Earth’s Interior, | A 3-D Shear Velocity Model of the Crust and Uppermost
Department of Physics, University of Colorado at Mantle Beneath the Western US from Bayesian Monte
Boulder), Michael H. Ritzwoller (Center for Imaging Carlo Inversion of Surface Wave Dispersion and Receiver
the Earth&rsquo;s Interior, Department of Physic) Functions

35 Derek Schutt (Colorado State University), Janine Constraining Lithospheric Geotherms through Joint Inver-
S. Buehler (University of California at San Diego), sion of Surface Heatflow and Pn Temperatures
Anthony R. Lowry (Utah State University), Ken

36 Steven M. Hansen (University of Wyoming), Ken Structure and Support of the Southern Rocky Mountains

* Dueker (University of Wyoming) from CREST and TA Seismic Data

37 Amberlee Darold (University of Oregon), Gene Hum- | Explaining the Columbia River Flood Basalts
phreys (University of Oregon)

38 Huaiyu Yuan (Berkeley Seismological Laboratory), Azimuthal anisotropy in the global upper mantle

Barbara Romanowicz (Berkeley Seismological Labo-
ratory)

Mantle and Core Structure and Dynamics

39 Songgiao Shawn Wei (Washington University in St. The Seismic Structure of the Lau Backarc Spreading Center
Louis), Douglas A. Wiens (Washington University in from Rayleigh Wave Tomography
St. Louis)

40 Jing Jin (University of lllinois at Urbana-Champaign), | Velocity and Attenuation Structure of the Earth’s Inner

* Xiaodong Song (University of lllinois at Urbana- Core Boundary Based on an Automatic Waveform Modeling
Champaign) Method

41 |. Palomeras (Rice University), S. Thurner (Rice PICASSO: Lithosphere Structure in the Western Mediter-

* Unversity), K. Liu (Rice University), A. Levander (Rice | ranean from Ps Receiver Functions and Rayleigh Wave
University), J. Gallard (ICTJA-CSIC) Tomography

42 Yanhua Yuan, Frederik Simons, et alia (Princeton Solving Global Tomographic Models with 3D Spherical

* University) Wavelets

43 Lun Li (University of Houston), Aibing Li (University Rayleigh Wave Tomography in the Northeastern Tibetan

* of Houston), Yang Shen (University of Rhode Island), | Plateau
Eric A Sandvol (University of Missouri), Danian Shi
(China Academy of Geological Sciences, Hongyi)

44 Haiying Gao (University of Rhode Island), Yang Shen | Seismic Evidence for 3D Decompression Melting at the

* (University of Rhode Island) Cascadia Subduction Zone

45 Brandon Schmandt (Caltech), Ken Dueker (U. Wyo- Mapping Transition Zone Topography Beneath USArray
ming), Steve Hansen (U. Wyoming)

46 Z. Eilon (Lamont-Doherty Earth Observatory of The CDPapua Experiment: A Seismological Investigation of

Columbia University, Palisades, NY USA), YH. Kim
(Lamont-Doherty Earth Observatory of Columbia
University, Palisades, NY USA), G.A. Abers (Lamont-
Doherty)

the Woodlark Rift, Papua New Guinea




netism, Carnegie Institution of Washington), John
D. West (School of Earth and Space Exploration,
Arizona State University)

47 Kenneth Smith (NSL-University of Nevada Reno), Moho-Depth Diking and Rifting of the Sierra Nevada Micro-
David von Seggern (NSL-University of Nevada Reno), | plate
Graham Kent, NSL-University of Nevada Reno (Amy
Eisses, NSL-University of Nevada Reno), Neal
Driscoll (NSL-University of Nevada Reno)
48 Melissa M. Moore-Driskell (University of Memphis), | 3D Double Difference Velocity Tomography of Costa Rica
Heather R. DeShon (University of Memphis), Wolf- and Nicaragua
gang Rabbel (Christian-Albrechts-University), Martin
Thorwart (Christian-Albrechts-University), Yvonne
Dzier
49 Matthew J. Fouch (Department of Terrestrial Mag- The Mantle Flow Field Beneath Western North America

Chunquan Yu (EAPS-MIT), Xuefeng Shang (EAPS-
MIT), Robert van der Hilst (EAPS-MIT), Maarten de
Hoop (CCAM-Purdue)

Seismic Imaging of the Upper Mantle Discontinuities
Across the Western United States: CCP and ARF-RTM Ap-
proach

Yang Shen (U Rhode Island), Wei Zhang (U Rhode
Island)

Full-Wave Ambient Noise Tomography of the Eastern Hemi-
sphere

Katie Foster (University of Wyoming), Ken Dueker
(University of Wyoming), Steve Hansen (University of
Wyoming), Brandon Schmandt (CalTech)

Sp Imaging of the Sierra Nevada Range, Isabella Anomaly,
and Gorda Plate

Katie Foster (University of Wyoming), Ken Dueker
(University of Wyoming), Steve Hansen (University of
Wyoming), Brandon Schmandt (CalTech)

Sp imaging of the Escalante Anomaly in Southern Utah

John A. Collins (Woods Hole Oceanographic Institu-
tion), Cecily J. Wolfe (University of Hawaii at Manoa)

54 Risheng Chu (Caltech), Wei Leng (Caltech), Don V Hidden Hotspot Track beneath Eastern United States
Helmberger (Caltech), Michael Gurnis (Caltech)
55 Gabi Laske (Scripps Institution of Oceanography), Rayleigh Waves from the PLUME Network Document Asym-

metric Lithosphere and Asthenosphere Structure beneath
the Hawaiian Swell

S W French (UC Berkeley; Berkeley Seismological

Laboratory), Vedran Lekic (University of Maryland),
Barbara Romanowicz (UC Berkeley; Berkeley Seis-
mological Laboratory)

Global Waveform Tomography of the Upper Mantle Using
the Spectral Element Method: A Second-Generation Model

bara Romanowicz (University of California, Berkeley;
College de France)

57 Sanne Cottaar (UC Berkeley), Barbara Romanowicz | A large ultra-low-velocity zone at the base of the mantle
(UC Berkeley) near Hawaii
58 Zhao Zheng (University of California, Berkeley), Bar- | Apparent &ldquo;double SS precursors&rdquo;: artifacts

from scattering at the Rocky Mountain Front

Episodic Tremor and Slip, Triggered Earthquakes

Blaine Bockholt (University of Memphis), Charles
Langston (University of Memphis), Heather DeShon
(University of Memphis)

Possible Nonvolcanic Tremor on the Reelfoot Fault?

i
i

John D. West (Arizona State University School of
Earth and Space Exploration), Matthew J. Fouch
(Carnegie Institution of Washington Department of
Terrestrial Magnetism)

Investigating Long-term Seismic Activity Using Integrated
Ground Motion

62

*

Aurelie Guilnem (Berkeley Seismological Laboratory
now at Lawrence Berkeley National Laboratory),
Robert M. Nadeau (Berkeley Seismological Labora-
tory)

Nonvolcanic Tremors and Deep Slow Slip Events in Central
California




63 Aaron A. Velasco (University of Texas at El Paso), Bulk Processing of USArray Data in Search of Dynamic
Deborah L. Kilb (Scripps Institution of Oceanogra- Earthquake Triggering
phy), Kristine L. Pankow (University of Utah)
64 Pascal Audet (University of Ottawa), Susan Y Structural and Hydrologic Controls on Subduction Zone
Schwartz (University of California Santa Cruz) Seismogenic Behaviour at the Nicoya Peninsula, Costa Rica
65 Danielle F. Sumy (National Science Foundation Investigating the Spatial and Temporal Distribution of Earth-
* Postdoctoral Fellow visiting at the United States quakes and Tremor Along the Cholame Segment of the San
Geological Survey, Pasadena, CA, USA), Elizabeth S. | Andreas Fault
Cochran (United States Geological Survey, Pasa-
dena, C)
66 Justin R Sweet (University of Washington), Kenneth | Systematic Variability in LFE Recurrence Time Up and Down-
* C Creager (University of Washington) dip
67 Kevin Chao (Georgia Tech), Zhigang Peng (Georgia Global Observations of Triggered Tectonic Tremor
Tech), Hector Gonzalez-Huizar (U.T. El Paso), Chastity
Aiken (Georgia Tech), Aaron Velasco (U.T. El Paso)
68 Stefany M. Sit (Miami University), Michael R. Brudz- | Quantifying Tectonic Tremor in Southern Mexico and its
* inski (Miami University) Curious Relationship to Slow Slip, Earthquakes, and other
Tremor Triggers
69 T. Thomas (University of Washington), J.E. Vidale Zooming-In on Cascadia Episodic Tremor and Slip with an
(University of Washington), A. Ghosh (University of Array of Arrays
California Santa Cruz), K.C. Creager (University of
Washington), H. Houston (University of Washington,)
70 Susan Y. Schwartz, Jake Walter (UC Santa Cruz), Slow Slip and Tremor at the Northern Costa Rica Subduc-
* Marino Protti, Victor Gonzalez (OVSICORI-UNA, Costa | tion Zone
Rica), Andrew Newman (Georgia Institute of Technol-
ogy)
71 Manahloh Belachew (University of Rochester), Cindy | Dynamics of Dike Intrusions and 3D Velocity Structure
* Ebinger (University of Rochester), Dustin Cote (Uni- | beneath an Incipient Seafloor Spreading Center in Afar,
versity of Rochester) Ethiopia
72 Jacob Walter (University of California Santa Cruz), Shallow Offshore Tremor and Slow Slip at the Nicoya Penin-
* Susan Y. Schwartz (University of California, Santa sula, Costa Rica
Cruz)
73 Amanda Klaus (University of Washington), Ken Crea- | Influence of Tides on Cascadia Tremor Amplitudes
ger (University of Washington), Aaron Wech (Victoria
University of Wellington), Justin Sweet (University of
Washington)
74 Carl Ulberg, Ken Creager, Justin Sweet, Aaron Wech | Search for Tectonic Tremor in Central Chile Following the
February 2010 Maule Earthquake
75 Ken Creager (U. Washington), Justin Sweet (U. Slow Rupture Speed of Low Frequency Earthquakes
Washington)
76 Jing Wu (CAS), Zhigang Peng (GT), Weijun Wang Comparisons of dynamic triggering near Beijing, China fol-
(CEA), Xuan Gong (CEA), Qi-Fu Chen (CAS), Chun- lowing the recent Sumatra earthquakes
quan Wu (LANL)

THURSDAY - June 14

Faults, Earthquakes, and Other Sources

* Student Presentations

77 Kate Allstadt (University of Washington), Steve Correlation Between Repeating Earthquake Activity and
* Malone (University of Washington), John Vidale (Uni- | Weather at Mount Rainier Volcano

versity of Washington)
78 Kayla A. Kroll (UC Riverside), Elizabeth S. Cochran Complex Faulting in the Yuha Desert Shown By Newly De-

(US Geological Survey), Keith B. Richards-Dinger (UC
Riverside)

tected Aftershocks
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Steven R. Taylor (Rocky Mountain Geophysics),
Phillip E. Harben (Rocky Mountain Geophysics),
Steve Jarpe (Jarpe Data Solutions), David B. Harris
(Deschutes Signal Processing)

Ground Truth Monitoring System

Jeffrey S. Lockridge (School of Earth and Space
Exploration, Arizona State University), Matthew J.
Fouch (Department of Terrestrial Magnetism, Carn-
egie Institution of Washington), J Ramon Arrowsmith
(Arizona State University)

Capturing Small-Scale Seismicity with EarthScope’s USArray
Transportable Array

81 Ellen M. Syracuse (University of Wisconsin-Madi- Temporal and Spatial Evolution of Hypocentres and Anisot-
son), Rob A. Holt (Victoria University of Wellington), | ropy from the Darfield Aftershock Sequence: Implications
Martha K. Savage (Victoria University of Wellington), [ for Fault Geometry and Age
Jessica H. Johnson (Victoria University of Wellington)

82 Kasper van Wijk (Boise State University), Dylan Estimating the Rayleigh-wave Impulse Response Between
Mikesell (Boise State University), Vera Schulte-Pel- Seismic Stations with the Cross Terms of the Green Tensor
kum (CU Boulder), Josh Stachnik (UofA Fairbanks)

83 Deb Fagan (Boise State University), Kasper van Wijk | Spectral Analysis for Earthquake Cluster Detection
(Boise State University), Jim Rutledge (MEQ Geo)

84 Oner Sufri (University of Utah), Keith D. Koper (Uni- Microseisms from 2009 Hurricane Ida Recorded Across the
versity of Utah) Transportable Array

85 K.K. Davenport (Virginia Tech), J.A. Hole (Virginia Aftershock Imaging with Dense Arrays (AIDA) Following the

Tech), L.D. Brown (Cornell University), D.A. Quiros
(Cornell University), L. Han (Virginia Tech), W.
Mooney (U.S. Geological Survey Menlo Park), M.
Chapman (Virginia Tech)

August 23, 2011 Virginia Earthquake

86 Jonathan Tytell (UC San Diego), Frank Vernon (UC Real-Time Observation of EF3 Tornado Passage Near USAr-
San Diego), Jennifer Eakins (UC San Diego) ray TA Station Y46A on 4/27/2011
87 Rachel E. Abercrombie (Boston University) Comparison of Direct and Coda Wave Stress Drop Measure-
ments for the Wells, Nevada, Earthquake Sequence
88 Lingsen Meng (Caltech), Jean-Paul Ampuero Rupture Branching of the 2012 M8.6 Sumatra Earthquake
(Caltech), Joann Stock (Caltech), Zacharie Duputel
(Caltech), Yingdi Luo (Caltech), Victor Tsai (Caltech)
89 Joshua R Richardson, Gregory P Waite (Michigan Source Inversion of Repetitive Long-Period Seismicity be-
* Technological University) neath Villarrica Volcano, Chile
90 Jaime A. Convers (Georgia Institute of Technology), The Use of Seismic Energy Release for Real-time Charac-
* Andrew V. Newman (Georgia Institute of Technology) | terization of Tsunami Potential from Slow-source and Giant
Earthquakes
921 Shaun Finn (Boise State University), Lee Liberty Near Surface Exposures of Megathrust Splay Faults in
(Boise State University) Prince William Sound, Alaska
92 Chen Ji (UCSB), Guangfu Shao (UCSB), Gavin Hayes | A Multiple Double Couple Analysis of the April 11, 2012
* (NEIC, USGS), Xiangyu Li (UCSB) Mw 8.6 Off the West Coast of Sumatra Earthquake and its
Largest Aftershock
93 Guangfu Shao, Chen Ji, and Ralph Archuleta (Depart- | Quality of Earthquake Source Models Constrained by Tele-
ment of Earth Science, University of California Santa | seismic Waves: Using the 2011 M9 Tohoku-Oki Earthquake
Barbara) as an Example
94 Kasey Aderhold (Boston University), Rachel E. Aber- [ Oceanic Strike-Slip Earthquakes Along the Sumatra Subduc-
* crombie (Boston University) tion Zone
95 K. M. Cleveland (Penn State), T. F. VanDeMark (AF- Precise Relative Relocation of Oceanic Transform Fault
TAC), C. J. Ammon (Penn State) Earthquakes Using Rayleigh-Waveforms
96 Eric Matzel (Lawrence-Livermore National Labora- Imaging faults using virtual seismometers
tory)
97 Max Bezada (University of Oregon), Gene Humphreys | Contrasting rupture processes for sub-events within a well-

(University of Oregon)

recorded deep earthquake




Instrumentation, E&O, and Other

98

A. T. Ringler (U.S. Geological Survey), D. Wilson
(U.S. Geological Survey), C. R. Hutt (U.S. Geologi-
cal Survey), L. S. Gee (U.S. Geological Survey),

Y. Prior (Honeywell Technology Solutions Incorpo-
rated)

Calibration Coil Forcing Constants from Sine Waves

99

David Wilson (USGS Albuquerque Seismic Lab),
Adam Ringler (USGS Albuquerque Seismic Lab),
Tyler Storm (HTSI Albuquerque Seismic Lab), Bob
Hutt (USGS Albuquerque Seismic Lab), Lind Gee
(USGS Albuquerque Seismic Lab)

The Importance of Removing Seismic Sensor Instrument
Response

100

Katherine E. Anderson (New Mexico Tech), Jacob
F. Anderson (New Mexico Tech), Robert E. Anthony
(New Mexico Tech), Julien Chaput (New Mexico
Tech), Nicole D. McMahon (New Mexico Tech), Em-
ily A. Morton (New Mexico Tech)

A Site Comparison Between Shallow Vault-Deploted and
Direct Burial Broadband Seismometers

101 Alberto Lopez-Venegas (University of Puerto Rico, Focal Mechanisms & Thermal Fluctuations of Seismom-
Mayaguez), Dwight Williams (Morehouse College/ | eters
University of Michigan)
102 Elizabeth S. Cochran (U.S. Geological Survey), Ground Motion Estimates and Rapid Earthquake Detection
Jesse F. Lawrence (Stanford University), Angela Using the Quake-Catcher Network
Chung (Stanford University), Anna Kaiser (GNS
Science), Bill Fry (GNS Science), John Evans (U.S.
Geological Survey)
103 Jonathan Berger (Scripps Instution of Oceanogra- | Autonomously Deployed Deep-Ocean Seismic System
phy), John Orcutt (SIO), Gabi Laske (SIO), Jeff Bab-
cock (S10), John Brennan (Liquid Robotics, Inc.,)
104 T. Dylan Mikesell, Kasper van Wijk (Department of | Monitoring Glacier Surface Seismicity in Time and Space
Geosciences, Boise State University) Using Rayleigh Waves
105 Emily Wolin (Northwestern University), Suzan van Evaluation and Animation of Noise at SPREE Flexible Array
* der Lee (Northwestern University) and Transportable Array Stations
106 Zagid Abatchev (UCLA), Paul Davis (UCLA) Seismicity Distribution in the Peruvian Andes
107 Monica Maceira (Los Alamos National Laboratory), | 3D Seismic Models and Finite-Frequency vs Ray Theoretical
Carene Larmat (Los Alamos National Labora- Approaches
tory), Rob Porritt (UC Berkeley), Richard Allen (UC
Berkeley), Charlotte Rowe (Los Alamos National
Laboratory)
108 Michael Hedlin (UCSD), Kris Walker (UCSD), Doug [ A Study of Infrasonic Anisotropy and Multipathing in the
Drob (NRL) Atmosphere Using Seismic Networks
109 Hui Long (Stony Brook University) Using Repeating Earthquakes to Quantitatively Determine
Temporal Changes of Medium Proper
110 Jennifer M. Tarnowski (University of California, Riv- | Preliminary dynamic models of potential earthquakes in the
* erside), David D. Oglesby (University of California, | San Gorgonio Pass, CA
Riverside)
111 Steven C. Jaume (College of Charleston) Teaching Undergraduate Seismology with Spreadsheets
and Global Earthquake Explorer (GEE)
112 Kasper van Wijk (Boise State University), Ted Chan- | Recording Earthquakes with the Slinky Seismometer
nel (Boise State University), Martin Smith (Blind-
goat Geophysical), Chris Knudsen (New England
Research Inc)
113 Glenn C. Kroeger (Trinity University, San Antonio, SeismicCanvas: Interactive Software for Accessing and

TX)

Analyzing Seismic Waveform Data




BOTH DAYS - June 13-14

Facility

IRIS staff members will be available to share literature and discuss IRIS facilities during the
poster session on both days at these and other posters, as well as an Active Earth Monitor.

Bob Butler (University of Portland), Tammy Bravo (IRIS),
Michael Hubenthal (IRIS), Jenda Johnson (Volcano Video
Productions), Aubrey Patsika (IRIS)

IRIS: InClass - Infrastructure to Support the Dissemination
and Implementation Seismology Education Resources at
the Undergraduate Level

Patrick McQuillan (IRIS Consortium), Russ Welti (IRIS Con-
sortium), Shelley Olds (UNAVCO)

Create a Real-Time Geoscience Display for Your Depart-
ment’s Lobby

Michael Hubenthal (IRIS), John Taber (IRIS), Rick Aster (New
Mexico Tech)

IRIS” Undergraduate Internship Program Celebrates its 15th
Year and Offers New Opportunities for Community Involve-
ment!

The Staff of the Albuquerque Seismological Lab

Data Quality Control procedures at the USGS Albuquerque
Seismological Lab (ASL)

L. Astiz, J. A. Eakins, V. M. Martynov, T. A. Cox, J. Tytell, G.H.
Karasu, R.L. Newman, J. C. Reyes, G. A. Davis, F.L. Vernon
(All at U.C. San Diego, Scripps Institution of Oceanography)

The ANF Seismic Bulletin

Celso G Reyes (IRIS DMC), Chad Trabant (IRIS DMC), Yazan
Suleiman (IRIS DMC), Rich Karstens (IRIS DMC)

MATLAB Joins the Growing Number of Methods for Direct
IRIS-DMC Data Access

M. Bahavar (IRIS DMC), A. Hutko (IRIS DMC), R. Karstens
(IRIS DMC), C. Trabant (IRIS DMC)

Data products at the IRIS DMC

Ray Willemann (IRIS Consortium), Greg Beroza (Stanford
University), Shuo Ma (San Diego State University)

Leveraging Asynchronous Dense Deployments — An Impor-
tant Benefit from Extending the Operation of “One-in-Four”

TA Stations
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