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TECHNICAL PROGRAM

The following special sessions have been formed for the
technical program. Additional sessions may be added based
on submitted abstracts.

75 Years of Frequency-Size-Distribution of Earthquakes:
Observations, Models and Understanding
Since the power-law scaling of the earthquake-size distribution
has been documented for the first time by Ishimoto and Iida in
1939, 75 years ago, it has becomemost commonly characterized
by the b-value in logN=a-bM, published in 1944 by Gutenberg
and Richter and cited more than 1500 times since then.
A multitude of studies have since been devoted to uncover
the nature of b: From suggestions of being universal and
unity to reports of significant spatial and temporal variation.
From global catalogs to local microseismicity and acoustic
emissions in laboratory experiments. From natural earthquakes
to induced seismicity. From statistical robustness analysis to
b-value imaging and physical interpretation.
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Beyond these aspects, the b-value is frequently used in
seismic hazard analysis for linking the observed smaller to the
infrequent larger event rates, and an improved understanding
of its properties and meaning is crucial to advance future
seismic hazard assessment. Recent years have offered exciting
new insights, according to which the observed natural b-value
variability can be related to physical properties of the crust, in
particular its stress distribution, such as has been suggested from
lab experiments for decades.

We invite b-value related contributions from all scales -
laboratory, induced and natural seismicity - addressing
variability or stability in space and through time. We would
like to discuss statistical requirements, appropriate techniques
and uncertainty treatment; we are particularly interested in
approaches of physical interpretation - (what) canwe learn from
b-valueanalysisaboutthephysicsofthecrustandspatiotemporal
earthquake potential? We also invite studies from different
backgroundsthat facesimilaranalysischallengesorreveal related
characteristics, such as strong along fault heterogeneity - do they
offer new correlation prospects with b? Or what about b-values
in the physical earthquake simulator world?

We aim for a forum to discuss the state-of-the-art in
b-value analysis and its impact and outline future challenges
and opportunities.

Conveners: Thessa Tormann (thessa.tormann@sed.
ethz.ch), Max Wyss (wyss.adh@gmail.com) and Jeanne
Hardebeck (jhardebeck@usgs.gov)

A Decade of Great Subduction Earthquakes - What Have
We Learned From Their Ground-Motions?
Of the nine largest subduction zone earthquakes documented
since 1900, four have occurred in the last 10 years, including;
2004 Sumatra-Andaman Islands and 2005 Nias, Indonesia;
2010 Maule, Chile, and; 2011 Tohoku, Japan. Many of these
earthquakes, together with their aftershocks and a host of
"smaller" -butequally important - independentearthquakeshave
generated large databases of digital ground-motion recordings
and macroseismic intensities.

This session will discuss subduction zone ground-
motion observations (both instrumental and macroseismic)
for modeling hazard and risk globally. We seek contributions
that address a range of questions, including: Can ground-
motion models developed from one global database (e.g.,
Japan) be translated to another region (e.g., Alaska or
Cascadia)? Are current magnitude scaling models appropriate
for Great earthquakes? How do we model the ground-
motionuncertainties?Whatmacroseismiceffects arecommonly
observed fromthese events?Howcanwe leverageofmodernand
historical macroseismic data to inform ground-motion model
development for hazard assessments? Are global monitoring
seismic networks sufficient for monitoring large subduction
events? How can we use this information to mitigate the
potential impacts of future large subduction earthquakes?

Conveners: Trevor Allen (tallen@nrcan.gc.ca) and Gail
Atkinson (gmatkinson@aol.com)

Advances in Seismic Imaging and Monitoring of
Time-Dependent Variations: Civil Structures,
Near-Surface, and Shallow Crustal Scales
This session will cover new developments in seismic imaging
and monitoring, from the sub-meter-scale in engineering
applications for controlling civil structures to the meter-scale
in near-surface seismology, up to the kilometer-scale of shallow
crustal seismology. Contributions dealing with controlled-
source continuous or repeated observations to detect temporal
variations of seismic velocity or other properties are especially
welcome. We invite submissions relevant to theoretical and
practical aspects using both active and passive seismic data,
methodological studies, and studies aimed at developing new
instrumentation. We aim to highlight progress of imaging and
surveillance studies and related research in real-time seismic
hazard monitoring.

Conveners: Marco Pilz (pilz@gfz-potsdam.de) and Nori
Nakata (nnakata@stanford.edu)

Advances in Understanding Earthquake Hazard in Central
and Eastern North America
About twenty M4 to M5.8 earthquakes have occurred since
2010 in the intraplate region of Central and Eastern North
America.Most of these events were well recorded by ANSS and
USArray seismographs and provide data that can contribute
to reducing uncertainties in seismic hazard assessment.
From recordings of these events we seek contributions
providing insights into seismic source characteristics, aftershock
behavior, attenuation, site response, crustal structure relative to
characterization of seismic and aseismic regions, and building
damage.All aspects of studies related to the 2011M5.8Mineral,
Virginia earthquake are of particular interest.

Conveners: Robert Williams (rawilliams@usgs.gov),
Mitch Withers (mwithers@memphis.edu), William
Stephenson (wstephens@usgs.gov) and John Ebel (john.
ebel@bc.edu)

Alaska Update of the USGS National Seismic Hazard Maps
The United States Geological Survey (USGS) plans to update
the Alaska portion of the U.S. National Seismic Hazard Maps
to produce science-based products that will be considered for
inclusion in future building codes, risk assessments, and other
public policy applications. These seismic hazardmaps are based
on our assessment of the "best available science" at the time
of the update, and incorporate a broad range of scientific
input models and parameters. We invite papers discussing new
geologic and geophysical information onAlaska seismic sources
(faults and seismicity) and groundmotionmodels. In particular
we are interested in new paleoseismic fault studies, geodetic
and geologic combined inversions of fault slip rates, and ground
motion models for subduction and crustal sources.

Conveners: Peter Haeussler (pheuslr@usgs.gov), John
Anderson (jga@seismo.unr.edu) and Mark Petersen
(mpeterson@usgs.gov)
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Citizen Seismology: Citizens Helping Science Helping
Citizens
There is a growing trend across scientific disciplines for citizens
to aid scientific research andmonitoring. In seismology, citizens
now contribute both actively and passively to the collection
and analysis of seismic data. These efforts include documenting
macroseismic effects on a scale not imaginable before the advent
of the Internet, contributing to early detection of significant
earthquakes, and hosting of seismometers of various types.
Citizen seismology clearly offers enormous potential to not
only contribute to scientific research but also to push scientists
to better understand and respond to public demands and
expectations after natural disasters. In this session we invite
contributionsthat focusonquantitativeanalysisofmacroseismic
data from both historical and instrumental earthquakes as well
as papers that cover technical aspects of citizen science, ways to
better engage with citizens,and other applications.

Conveners: Paul Earle (pearle@usgs.gov), Susan Hough
(hough@usgs.gov) and Gail Atkinson (gmatkinson@aol.
com)

Cold Climate Installation Techniques and Instrumentation
Developments for Temporary and Long-Term Networks
Temporary and long-term seismic networks reach all corners
of the globe. Over the last decade, the increased interest
in glacier and polar seismology concerning climate research,
and more recently, the move of USArray to Alaska, have
raised expectations that temporary seismic stations will operate
continuously in these extremeenvironments.Polar climatespose
particular challenges to temporary and long-term networks and
the instrumentation that is deployed. Cold temperatures, snow
cover, freeze-thaw cycles and short daylight hours challenge
the operational capabilities of these remote stations. Logistic
constraints limit the size of deployable, off-the-grid power
systems, and limitedwinter access dictates that equipmentmust
operate for many months or years without maintenance visits,
some blind even of state of health information.

This session will focus on new developments in cold-
climate seismic deployments, including enclosures, power
systems, telemetry, instrumentation, and logistics.

Conveners: Bruce Beaudoin (bruce@passcal.nmt.edu)
and Christopher Bruton (cpbruton@alaska.edu)

Deciphering the Earthquake and Tsunami History of
Subduction Zones
Recent great earthquakes and their accompanying devastating
tsunamis in Sumatra, Chile, and Japan highlight the need
for subduction-zone histories that span the hundreds to
thousands of years needed to sample the greatest events. Few
instrumental measurements cover more than a fraction of the
cycle of interplate strain accumulation and release at active
subduction margins. Even on the few coasts with extensive
historical archives, records are too short or incomplete to
fully reconstruct the history of the greatest earthquakes and
highest tsunamis. Without accurate reconstructions spanning
multiple earthquake cycles, there is little hope of understanding
the variables that control how megathrust ruptures nucleate

and extend along subduction zones, how the highest tsunamis
are generated and dispersed across ocean basins, and in
assessing the hazards from these great events. The century
to millennia-long recurrence times of these events dictates
the use of an array of interdisciplinary techniques from, for
example, the fields of stratigraphy, geomorphology, dating,
paleontology, oceanography, and history, to determine the
timing and characteristics of past events. This session will
explore recent developments in reconstructing the histories
of large earthquakes and tsunamis on active subduction
margins worldwide. We especially encourage presentations
comparing and contrasting earthquake and tsunami behavior
at different subduction zones, presentations integrating
multiple techniques to characterize earthquake and tsunami
behavior, and descriptions of new and innovative methods of
investigation.

Conveners: Marco Cisternas (marco.cisternas@ucv.cl),
Lisa Ely (ely@cwu.edu), Ed Garrett (edmund.garrett@
durham.ac.uk), Daniel Melnick (Daniel.Melnick@geo.uni-
potsdam.de), Alan Nelson (anelson@usgs.gov) and Robert
Wesson (rwesson@wispertel.net)

Development of 2014 U.S. National Seismic Hazard Maps
and Their Implementation in Engineering Applications
The 2014 National Seismic Hazard Maps (NSHMs) produced
by the United States Geological Survey (USGS) incorporate
significantchanges intheearthquakecatalog, sourcemodels, and
groundmotionmodels. These seismic hazardmaps are based on
the USGS’ assessment of the "best available science" at the time
of the update, and incorporate a broad range of scientific input
models contributed by the seismological research community.
The NSHMs are used to produce science-based products that
will be considered for inclusion in future building codes, risk
assessments, and other public policy applications. We invite
papers that discuss major changes to the maps or to the input
data and models (e.g., catalog, source models, ground motion
models) since 2008; or discuss improvements in data, methods,
and models that could be used in future maps. Papers that
discuss the impact of the 2014 NSHMs on design maps and
future building codes are encouraged.

Conveners: Sanaz Rezaeian (srezaeian@usgs.gov),
Christine Goulet (goulet@berkeley.edu), John Anderson
(jga@seismo.unr.edu) and Mark Petersen (mpetersen@
usgs.gov)

Development of Next Generation Field Methods for
Portable Broadband Seismic Arrays
Researchers have started to deploy the next generation of
directly buriable broadband seismic sensors after years of
building vaults to protect arguably observatory-grade sensors
that were neither rugged nor water resistant, using shallow
simple vaults that limited their noise performance. The debate
of whether to chase the final 2-10 dB of noise floor in shallow
vaults has shifted to the question of what are the signal-
to-noise ratios required to collect enough events that will
allow more successful deployments with limited logistics and
minimal budgets? This session will present techniques and
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developments to enable broadband seismology to increase
the number of successfully deployed stations with decreasing
logistical budget requirements including use of other types of
shorter-period sensors in mixed-mode arrays.

Conveners: Timothy Parker (tparker@passcal.nmt.edu)
and David E. Hawthorn (dh109@leicester.ac.uk)

Diverse Mechanisms of Subduction Zone Fault Slip:
Exploring the Relationships Among Seismic Rupture,
Transient Slip, and Steady Creep
The release of elastic energy at subduction zone faults can
result in intense ground shaking over broad regions and sea floor
displacement that generates immense tsunamis.Tectonic tremor
and/or slow slip, commonly observed between the seismogenic
zone and down-dip stable sliding, represents an intermediate
mechanism for faults to accommodate plate convergence. Yet
therelative locationof thesedifferent slipbehaviorsvariesamong
subductionzonesbothalong-strike andalong-dip.Additionally,
some subduction zones accommodate strain through aseismic
stable slidingwithin thedepth rangewhere large earthquakes are
expected to occur. Why such variability exists (e.g., frictional,
rheologicalproperties,materialheterogeneity, variations in fluid
pressure) and how it affects great earthquakes (e.g., up-dip or
down-dip extent of seismic rupture, incomplete inter-seismic
coupling) is poorly understood. It also remains unclear whether
these diverse mechanisms are consistent over time or what
role they play in the earthquake cycle. The objective of this
session is to showcase the current understanding on these topics,
and we seek to combine a wide range of abstracts that utilize
observations, theory, ormodelingwith aspects from seismology,
geodesy, lab experiments, and field observations.

Conveners:HarmonyV.Colella (colellhv@miamioh.edu),
Emily C. Roland (eroland@usgs.gov) and Aaron G. Wech
(awech@usgs.gov)

Earthquake Physics and Interaction
This session highlights recent advances in earthquake physics
and the interrelationships between earthquakes in a particular
region. Topics include earthquake clustering, time-dependent
forecasting, scaling relationships, stress drop studies, and
others.

Effects of Topography and Surface Loads on Earthquakes
and Faulting
Topographic features can produce significant stress in the
lithosphere. These topographic stresses can be on the order
of inferred stress drops in earthquakes, raising the possibility
that theymay affect the earthquakeprocesses. In theupper crust,
the topographic stresses can be quite heterogeneous, resulting in
stressheterogeneitiesofboth fault shearandnormal stresses even
if the background tectonic stress is relatively smooth. Dynamic
earthquake simulations have shown that stress heterogeneities
on the order of several MPa or more have a strong effect on the
earthquake rupture process. Additionally, flexure and isostatic
rebound due to changes in water, ice or sediment loads on the
Earth’s surface can affect fault behavior over many earthquake

cycles, and in some cases may trigger earthquakes on relatively
short timescales.

We call for theoretical or empirical research on the
interactions of topography and surface loads with earthquake
behavior. We particularly welcome submissions addressing the
following broad topics: Models of dynamic earthquake rupture
with heterogeneous pre-earthquake fault normal and shear
stress; Constraints on the stress evolution throughout an
earthquake, includingbothstressdropandfinalpost-earthquake
stress; relationship of topographic stresses and rupture in an
individual earthquake; Relationship between topography and
location or style of faulting; Modulation of fault activity due
to changes in surface loads; andMeasurements and quantitative
estimates of stresses near faults.

Conveners: Richard Styron (richard.h.styron@gmail.
com) and Eric Hetland (ehetland@umich.edu)

Emergence of Continuously Recording Very Large Array
Capabilities in Seismology
Enhanced recovery, injection well monitoring, microseismic
monitoring, energy exploration, and reservoir characterization/
monitoring are driving dramatic new commercial-sector seismic
instrument development and analysis techniques in the energy
industry. The associated multichannel capabilities are up to
orders of magnitude greater than have been available to
non-industry-aligned academic seismology. This expansion of
monitoring and imaging scope has also produced renewed
emphasis on the use of broader-band instrumentation at
very large network/array scales. This session will encompass
both the diverse scientific/industry opportunities associated
with the deployment and analysis of very large numbers
of seismographs, and opportunities for associated novel
collaborationswithinthegreaterseismologicalandEarthscience
community.

Conveners: Rick Aster (aster@ees.nmt.edu) and James
Gridley (james.gridley@iris.edu)

Explosive Source Characterization
In this session, we investigate the coupling of explosive
energy to the radiated seismic wave field. Integration of
detailed site setting, material characterization and modeling
efforts for understanding explosive sources is critical for
nuclear test monitoring and verification. In order to relate
near field explosive source phenomenology with far-field
observations in areas where characterization data may not
exist, well-constrained input and validation from materials
testing, structural analysis, field observations, overhead imagery,
subsurface feature detection, first-principle calculations, and
source-to-receiver modeling are required. These approaches
must then be translated into useful, transportable methods
for the verification community to characterize the source
and quantify uncertainties. We invite contributions from all
research focus areas and technologies thatmeld efforts described
above.

Conveners: Catherine Snelson (snelsocm@nv.doe.gov),
Christopher Bradley (cbradley@lanl.gov), Sean Ford
(ford17@llnl.gov) and Kyle Jones (krjones@sandia.gov)
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Fault Structure, Heterogeneity, and Implications for
Rupture Dynamics
Faults are complex zones of highly deformed rock containing
hydro-mechanical heterogeneities from the grain to plate
boundary scale. These heterogeneities influence frictional
properties of faults and control the dynamics of slip instabilities
from episodic tremor and slow slip to large earthquake ruptures.
Rupture nucleation, propagation and arrest may be affected by
variations in intrinsic fault characteristics, for example, fault
hydrology, geometry and structure. While fault structure has
been studied extensively on exhumed faults much remains
unknown about fault structure at depth and its interplay with
earthquake ruptures. Can fault heterogeneity limit the length
of earthquake ruptures and control nucleation points of large
earthquakes?Can fault heterogeneity explain the large diversity
of slip behavior (from exotic slow events to large earthquakes)
observed along faults? How do ruptures depend on faults
characteristics, e.g., roughness, pore pressure and frictional
properties? How does deformation localize within faults and
is the degree of localization a function of fault lithology
and age? How does fault heterogeneity evolve with successive
rupture events? How are off-fault damage zones created?
What is the contribution of dynamically vs. statically created
damage? How is fault heterogeneity connected to the creation
of fore and aftershocks? To encourage an exchange on some of
these questions, we solicit contributions from observational,
numerical and experimental studies of fault structure,
heterogeneity and implications for earthquake ruptures.

Conveners: Thomas H. W. Goebel (tgoebel@gps.
caltech.edu), Thibault Candela (txc32@psu.edu) and
Heather Savage (hsavage@ldeo.columbia.edu)

Fifty Years of Tsunami Science: from the 1964 Earthquake
and Tsunami to the SAFRR Tsunami Scenario - Advances
in Tsunami Source Characterization, Numerical Analysis
and Hazard Mitigation
In recent years, the study of tsunami hazard has evolved from
the traditional numerical modeling environment to include
loss estimates and mitigation measures, partly due to the
large tsunami disasters of the last decade. For instance, the
USGS SAFRR scenario for a large Alaskan tsunami’s impact
inCalifornia rolled out in 2013/2014 to coincide with the 50th
anniversary of the 1964 Alaska earthquake and tsunami. This
session brings together all the different facets of tsunami hazard
analysis, from advances in source characterization, propagation
and runupmodeling to loss estimation andmitigationmeasures.
The session will include several presentations on the SAFRR
scenario, and we invite contributions in the broad range of
tsunami research including tsunami source characterization in
bothdeterministicandprobabilistic framework,newtechniques
and technologies in numerical analysis and hazard mapping.
Studies in the field of tsunami preparedness of the population,
perception of risk, human behavior during the event and
effectiveness of tsunami warnings are welcomed. We expect
the contributed papers to help us better understand the missing
pieces in the existing tsunamimitigation programs and improve
resilience of coastal communities to tsunami hazards.

Conveners: Elena Suleimani (elena@gi.alaska.edu),
Stephanie Ross (sross@usgs.gov), Hong Kie Thio (hong.
kie.thio@urs.com) and Dmitry Nicolsky (djnicolsky@
alaska.edu)

From the Earthquake Source to Damage of Buildings:
Bridging the Gap between Seismology and Earthquake
Engineering
Seismologists and engineers with the capability to understand
the scientific and technical features of physical and numerical
models including the physics of earthquake source, wave
propagation effects, site specific ground motion predictions
and seismic vulnerability of structures, are key professional
figures within the framework of seismic risk assessment and
mitigation studies. Building these professional skills requires
seamless cooperative efforts between earthquake scientists and
earthquake engineers. This expertise is routinely employed
and optimized by a number of governmental, academic
and industrial stakeholders. With the aim of gathering and
promotingthediscussionamongst theaforementionedscientists
and engineers, in this session we welcome innovative studies on
the topics mentioned above, with strong emphasis placed on
practical applications, characterized by a successful integration
of seismological and engineering advancements, tailored to the
mitigation of seismic risk.

Conveners: Luis A. Dalguer (dalguer@sed.ethz.ch),
Carlo Cauzzi (carlo.cauzzi@sed.ethz.ch), Aysegul Askan
(aaskan@metu.edu.tr) and Philippe Gueguen (philippe.
gueguen@ujf-grenoble.fr)

Geometric Complexities Along Strike-Slip Systems: New
Insights on Seismic Hazards, Earthquake Behavior, and
Fault System Evolution
Major, active strike-slip fault zones around the world often
have discrete zones of deformation and elevated seismicity
focused around restraining bends and other geometric
complexities of the trace of the main strike-slip fault. Alaska
contains two world-class examples of extreme deformation
and complex seismicity patterns along major strike-slip fault
systems - the Mount McKinley restraining bend of the
Denali fault, and the Alaskan syntaxis associated with the
Fairweather fault. With this meeting having these dramatic
examples as a backdrop, we seek contributions that provide
global insight into focused zones of deformation along
strike-slip faults and their influence on earthquake rupture
and recurrence behavior, fault system evolution and the
differences in seismic hazards between the primary strike-slip
fault and subsidiary faults. We welcome contributions from
seismology, paleoseismology, thermochronology, structural
geology, geodesy, and analogue/numerical modeling, exploring
both theoretical studies and field-based examinations of
restraining bends around the world, including (but not limited
to) thewell-studiedexamples fromtheSanAndreas fault system,
the major fault systems of central Asia and South/Central
America, the Dead Sea fault, the North Anatolian fault, and
the Alpine fault.
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Conveners: Sean P. Bemis (sean.bemis@uky.edu), Jeff
Benowitz (jbenowitz@alaska.edu) and Michele Cooke
(cooke@geo.umass.edu)

Great Earthquakes and Slip to the Trench (Seismological
Society of Japan/Seismological Society of America Joint
Session)
This session invites presentations about large and great
earthquakes in convergent zones, especially those events that
have significant slip on the shallow portion of the megathrust
close to the trench. These types of seismic events, such
as the 2011 Tohoku-oki earthquake, have the potential for
producing very large tsunamis, as well as strong shaking, and the
potential for triggering widespread landslides and liquefaction.
We invite papers on to recent seismic and geodetic observations
characterizing sources, constraints on the controlling structures
and material properties, and modeling studies related to great
subduction zone earthquakes.

Conveners: Jim Mori (Mori@eqh.dpri.kyoto-u.ac.jp),
David Wald (wald@usgs.gov) and Emily C. Roland
(eroland@usgs.gov)

Induced Seismicity
Recent damaging earthquakes in Oklahoma, Colorado, and
Arkansas have renewed interest in induced seismicity. Across
the central and eastern United States, the seismicity rate has
doubled over the past 11 years. This rate change can largely be
attributed to earthquakes induced by fluid injection associated
with oil and gas production. Given the occurrence of damaging
earthquakes and the large increase in seismicity rate observed
in the United States, it is of critical importance that induced
earthquakes are better understood such that their hazards may
be mitigated. Topics of interest to address these issues include:
the causes of fluid-injection induced earthquakes; methods to
distinguish natural and induced earthquakes; why some wells
trigger earthquakes, but the vast majority of wells do not; how
fluid-injection inducedearthquakesmaybe controlled; andhow
to estimate the hazard associated with already developed and
new fluid injection fields. We invite papers on all forms of
induced seismicity but particularly those associated with waste
water-injection, geothermal production, carbon sequestration,
and hydraulic fracturing. Papers from industry are particularly
welcome to better inform the research community on the
state of knowledge and practices within the community. As
part of this session, a roundtable discussion will be held
to discuss (1) the factors influencing induced seismicity, (2)
the uncertainties in characterizing induced seismicity, (3)
strategies to control induced seismicity, and (4) methods
to characterize the earthquake hazards associated with fluid
injection.

Conveners: Ivan Wong (ivan.wong@urs.com), Justin
Rubinstein (jrubinstein@usgs.gov) and Thomas Braun
(thomas.braun@ingv.it)

Large and Damaging Earthquakes of 2013/2014
Large earthquakes have continued to garner global attention in
2013. Significant events have struck Iran (Khash, April 2013,

Mw7.7);China (Lushan,April 2013,Mw6.6);Russia (Okhotsk,
May 2013, Mw8.3); New Zealand (Blenheim, August 2013,
twoMw 6.5 earthquakes); Pakistan (Awaran, September 2013,
Mw7.7); and the Philippines (Bohol, October 2013, Mw7.1),
all in the past half-year. Further large and damaging events may
also occur over the following six months.

Studies of these earthquakes are important not only from
a societal perspective - several of these events each caused
hundreds of fatalities, and significant economic losses - but also
seismologically - the Sea of Okhotsk earthquake was the largest
deep earthquake ever recorded, and thePakistan earthquakewas
another example of a large continental event involving complex
slip on multiple fault structures. We welcome analyses of these
earthquakes, from teleseismic to regional studies using seismic
data, to co- andpost-seismicGPSand InSARanalyses, to studies
of the societal and economic impact of such events. Research
that tackles event characterization from a multi-disciplinary
approach is particularly encouraged.

Conveners: Gavin Hayes (ghayes@usgs.gov), Thorne
Lay (tlay@ucsc.edu), Harley Benz (benz@usgs.gov) and
Charles Ammon (cja12@psu.edu)

Merging Paths: Earthquake Simulations and Engineering
Applications
Recent and continuing efforts in broadband hybrid and
deterministicmodeling of earthquake processes indicate thatwe
are approaching a junction where physics-based groundmotion
simulation techniques can be integrated with seismic hazard
analysis, risk and loss assessment studies, engineering analysis
and design. This session invites participants to contribute their
work in the broader area of earthquakemodeling and simulation
(coupled) with engineering applications. Topics of interest
include: high-frequency ground motion simulation; integrated
earthquake simulation, end-to-end and/or rupture-to-rafters
simulation; integration of nonlinear soil, surface topography
and other site effects in simulation; local and regional
simulations including soil-structure and site-city interaction
effects; structural systems modeling, analysis and design using
simulation synthetics as input; earthquake simulations coupled
with GIS data; loss and damage assessment based on synthetic
datasets; use of groundmotion simulations for evacuation plans
and emergency response.

Conveners: Ricardo Taborda (ricardo.taborda@
memphis.edu), Aysegul Askan (aaskan@metu.edu.tr) and
Tsuyoshi Ichimura (ichimura@eri.u-tokyo.ac.jp)

Monitoring Dynamic Changes at Active Volcanoes and
Fault Zones
Emerging time-lapse geophysicalmethodsoffer theopportunity
to observe active geologic systems as they evolve. For example,
examination of the coda of repeating earthquakes and ambient
seismic wavefields have allowed for the detection of small
temporal changes in velocity at active volcanoes and fault zones.
Other recently discovered observables show promise for being
even more sensitive measures of small changes. These dynamic
methods of observation can provide insight into changing
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fault zone properties during the seismic cycle or the evolution
of a volcanic eruption. In this session, we welcome studies
that employ time-lapse geophysical methods to monitor active
geologic systems. What can such methods tell us about these
systems and how can they be efficiently transferred into tools
for routine monitoring?

Conveners:NinfaBennington(ninfa@geology.wisc.edu),
Matt Haney (mhaney@usgs.gov) and Silvio de Angelis
(silvioda@liverpool.ac.uk)

Near-Field Seismoacoustics of Natural and Man Made
Explosions
Multiparameter observations (e. g., seismic, acoustic, video,
etc.) of natural and man made explosions have the potential
to provide important details of source time functions and
coupling of seismoacoustic waves. For example, a series of recent
studies have observed signatures of rapid ground deformation,
distortions due to topographic effects, production of nonlinear
acoustic waves, and complex seismoacoustic partitioning during
explosions. Understanding these relationships is important for
characterizing geophysical phenomena in the atmosphere and
thesolidearth.Suchdetailedknowledge isalsocritical involcano
and nuclear explosionmonitoring.We encourage contributions
that describe extensions of our current seismoacoustic
monitoring capabilities with innovative technologies, network
configurations, and observational methods.

Conveners: Daniel Bowman (daniel.bowman@unc.edu),
Keehoon Kim (keehoon@email.unc.edu) and Jonathan Lees
(jonathan.lees@unc.edu)

Network Operations and Data Centers
This session consists of papers on new developments in seismic
and GPS networks and data centers. These include reports
on new types of instrumentation, upgrades of existing seismic
networks, and data processing. Great data is of no value unless it
can get to the user. The session also includes new developments
in serving data to the earthquake community.

New Directions in PSHA: Ins, Outs, and Uncertainty
In light of recent advances in earthquake science, data, and
computational resources, probabilistic seismic hazard analyses
(PSHAs) have increased in complexity. Such complexity mani-
fests as larger logic trees, more sophisticated data-integration
techniques, better understanding of input data uncertainties,
and the computational capacity to undertake high-resolution
simulations(e.g.,CyberShake)andinversionsforearthquakerate
models (e.g. UCERF3).We invite papers on topics that include
uncertainty analysis in PSHA, new approaches to gridded,
area, and finite-fault source representations, logic-tree analysis
and trimming, deaggregation, site-specific methodologies,
computational algorithms, simulation based methods, urban
hazardmaps, new source and groundmotionmodels, and other
research or approaches related to PSHA.

Conveners: Peter Powers (pmpowers@usgs.gov), Morgan
Moschetti (mmoschetti@usgs.gov) and Ned Field (field@
usgs.gov)

New Insights into Ground Failure as an Urban Earthquake
Hazard
The 1964 Alaska Earthquake was significant for many
reasons - including extensive observations of ground failure.
As we celebrate the 50th anniversary, we will look at recent
earthquakes, including the 2011 Tohoku earthquake and the
2010-2011 Christchurch Earthquake that have provided new
datasets on ground failures. These new datasets facilitate
research that improves ground failure models and provides
insight into ground failure mechanisms. This session will
highlight developments in ground failure models with special
focus on urban earthquake hazard. Among the ground failure
hazards to be addressed are surface rupture, liquefaction and
landsliding.

Conveners: Laurie Baise (laurie.baise@tufts.edu) and
Keith Knudsen (kknudsen@usgs.gov)

Pillars of Simulation: Seismic Velocity and Material
Models
Various research and application areas in geophysics, seismology
and engineering are strongly dependent on the seismic velocity
and material models used in simulation today. While much
progress has been done over the last decades in advancing
such models, our knowledge about the geology and structure
of the crust and its sedimentary basins and the near-surface
geotechnical layers, as well as our modeling approaches to
represent the mechanical properties of materials beneath the
surface are somewhat limited.This session solicits contributions
in the broad area of seismic velocity and material models and
their application in earthquake (source and ground-motion)
simulation. Topics of particular interest include but are not
limited to: development of new and improvement of currently
available community velocity models, description of velocity
models software, discrete representationof velocitymodels used
for simulation, verification and validation of velocity models,
full waveform tomography and inversion, attenuation and/or
quality factor rules, visco-elastic material models, off-fault and
near-surface plasticity, initial stress conditions and elasto-visco-
plastic models in simulations including material nonlinear
behavior, integration of geotechnical data, and representation
of heterogeneous media.

Conveners: Ricardo Taborda (ricardo.taborda@
memphis.edu), Po Chen (pchen@uwyo.edu) and En-Jui Lee
(elee8@uwyo.edu)

Recent Advances and Findings in Earthquake Geology and
Paleoseismology
Characterizations of the timing, recurrence, displacement, and
rupture extent of recent surface-faulting earthquakes provide
key inputs for earthquake-probability forecasts and seismic-
hazard assessments. This session will highlight recent advances
in the fields of earthquake geology and paleoseismology from
investigations of Quaternary-active faults. We invite abstracts
that present 1) paleoseismic earthquake histories and improved
estimates of earthquake recurrence, fault slip rate, and rupture
extent; 2) techniques for investigating surface ruptures, such
as remote sensing of surface deformation and offset (e.g.,
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InSAR, GPS, and pixel tracking); and 3) objective methods
of synthesizing multiple paleoseismic datasets. The goal of this
session is to critically evaluate howdetailed fault and earthquake
characterizations inform our understanding of seismic hazard.

Conveners: Scott Bennett (sekbennett@usgs.gov) and
Christopher DuRoss (christopherduross@utah.gov)

Recent Advances in Ground Motions Simulation Methods
and Their Validation
This session is targeted to highlight recent advances in
the development and validation of ground motion simu-
lation methods. Topics of interest include: formulation
of new or updated simulation methods with description of
parameterizations of the source, path and/or (nonlinear) site
effects;models including small-scale heterogeneity in the source
or surrounding medium or incorporating 3D complexity of
the medium and/or mountain topography; methods for better
constraining input; sensitivity of methods to ranges of plausible
inputparameters; andquantificationofuncertainty insimulated
ground motions. We also invite case histories comparing
ground motions from various simulation techniques, as well as
calibration and validationofmethods against recordings and/or
ground motion prediction equations. The session is open to a
widerangeofsimulationmethodologies, includingdeterministic
and stochastic models of wave propagation, with stochastic,
kinematic or dynamic models of the source description.

Conveners: Christine Goulet (goulet@berkeley.edu) and
Kim B. Olsen (kbolsen@mail.sdsu.edu)

Seismic Imaging as USArray Moves to Alaska
(IRIS/Seismological Society of America Joint Session)
In 2014 the USArray Transportable Array will begin deploying
in Alaska, after ten years successfully crossing the entire lower-
48 states. The arrival of the Transportable Array in Alaska
presents an unprecedented opportunity to image one of the
most seismically and tectonically active regions of theworld.We
encourage contributions highlighting results achieved already
withUSArray data orwhichprovide the context and framework
for discoveries to come. The goals of the session are to identify
opportunitiesforcharacterizingstructuresofthecrust(including
basins and volcanoes), slab, and mantle using complementary
data sets. Example data sets include onshore and offshore data,
active and passive seismic data, ambient noise and earthquake
data (localor teleseismic), andpotential fielddata.Weencourage
submissions featuring techniques that harness large emerging
data sets and modern computational methods.

Conveners: Carene Larmat (carene@lanl.gov), Frank
Vernon (flvernon@ucsd.edu) and Bob Woodward (wood-
ward@iris.edu) and Lindsay Worthington (lworthington@
unm.edu)

Seismic Location and Processing Techniques
Modern earthquake location and monitoring techniques have
revolutionized seismology, allowing better images of fault
structure, stress, and time-dependent frictional properties. This
session explores new techniques and results in this important
seismological field.

Site Response: From Site-Specific Analyses to Predictive
Models Around the Globe
Weinvite contributions that fallwithin thebroadcategoryof site
responseanalysis, includingtopicsfromadvancesinfundamental
soil behavior modeling to simplified methods for mapping site
response at the national and global scales. Site response has
been a hotly debated topic between engineers and seismologists
for decades. In the recent years, the two communities have
reached consensus on the nonlinear nature and importance of
site response as a constituent of ground motion predictions
and seismic hazard assessment; faced with the ever increasing
amount of recorded evidence in statistical studies, or pushing
the envelope of high frequency ground motion simulations,
many seismologists currently account for nonlinear soil effects
in their studies.Thus, theclassicdebatehas shifted towardsmore
subtle and interconnected issues, such as the use of the average
shear-wave velocity to 30 m (Vs30), empirical vs. theoretical
modeling approaches, time-domain vs. spectral analyses, and
the accuracy of fundamental modeling assumptions. Although
differentapproachescanbecast as controversies, it isuseful to see
them as solutions to different problems rather than competing
solutionstothesameproblem.Forexample,althoughanonlinear
time-domain analysismore accurately accounts for soil behavior
thanstatistical correlationswithVs30, the latterapproachmaybe
the only option available for applications at sites where dynamic
soil properties are unavailable. In this context, we encourage
submissions to focus on the motivations behind their modeling
choices, and to discuss the applications and scales where their
approach is expected to be most beneficial.

Conveners: EricThompson (ethompson@mail.sdsu.edu)
and Dominic Assimaki (dominic@gatech.edu)

Topics in Seismology: Hazards
A primary incentive to understanding earthquakes is in
evaluating the hazard. This session includes presentations on
a diverse array of hazard analysis, from precariously balanced
rocks, to nuclear plants, to the L’Aquilla trial, and the utility of
response spectra.

Topics in Seismology: Processes
Processes that lead to seismicity are diverse and varied from
common slip of rocks along faults to ice quakes to fluid-induced
seismicity. This session presents research on processes leading to
seismicity.

Topics in Seismology: Regional Seismicity and Tectonics
A better evaluation and understanding of earthquake hazards
can only come from regional studies of seismicity and
active deformation. This session presents research on regional
seismicity from around the globe.

Tracking Fluid Movement in Volcanic Systems
Seismology has long been the primary means through which to
study and monitor the movement of magma and other fluids
in active volcanic systems. However, despite decades of seismic
monitoringatvolcanoes, theascentofmagmaandthecirculation
of fluids within volcanic systems, and how these phenomena
are reflected in geophysical signals, remain poorly understood.
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In recent decades, improvements in instrumentation and
processing techniques have led to the development of additional
geophysical tools capable of tracking fluidmovement, including
infrasound, high-rate GPS, InSAR and gravity. These tools,
often used in concert with seismological techniques, have
brought forthmanynew insights thatwerepreviouslyunknown.
We seek submissions highlighting interdisciplinary geophysical
monitoring and studyof fluidmovement in active volcanoes and
geothermalsystems.Weencouragecontributionsthatemphasize
advances in numerical modeling, feature new instrumentation
or analytical methods, and/or provide new insights into the
physical processes controlling fluid movement.

Conveners: John Lyons (jlyons@usgs.gov), Helena
Buurman (helena@gi.alaska.edu), Diana Roman (droman@
dtm.ciw.edu) and David Fee (dfee@gi.alaska.edu)

JOYNER LECTURE

David Boore will deliver this year’s Joyner Lecture: "Ground-
Motion Prediction Equations: Past, Present and Future." David
is a Geophysicist with the United States Geological Survey in
Menlo Park, California. The Joyner Lecture was established
to honor William B. Joyner’s pursuit of bringing earthquake
seismology and earthquake engineering closer together so as to
provide for a safer society.

WORKSHOP

Pre-Meeting Media Workshop: Communicating with
Non-Technical Audiences
Tuesday, 29 April 2014, 10:00 AM-4:00 PM (the day before
the start of the regular meeting program).

SSA is offering attendees an opportunity for practical,
hands-on training in communicating technical information for
a lay audience. Learn the foundationofworkingwith themedia -
crafting a simplemessage that’s memorable. Themajority of the
workshop, scheduled for 10 AM-4 PM, will involve on-camera
work and small group exercises. Each trainee will participate in
at least one mock interview.

NanBroadbentwill facilitate theworkshop. She is the press
liaison for SSA, promoting the AnnualMeeting and journals to
the media. Prior to SSA, Nan worked in Washington, D.C.,
where she focused on research communications. She served
as communications director for the journal Science and the
American Association for the Advancement of Science. She
conceived of and created EurekAlert!, which is a tool widely
used by science reporters and public relations officers.

GOVERNMENT RELATIONS WORKSHOP

How Congress Works and How You Can Work Congress
Wednesday, 30 April and Thursday, 1 May 7:30 8:30 AM

In this contentious legislative environment, with declining
budgets and sequestration, every scientist needs to know how
tomake the best case for their science. Come for an informative

session and find out about the inner workings of the US
Congress, how laws are made, and how to become an effective
advocate for science.

Elizabeth Duffy, President of the Federal Affairs Office
in Washington, D.C. and government affairs coordinator for
SSA, will lead this session. Elizabeth will bring over 20 years of
business, political and advocacy experience to show you how to
best impact legislation inCongress, how to establish productive
relationships with elected officials and their offices, and how to
speak to representatives to get your message heard.

FIELD TRIP

The 1964 Earthquake, Tsunamis, Paleoseismology, and
Subduction Processes in Southcentral Alaska
Leaders: Peter Haeussler (USGS, Anchorage) and Ian Shennan
(University of Durham)

The field trip will leave at 8:30 AM on Saturday, 03
May 2014 (the day following the close of the regular meeting
program) from the Anchorage Hilton lobby and return at
approximately 6:30 PM. Please do not plan to catch a flight
that evening as we cannot guarantee the bus will return on
schedule.

This one-day field tripwill travel along beautiful Turnagain
Arm from Anchorage to Whittier and back - 120 miles, round
trip. The field trip will feature stops that highlight effects and
lessons learned from the 1964 M9.2 Great Alaska earthquake.
The first stopwill be at the famousTurnagainHeights landslide,
which slid up to 610 m. The next stop will be in rocks of the
Mesozoic accretionary complex, to showprocesses thatoccurred
at seismogenic depths anddiscuss the long-term tectonic history
of the region. The next stop will be at the Girdwood flats. This
is a world-class paleoseismic site, which has excellent exposures
of the stratigraphy of the 1964 earthquake and beautiful views
of the ghost forest, which developed after the forest tree roots
dropped into the intertidal zone.Thenext stopwill be atPortage
Lake, to discuss the history of the Little Ice Age in the region.
The bus will then travel thru a unique 4 km long tunnel to the
community of Whittier (population 150), at the western edge
of Prince William Sound. Here, submarine landslide processes
will be discussed that led to local tsunami generation and loss
of 13 lives in the 1964 earthquake.

It is MANDATORY for people to have calf height rubber
boots at the Girdwood stop. This is not a mere suggestion.
They can be purchased at the Army Navy Store, which is in
walking distance from the Egan Center. People may get muddy.
Participants shouldbring raingear as there is a reasonable chance
of rain and a high chance of wind. Expect temperatures from
the 40s to the 60s.

MEETING INFORMATION

Registration
Online Registration at http://www.seismosoc.org/meetings/
2014/reg/. Early registration discounts apply until March 28.
Online registration ends on April 18.

Seismological Research Letters Volume 85, Number 2 March/April 2014 373



Preliminary Schedule
Eventswill beheldat theEganCenter inDowntownAnchorage,
Alaska.

Tuesday, 29 April
Board of Directors Meeting (9:30 AM 5:00 PM)
MediaWorkshop (10:00 AM 4:00 PM)
Speaker Ready Room (3:00 PM 7:00 PM)
Registration (3:00 PM 8:00 PM)
Icebreaker Reception (6:00 PM 8:00 PM)

Wednesday, 30 April
Government RelationsWorkshop (7:30 AM 8:25 AM)
Speaker Ready Room (7:30 AM 6:00 PM)
Technical Sessions (8:30 AM 6:00 PM)
Annual Luncheon (12:00 PM 2:00 PM)
Student Reception (5:45 PM 7:30 PM)
Early Career Reception (5:45 PM 7:30 PM)

Thursday, 1 May
Government RelationsWorkshop (7:30 AM 8:25 AM)
Speaker Ready Room (7:30 AM 6:00 PM)
Technical Sessions (8:30 AM 6:00 PM)
Lunch (12:00 PM 1:00 PM)
Joyner Lecture (5:15 PM 6:15 PM)
Reception (6:15 PM 7:30 PM)

Friday, 2 May
Speaker Ready Room (7:30 AM 4:30 PM)
Technical Sessions (8:30 AM 5:00 PM)
Lunch (12:00 PM 1:00 PM)

Saturday, 3 May
Field Trip

This schedule is subject to change.

HOTEL AND TRAVEL INFORMATION
The conference will be held at theEganCivic andConvention
Center indowntownAnchorage. SSAwillhavetheentirecenter
for our conference.

The conference hotel is the Hilton Anchorage. It is the
closest hotel to the EganCenter, about 1½ blocks away. SSA has
negotiated an excellent room rate.

Please visit http://www.seismosoc.org/meetings/2014/
hotel.php for links to the hotel registration, lists of things to
do in Anchorage, and visa information.

INFORMATION FOR EXHIBITORS AND SPONSORS

Organizations wishing to register as exhibitors can do so
online at http://www.seismosoc.org/meetings/2014/exhibit/.
Organizationswishing to sponsor the SSA2014meeting can do
so online at http://www.seismosoc.meetings/2014/sponsor/.
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Overview of Technical Program
ORAL SESSIONS

Wednesday, 30 April

Room 1 Room 2 Room 3 Room 4 Room 7

8:30 9:45 AM Diverse
Mechanisms of
Subduction Zone
Fault Slip:
Exploring the
Relationships
Among Seismic
Rupture, Transient
Slip, and Steady
Creep

Geometric
Complexities
Along Strike-Slip
Systems: New
Insights on Seismic
Hazards,
Earthquake
Behavior, and Fault
System Evolution

Advances in
Seismic Imaging
and Monitoring of
Time-Dependent
Variations: Civil
Structures,
Near-Surface, and
Shallow Crustal
Scales

Site Response:
From Site-Specific
Analyses to
Predictive Models
Around the Globe

Cold Climate
Installation
Techniques and
Instrumentation
Developments for
Temporary and
Long-Term
Networks

10:45 AM noon Development of
Next Generation
Field Methods for
Portable
Broadband Seismic
Arrays

2:15 5:30 PM Explosive Source
Characterization

Deciphering the
Earthquake and
Tsunami History
of Subduction
Zones

Fault Structure,
Heterogeneity, and
Implications for
Rupture Dynamics

Pillars of Simula-
tion: Seismic Ve-
locity and Material
Models

Emergence of
Continuously
Recording Very
Large Array
Capabilities in
Seismology

Thursday, 1 May

Room 1 Room 2 Room 3 Room 4 Room 7

8:30 noon Induced
Seismicity

Large and Damaging
Earthquakes of
2013/2014

Recent Advances
in Ground
Motions
Simulation
Methods and
Their Validation

Alaska Update of
the USGS
National Seismic
Hazard Maps

Monitoring
Dynamic Changes
at Active Volcanoes
and Fault Zones

1:30 2:45 PM Great Earthquakes and
Slip to the Trench
(Seismological Society of
Japan/ Seismological
Society of America Joint
Session)

Seismic Imaging as
USArray Moves to
Alaska
(IRIS/Seismological
Society of America
Joint Session)

Development of
2014 U.S. National
Seismic Hazard
Maps and Their
Implementation in
Engineering
Applications

3:45 5:00 PM Merging Paths:
Earthquake
Simulations and
Engineering
Applications

5:15 PM Joyner Lecture Hilton
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Friday, 2 May

Room 1 Room 2 Room 3 Room 4 Room 7

8:30 9:45 AM From the
Earthquake Source
to Damage of
Buildings:
Bridging the Gap
between
Seismology and
Earthquake
Engineering

Advances in
Understanding
Earthquake
Hazard in Central
and Eastern North
America

Seismic Location
and Processing
Techniques

A Decade of Great
Subduction
Earthquakes---What
Have We Learned From
Their
Ground-Motions?

Tracking Fluid
Movement in
Volcanic Systems

10:45 AM noon Recent Advances
and Findings in
Earthquake
Geology and
Paleoseismology

75 Years of Frequency-
Size-Distribution of
Earthquakes:
Observations, Models
and Understanding

1:30 2:45 PM New Directions in
PSHA: Ins, Outs,
and Uncertainty

Fifty Years of Tsunami
Science: from the 1964
Earthquake and
Tsunami to the SAFRR
Tsunami
Scenario---Advances in
Tsunami Source Char-
acterization, Numerical
Analysis and Hazard
Mitigation

Citizen
Seismology:
Citizens Helping
Science Helping
Citizens

3:45 5:00 PM Earthquake Physics
and Interaction

POSTER SESSIONS

Cook/Arteaga Room
Wednesday � Advances in Seismic Imaging and Monitoring of Time-Dependent Variations: Civil Structures, Near-Surface, and

Shallow Crustal Scales
� Cold Climate Installation Techniques and Instrumentation Developments for Temporary and Long-Term Networks
� Deciphering the Earthquake and Tsunami History of Subduction Zones
� Development of Next Generation Field Methods for Portable Broadband Seismic Arrays
� Diverse Mechanisms of Subduction Zone Fault Slip: Exploring the Relationships Among Seismic Rupture, Transient

Slip, and Steady Creep
� Effects of Topography and Surface Loads on Earthquakes and Faulting
� Emergence of Continuously Recording Very Large Array Capabilities in Seismology
� Explosive Source Characterization
� Fault Structure, Heterogeneity, and Implications for Rupture Dynamics
� Geometric Complexities Along Strike-Slip Systems: New Insights on Seismic Hazards, Earthquake Behavior, and

Fault System Evolution
� Pillars of Simulation: Seismic Velocity and Material Models
� Site Response: From Site-Specific Analyses to Predictive Models Around the Globe
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Thursday � Alaska Update of the USGS National Seismic Hazard Maps
� Development of 2014 U.S. National Seismic Hazard Maps and Their Implementation in Engineering Applications
� Great Earthquakes and Slip to the Trench (Seismological Society of Japan/Seismological Society of America Joint

Session)
� Induced Seismicity
� Large and Damaging Earthquakes of 2013/2014
� Merging Paths: Earthquake Simulations and Engineering Applications
� Monitoring Dynamic Changes at Active Volcanoes and Fault Zones
� Network Operations and Data Centers
� New Insights into Ground Failure as an Urban Earthquake Hazard
� Recent Advances in Ground Motions Simulation Methods and Their Validation
� Seismic Imaging as USArray Moves to Alaska (IRIS/Seismological Society of America Joint Session)
� Topics in Seismology: Hazards
� Topics in Seismology: Processes
� Topics in Seismology: Regional Seismicity and Tectonics

Friday � 75 Years of Frequency-Size-Distribution of Earthquakes: Observations, Models and Understanding
� A Decade of Great Subduction Earthquakes---What Have We Learned From Their Ground-Motions?
� Advances in Understanding Earthquake Hazard in Central and Eastern North America
� Citizen Seismology: Citizens Helping Science Helping Citizens
� Earthquake Physics and Interaction
� Fifty Years of Tsunami Science: from the 1964 Earthquake and Tsunami to the SAFRR Tsunami Scenario---Advances

in Tsunami Source Characterization, Numerical Analysis and Hazard Mitigation
� From the Earthquake Source to Damage of Buildings: Bridging the Gap between Seismology and Earthquake

Engineering
� Near-Field Seismoacoustics of Natural and Man Made Explosions
� New Directions in PSHA: Ins, Outs, and Uncertainty
� Recent Advances and Findings in Earthquake Geology and Paleoseismology
� Seismic Location and Processing Techniques
� Tracking Fluid Movement in Volcanic Systems
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Program for 2014 SSA Annual Meeting
Presenting author is indicated in bold.

Wednesday, 30 April

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

DiverseMechanisms
of Subduction Zone
FaultSlip:Exploring
the Relationships
among Seismic
Rupture, Transient
Slip, and Steady
Creep
Session Chairs:
Harmony V. Colella,
Emily C. Roland,
and Aaron G. Wech
(see page 416)

Geometric
Complexities along
Strike-Slip
Systems: New
Insights
on Seismic Hazards,
EarthquakeBehavior,
and Fault System
Evolution
Session Chairs: Sean
P. Bemis, Jeff
Benowitz, and
Michele Cooke (see
page 420)

Advances in
Seismic Imaging
and Monitoring of
Time-Dependent
Variations: Civil
Structures,
Near-Surface, and
Shallow Crustal
Scales
Session Chairs:
Marco Pilz and Nori
Nakata (see page
424)

Site Response:
From Site-Specific
Analyses to
Predictive Models
around the Globe
Session Chairs: Eric
Thompson and
Dominic Assimaki
(see page 428)

Cold Climate
Installation
Techniques and
Instrumentation
Developments for
Temporary and
Long-Term
Networks
Session Chairs:
Bruce Beaudoin and
Christopher Bruton
(see page 432)

8:30
AM

INVITED: What Do
Seismic Imaging
Constraints Really
Tell Us about the
Fault Zone in
Which Great
Earthquakes and
Slow Slip Operate?
Abers, G. A., Kim,
Y. H., Shillington,
D. J., Saffer, D. M.,
Li, J., and
Janiszewski, H. A.

Dynamic Models of
the 2010 Sierra El
Mayor-Cucapah
Earthquake.
Oglesby, D. D. and
Funning, G. J.

Temporal Changes
in Near-Surface
Shear Wave Velocity.
Steidl, J. H.

INVITED: Array
Measurements of
Rayleigh-Wave
Amplitudes to
Estimate Site
Response. Tsai,
V. C., Bowden,
D. C., and Lin, F. C.

INVITED: Cold,
Wet Seismology:
Lessons from
Instrumenting
Temperate Glaciers.
O’Neel, S., Larsen,
C. F., West, M. E.,
Bartholomaus, T. C.,
Parker, T.,
Amundson, J., and
Walter, J.

8:45
AM

A Link between
Silica Enrichment
and the Recurrence
Time of Slow
Earthquakes in
Subduction Zone
Forearcs. Audet, P.
and Burgmann, R.

Stress Drop
Heterogeneity
within Complex
Tectonic Regions: A
Case Study of the
San Gorgonio Pass,
Southern California.
Goebel, T. H. W.,
Hauksson, E.,
Shearer, P. M., and
Ampuero, J. P.

Monitoring
Temporal Changes
in a Levee with
Ambient Seismic
Noise. Planés, T.,
Parekh, M., Rittgers,
J., Behm, M.,
Mooney, M., and
Snieder, R.

STUDENT: The
Importance of the
Elastic Half Space
Assumption in Site
Response Analysis.
Cabas, A.,
Rodriguez-Marek,
A., and Green, R. A.

INVITED:
Maximizing the
Scientific Utility of
Broadband Data
from Polar Regions.
Nettles, M.
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Wednesday, 30 April (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Diverse
Mechanisms. . .

Geometric
Complexities. . .

Adv in Seismic
Imaging. . .

Site Response. . . Cold Climate. . .

9:00
AM

Laboratory
Experiments of
Seismic Cycles:
Effects of Normal
Stress and Its
Gradient.
Yamaguchi, T.,
Hori, T., Sakaguchi,
H., and Ampuero,
J. P.

Comparison of Fault
Behavior across the
Big Bend of the San
Andreas Fault,
California. Scharer,
K., Weldon, R.,
Streig, A., Yule, D.,
and Wolff, L.

Shallow 3D Velocity
Imaging by a Joint
Rayleigh- and
Love-Wave Noise
Tomography. Pilz,
M., Parolai, S., and
Bindi, D.

Site Response
Mapping with Fewer
Proxies. Thompson,
E. M. and Wald, D. J.

Polar Seismology:
Engineered
Solutions from the
IRIS/PASSCAL
Instrument Center.
Parker, T.,
Carpenter, P., and
Beaudoin, B.

9:15
AM

INVITED: Scaling
Relations and
Along-Strike
Segmentation of
Episodic Slow Slip
Events in
Subduction Zones.
Liu, Y.

Rates and Patterns
of Vertical
Deformation along
the Northern San
Andreas Fault.
DeLong, S. B.,
Prentice, C. S., and
Hilley, G. E.

STUDENT:
Developing 3D
Shear Wave Models
using a
Multi-Objective
Joing Inversion
Scheme.
Thompson, L. E.,
Velasco, A. A.,
Garcia, V., Zamora,
A., and Sosa, U. A.

Validation of
Site-Specific
Response Models
using KIK-Net
Ground Motion
Recordings. Shi, J.
and Assimaki, D.

Ongoing
Developments in the
Plate Boundary
Observatory Alaska
Network: Testing
New Telemetry and
Power Options for
Improving Station
Robustness. Boyce,
E., Enders, M.,
Bierma, R., Feaux,
K., and Mattioli,
G. S.

9:30
AM

Similarity and
Difference of
Megathrust and
Slow Tsunami
Earthquakes:
Interpretation from
Observations and
Simulation. Yagi, Y.
and Mitsui, Y.

Did Someone Forget
to Pay the
Earthquake Bill?
Jackson, D. D.

STUDENT: Joint
Modeling of
Complementary
Data Functionals for
Seismic Site
Characterization.
Schwed, M.,
Pulliam, J., Sen, M.
K., Willemann, R. J.,
Huerta-Lopez, C.,
Moschetti, M. P.,
Schmitz, M., Louie,
J. N., Polanco, E.,
Huerfano Moreno,
V., and Pasyanos, M.

Site Effects in
Concepcion Basin:
Geometry and
Amplification from
Gravity and
Microtremors.
Montalva, G. A.,
Chavez-Garcia, F. J.,
Tassara, A., and
Jara, D.

Tracking Telemetry
State of Health with
Nagios. Bruton,
C. P.

9:45
10:45
AM

Break & Posters Cook & Arteaga
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Wednesday, 30 April (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Diverse
Mechanisms of
Subduction Zone
Fault Slip:
Exploring the
Relationships
among Seismic
Rupture, Transient
Slip, and Steady
Creep (continued)

Geometric
Complexities along
Strike-Slip
Systems: New
Insights on Seismic
Hazards,
Earthquake
Behavior, and Fault
System Evolution
(continued)

Advances in
Seismic Imaging
and Monitoring of
Time-Dependent
Variations: Civil
Structures,
Near-Surface, and
Shallow Crustal
Scales (continued)

Site Response:
From Site-Specific
Analyses to
Predictive Models
around the Globe
(continued)

Development of
Next Generation
Field Methods for
Portable
Broadband Seismic
Arrays
Session Chairs:
Timothy Parker and
David E. Hawthorn
(see page 433)

10:45
AM

INVITED: Geodetic
Estimates of Slow
and Transient Slip in
the Alaska
Subduction Zone.
Freymueller, J. T.,
Fu, Y., Li, S., and
Ohta, Y.

Basement Structure
and Earthquake
Hazards along the
Queen Charlotte-
Fairweather Fault
System,
Southeastern Alaska.
Walton, M. A. L.,
Gulick, S. P. S.,
Haeussler, P. J., and
Roland, E.

INVITED: The
Virtual Eruption of
Okmok Volcano,
Alaska. Haney,
M. M.

INVITED:
PRENOLIN
Project: A
Benchmark on
Numerical
Simulation of 1-D
Non-Linear Site
Effect. 1 Site
Selection for the
Validation Phase.
Regnier, J., Kawase,
H., Bonilla, L. F.,
Bard, P. Y., Bertrand,
E., Hollender, F.,
Sicilia, D., and
Nozu, A.

Normal Modes:
Investigating Signal
and Noise
Phenomena across
Instrument Types
and Deployment.
Hellweg, M., Araki,
E., Rademacher, H.,
Taira, T.,
Uhrhammer, R. A.,
and McGowan,
M. G.

11:00
AM

Tectonic Tremor
Locations
throughout the
Alaska-Aleutian
Subduction Zone
from 1999 to 2013.
Brown, J. R.

Implications of
Recent Large
Earthquakes on the
Queen Charlotte
Fault. Lay, T.

Nonlinear Elasticity
and Slow Dynamics
Observed at the
Factor Building
(UCLA-California)
by Processing
Continuous
Recordings.
Gueguen, P., Roux,
P., and Johnson, P. A.

Analysis of Local
Earthquake Data
from Delaney Park
Downhole Seismic
Array, Anchorage,
Alaska. Dutta, U.
and Thornley, J. D.

An Analysis of the
Tradeoffs between
Seismometer
Performance and
Convenience.
Spriggs, N. and
Greig, D. W.

11:15
AM

Examining Large
and Small
Earthquakes in the
Costa Rica
Subduction Zone to
Probe Temporal and
Spatial Megathrust
Heterogeneity.
Bilek, S. L.,
Rotman, H., and
Phillips, W. S.

Rupture Behavior on
Two Parallel Strike
Slip Faults: A Case
from the Central
Longriba Fault
Zone, Eastern Tibet.
Ren, J. J., Xu, X. W.,
Yeats, R. S., and
Zhang, S. M.

Seismological
Monitoring of a Tall
RC Building in Nice,
France. Bertrand,
E., Deschamps, A.,
Santisi d’Avila, M. P.,
Gueguen, P., Tahmi,
N., and Fernandez-
Lorenzo, G.

Lessons Learned
from Conducting
Seismic Site
Response Analyses
That Require
Explicit
Consideration of the
Site Attenuation
Parameter. Kottke,
A. R., Hashemi, A.,
and Elkhoraibi, T.

What Should I Do
with the S13? Or
Better: How to
Teach New Tricks to
an Old Dog. Braun,
T., Romeo, G., and
Spinelli, G.
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Wednesday, 30 April (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Diverse
Mechanisms. . .

Geometric
Complexities. . .

Adv in Seismic
Imaging. . .

Site Response. . . Dev of Field
Methods. . .

11:30
AM

Observations of
SSE, Tremor, and
Damaging
Earthquakes on the
Southern Hikurangi
Margin, New
Zealand. Fry, B. N.
and Wallace, L.

Modeling Observed
Aftershock Sequences
with an Earthquake
Simulator. Kroll, K.
A., Richards-Dinger,
K. B., and Dieterich,
J. H.

INVITED:
Noise-based Crustal
Seismic Velocity
Changes Associated
with the 2011
Tohoku-oki
Earthquake.
Brenguier, F.,
Campillo, M.,
Briand, X., Takeda,
T., Aoki, Y., Shapiro,
N., and Emoto, K.

Seismic Site
Amplification in
the Port Hills
during the
Canterbury
Earthquake
Sequence: Case
Study of Critical
Slopes Kaiser, A.
E., Holden, C.,
and Massey, C.

STUDENT: A
Microseism Catalog
Based on Broadband
Data from the US
Transportable Array.
Sufri, O., Koper, K.
D., and Burlacu, R.

11:45
AM

The Downdip
Location of ETS and
Dehydration Fluids
Channelled to
Forearc Mantle
Corner. Hyndman,
R. D., McCrory, P.
A., and Wech, A. G.

Strike-Slip Fault
Segment Propagation
and Linkage via Work
Minimization. Cooke,
M. L., Madden, E. H.,
and McBeck, J.

Depth Constraint of
Velocity Changes
caused by the 2011
Tohoku-Oki
Earthquake.
Nakata, N. and
Lawrence, J. F.

Calibration and
Evaluation of
Response Spectra
in the Downtown
Area of
Anchorage,
Alaska. Thornley,
J. D., Dutta, U.,
and Yang, Z.

A Ground-Truth
Mine Monitoring
System Authors:
Taylor, S. R., Jarpe,
S. P., Harben, P. E.,
Harris, D. B.

Noon
2:00 PM

Annual Luncheon La Perouse

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Explosive Source
Characterization
Session Chairs:
Catherine Snelson,
Christopher Bradley,
Sean Ford, and Kyle
Jones (see page 417)

Deciphering the
Earthquake and
Tsunami History of
Subduction Zones
Session Chairs: Marco
Cisternas, Lisa Ely, Ed
Garrett, Daniel
Melnick, Alan Nelson,
and Robert Wesson
(see page 422)

Fault Structure,
Heterogeneity, and
Implications for
Rupture Dynamics
Session Chairs:
Thomas H. W.
Goebel, Thibault
Candela, and
Heather Savage (see
page 426)

Pillars of
Simulation:
Seismic Velocity
and Material
Models
Session Chairs:
Ricardo Taborda,
Po Chen, and
En-Jui Lee (see
page 430)

Emergence of
Continuously
Recording Very
Large Array
Capabilities in
Seismology
Session Chairs: Rick
Aster and James
Gridley (see page
434)

2:15
PM

Hydrodynamic
Modeling of the
Near-Source
Environment at a
Jointed Site. Bradley,
C. R., Steedman, D.
S., Rougier, E., and
Knight, E. E.

The 1730 and 1751
Chilean Earthquakes:
Two Major
Contributors to the
Seismically Prolific
18th Century along
the Pacific Coast of
the Americas.
Cisternas, M., Ely, L.,
Wesson, R., Pilarckzic,
J., Gorigoitia, N.,
Dura, T., Melnick, D.,
and Carvajal, M.

BIEM Simulation
for Anti-Plane
Dynamic Rupture
Propagation across a
Bimaterial Interface.
Hirano, S. and
Yamashita, T.

Seismic Wavefield
Simulations of
Earthquakes
within a Complex
Crustal Model for
Alaska. Tape, C.

Back-Projection
Imaging of
Aftershocks
Recorded by the
Dense AIDA Array
after the 2011
Virginia Earthquake.
Hole, J. A., Wang,
K., Davenport, K.
K., Chapman, M. C.,
Beskardes, G. D.,
Quiros, D. A.,
Brown, L. D., and
Mooney, W. D.
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Wednesday, 30 April (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Explosive Source
Char. . .

Deciphering the
Earthquake. . .

Fault Structure. . . Pillars of
Simulation. . .

Emergence of
Continuously. . .

2:30
PM

A New Fracture
Material Model for
Simulating Damage
and Moment Tensor
Descriptions of
Simulated Explosion
Sources for Source
Physics Experiments
(SPE). Rougier, E.,
Yang, X., Knight, E.
E., and Patton, H. J.

A Comparison of
Tsunami Deposits
from the 1960 Great
Chilean Earthquake
in Two Coastal
Lakes on Chiloé,
Chile. Kempf, P.,
Moernaut, J.,
Vandoorne, W., Van
Daele, M., Pino, M.,
Urrutia, R., and De
Batist, M.

STUDENT: 3D
Dynamic Rupture
Simulation across a
Complex Fault
System: The Mw7.0,
2010, Haiti
Earthquake.
Douilly, R., Aochi,
H., Calais, E., and
Freed, A. M.

Full-3D Waveform
Tomography for
Crustal Structure in
Southern California
using Earthquake
Recordings and
Ambient-Noise
Green’s Functions
Based on the
Adjoint and the
Scattering-Integral
Methods. Lee, E.,
Chen, P., Jordan, T.
H., Maechling, P. J.,
Denolle, M., and
Beroza, G. C.

Aftershock Imaging
with Dense Arrays
(AIDA). Brown, L.,
Hole, J., Quiros, D.,
Davenport, K.,
Wang, K., Cabolova,
A., and Mooney, W.

2:45
PM

Three Dimensional
Simulation of
Ground Motions
Generated by
Underground
Explosions in
Jointed Rock under
Conditions of
Uncertainty.
Ezzedine, S. M.,
Vorobiev, O. Y.,
Glenn, L. A., and
Antoun, T. H.

Linking Subduction-
Earthquake
Supercycles with
Mountain Building
in the Region of the
Giant 1960 Chile
Earthquake.
Melnick, D.,
Cisternas, M.,
Wesson, R. L.,
Moreno, M., Nelson,
A., Jara-Munoz, J.,
Dura, T., and
Engelhart, S.

Dynamic Rupture
Models of
Earthquakes on the
Bartlett Springs
Fault, Northern
California. Lozos, J.
C., Harris, R. A.,
Murray, J. R., and
Abrahamson, N. A.

Validation of
Physics-Based
Ground Motion
Earthquake
Simulations Using a
Velocity Model
Improved by
Tomographic
Inversion Results.
Taborda, R., Lee, E.
J., Gill, D., Chen, P.,
Maechling, P. J., and
Jordan, T. H.

Optimal Design of
Large-Scale Seismic
Array for
Earthquake Source
Imaging
Constrained by
Waveform
Coherency of
USArray. Meng, L.
and Ampuero, J. P.

3:00
PM

Implications for
Chemical/Nuclear
Equivalence from
Observations and
Hydrodynamic
Calculations.
Patton, H. J. and
Rougier, E.

Two Centuries of
Emergence in
Northern Chiloé
before Sudden
Submergence
Associated with the
Giant 1960 Chile
Earthquake.
Wesson, R. L.,
Cisternas, M.,
Melnick, D.,
Moreno, M., and
Ely, L.

Stick-slip Instability
in Granite Initiated
as Acoustic Emission
Event. McLaskey,
G. C. and Lockner,
D. A.

Stochastic
Descriptions of
Fine-Scale Basin
Velocity Structure
from Well Logs and
the SCEC
Community
Velocity Model
(CVMH). Plesch,
A., Shaw, J. H., Song,
X., and Jordan, T. H.

STUDENT: The
New Wave
Gradiometry
Technique Applied
to USArray. Liu, Y.
and Holt, W. E.
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Wednesday, 30 April (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Explosive
Source. . .

Deciphering the
Earthquake. . .

Fault Structure. . . Pillars of
Simulation. . .

Emergence of
Continuously. . .

3:15
PM

Modeling rel as the
Nonlinear
Inelastic-Elastic
Transition near
Explosion Source.
Morozov, I. B. and
Stroujkova, A.

Understanding
Mega-Earthquake
Related Tsunami on
Subduction Zones
without Large
Historical Events.
Williams, C. R.,
Mohammed, F., and
Lee, R.

Seismic Moment
Tensors and b-values
of Acoustic
Emissions during
Stick Slip Sliding
Tests. Kwiatek, G.,
Goebel, T., and
Dresen, G.

STUDENT: Rupture
Dynamics and
Ground Motions
from Earthquakes in
Heterogeneous
Media. Bydlon, S.
A., Kozdon, J. E.,
and Dunham, E. M.

STUDENT: A
Comparison
between Seismic
Wave Gradiometry
and fK Analysis in
the Estimation of the
Slowness Vector.
Hughes, A. and
Poppeliers, C.

3:30
4:30
PM

Break & Posters Cook & Arteaga

4:30
PM

Relocation,
Discrimination,
Magnitude
Calculation and
Yield Estimation of
the 12 February
2013 North Korean
Nuclear Test. Zhao,
L. F., Xie, X. B., Fan,
N., Wang, W. M.,
and Yao, Z. X.

Great Earthquakes
and Tsunamis during
the Last 1000 years
in the Kodiak
Segment of the
Alaska-Aleutian
Megathrust.
Shennan, I., Barlow,
N. L. M., Carver, G.,
Davies, F. P., Garrett,
E., and Hocking, E.
P.

Fault-Zone Maturity
Defines Maximum
Earthquake
Magnitude.
Bohnhoff, M.,
Bulut, F., Stierle, E.,
and Ben-Zion, Y.

Couple-Stresses in
Elastodynamics and
Quantitative
Seismology.
Dargush, G. F. and
Hadjesfandiari, A.
R.

Long Beach 3D
Seismic Survey: Data
Mining Continuous
Passive Seismic
Data. Hollis, D. D.

4:45
PM

Seismic Analysis of
the North Korean
Nuclear Explosion
on February 12,
2013. Vavrycuk, V.
and Kim, S. G.

Same Asperity,
Different Rupture
Pattern: Variations
in Holocene Splay
Fault Motion from
Seward to
Middleton Island,
Alaska. Liberty, L.
M., Haeussler, P. J.,
and Finn, S. P.

The Role of Iquique
Area in a Future
Large Earthquake
A Multi-disciplinary
Approach.
Sobiesiak, M. M.,
Goetze, H. J.,
Meneses, G.,
Schaller, T., Eggert,
S., Victor, P.,
Boudin, F., Campos,
J., Vilotte, J.P.,
Métois, M.,
Madariaga, R.,
Olcay, M., and
Tassara, C.

Physical
Characterization of
Seismic Attenuation
in Earth Models.
Morozov, I. B.

STUDENT: Body
and Surface-Wave
Ambient-Noise
Seismic
Interferometry
across the Salton Sea
Geothermal Field,
California. Sabey, L.
E., Hole, J. A., Han,
L., Stock, J. M., and
Fuis, G. S.

Seismological Research Letters Volume 85, Number 2 March/April 2014 383



Wednesday, 30 April (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Explosive
Source. . .

Deciphering the
Earthquake. . .

Fault Structure. . . Pillars of
Simulation. . .

Emergence of
Continuously. . .

5:00
PM

STUDENT: Ms
Unified: A New
Magnitude for
Rayleigh and Love
Waves with
Application in the
Korean Peninsula
and Yellow Sea
Region. Napoli, V.,
Bonner, J., and
Russell, D.

Field Studies of the
2012 Mw 7.7 Haida
Gwaii Tsunamigenic
Thrust Earthquake:
Implications for
Paleoseismic and
Paleotsunami
Studies of
Subduction Zones.
Leonard, L. J.,
Bednarski, J. M.,
Rogers, G. C.,
Nykolaishen, L.,
Wang, K., Haeussler,
P. J., and Witter,
R. C.

Fully Automated
Real-time 3D
Earthquake
Locations in the San
Jacinto Fault Zone
Using High
Resolution 3D
Velocity Models.
Allam, A. A.,
Vernon, F. L., and
Ben-Zion, Y.

STUDENT:
Anelastic
Attenuation and
Elastic Scattering
Models of the Los
Angeles Region for
Use in Earthquake
Simulations. Song,
X. and Jordan,

STUDENT: Impact
of Scattering on the
Design of a Network
of Arrays for
Earthquake Rupture
Imaging. Bowden,
D. C., Ampuero, J.
P., and Meng, L.

5:15
PM

Identifying and
Characterizing
Blasts from
Recordings at
USArray Stations.
Astiz, L., Vernon, F.
L., Martynov, M. V.,
Tytell, J., Cox, T. A.,
White, M. C., Reyes,
J., and Eakins, J.

The 1861 2005
Simeulue Nias Slip
Patch of the Sunda
Subduction Zone:
Characteristic Slip
on an Otherwise
Non-characteristic
Megathrust.
Meltzner, A. J.,
Sieh, K., Chiang, H.
W., Shen, C. C., Wu,
C. C., Suwargadi, B.
W., Natawidjaja, D.
H., Philibosian, B.,
and Briggs, R. W.

Imaging Tremor
Dynamics at the San
Andreas Fault near
Parkfield with a
Mini Seismic Array.
Ghosh, A.

Regional Phase
Attenuation in the
Iranian Plateau and
Surrounding
Regions. Sandvol,
E., Kaviani, A., Ku,
W., and Gok, R.

‘‘No-Cost’’
Acquisition of 3D
Reflection Imagery
of the Continental
Basement. Brown,
L. D.

5:30
PM

Improving Yield
Estimation for
Near-Surface
Explosions Using
Seismic And
Overpressure Data.
Rodgers, A. J.,
Bonner, J. L., Ford, S.
R., Templeton, D.
C., Ramirez, A. L.,
and Dodge, D.

Stratigraphic
Evidence of the 2004
Sumatra-Andaman
Subduction Zone
Seismoturbidite.
Patton, J. R.,
Goldfinger, C.,
Djadjadihardja, Y.,
and Udrekh, U.

Slip Characteristics
of the Deep Portion
of the San Andreas
Fault Inferred from
Low-Frequency
Earthquakes. Wu,
C., Guyer, R. A.,
Trugman, D. T.,
Shelly, D. R., and
Johnson, P. A.

Finite-frequency
Sensitivity of
Seismic Waves to
Fault Zone
Structures. Allam,
A. A., Tape, C., and
Ben-Zion, Y.

Discussion
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Wednesday, 30 April (continued)

Wednesday, 30 April Morning Poster Sessions

Advances in Seismic Imaging and Monitoring of Time-
Dependent Variations: Civil Structures, Near-Surface, and
Shallow Crustal Scales
(see page 436)

1. Lithospheric Earth Structure of Texas-Gulf of Mexico
Margin from Surface Wave Dispersion and Migrated Ps
Receiver Functions. Agrawal, M., Pulliam, J., and Sen,
M. K.

2. P Wave Transfer Functions for the Northern Mississippi
Embayment: A Different Approach. Mostafanejad, A.
and Langston, C. A.

3. 3D Shear Wave Model Development of the Texas Region
Using an Optimization Scheme. Thompson, L. E., Velasco,
A. A., and Garcia, V. H.

4. Shear Wave Velocity Structure beneath Haida Gwaii,
Canada, in the Vicinity of the 2012 Mw 7.7 Earthquake.
Cassidy, J. F., Gosselin, J., and Dosso, S. E.

5. 3D Seismic Reflection Imaging Using Aftershocks of
the 2011 Central Virginia Earthquake as Illumination
Sources. Quiros, D., Brown, L. D., Davenport, K., and
Hole, J.

6. Group Velocity Tomography for Eastern Mexico and
Isthmus of Tehuantepec. Córdoba, F., Iglesias, A., Singh,
S. K., Spica, Z., and Legrand, D.

7. Ambient Noise Tomography of the Katmai Volcanic
Complex, Alaska. Lemon, S., Thurber, C. H., Haney, M.
M., Syracuse, E., Zhang, H., Zeng, X., and Prejean, S. G.

8. Shear-Wave Quality Factor Qs Profiling Using Seismic
Noise Data from Microarrays. Parolai, S., Boxberger, T.,
Pilz, M., and Bindi, D.

9. Extracting Site Characteristics at Delaney Park
Geotechnical Array in Anchorage, Alaska Using Seismic
Interferometry. Kalkan, E., Ulusoy, H. S., Wang, F., and
Fletcher, J. P.

10. Site Characterization for Marine Earthquake Engineering
via Modeling of Ocean-Bottom-Seismometer
Observations of Rayleigh Waves and Microtremors. Li,
Z. W., Hao, T. Y., Ni, S. D., You, Q. Y., Liu, L. H., Bao, F.,
and Xu, Y.

11. A Wave Gradiometry Application in Engineering
Seismology: Field Measurement of Nonlinear Soil
Behavior in the Near Surface. Dangkua, D. T., Langston,
C. A., and Cramer, C. H.

12. Sediment Shear Velocity and Thickness from Seafloor
Compliance using Microseisms Noises. Ruan, Y., Forsyth,
D. W., and Bell

13. Instantaneous Monitoring of Soil and Structure Dynamics
using Autocorrelation Functions Computed with the
Stockwell Transform. Bonilla, L. F. and Gueguen, P.

14. Monitoring a Building Using Deconvolution
Interferometry from Earthquake and Ambient-Noise
Data. Nakata, N. and Snieder, R.

15. Dynamic Response Characterization of a Highway Bridge
Using Ambient Vibrations. Mercerat, E. D., Regnier, J.,
Bertrand, E., and Deni, D.

16. Application of Instantaneous Phase Methods for
Improved Noise-Correlation-Derived Dispersion
Measurements from a Local Seismic Array. Moschetti,
M. P., Noriega, R., Stephenson, W., and Meremonte, M.

17. Reliable Estimation of Shear-Wave Velocity Profile by
Inverting Phase Velocity Dispersion Curve and Waveform
Comparison. Hosseini, M., Pezeshk, S., and Pujol, J.

18. Monitoring Pre-Earthquake Activity by Analysis of
Ambient Seismic Noise Encouraging Results. Gupta,
I. N. and Schaff, D. P.

Cold Climate Installation Techniques and
Instrumentation Developments for Temporary and
Long-Term Networks
(see page 440)

19. The Seismic Noise Environment of the Antarctic and the
Influence of Instrumentation Techniques. Anthony,R.E.,
Aster, R. C., Wiens, D. A., Nyblade, A., Anandakrishnan,
S., Winberry, J. P., Huerta, A. D., and Wilson, T. J.

20. Seismic Noise Analyses and Event Quality Assessment
for EarthScope Transportable Array Stations in Alaska.
Frassetto, A. M. F., Busby, R., Hafner, K., Woodward, R.,
Astiz, L., Sharer, G., and Sauter, A.

21. Development of New Seismological Instrumentation for
Ice Covered Environments. Bernsen, S., Winberry, P.,
Aster, R., Woodward, R., Carpenter, P., Beaudoin, B., and
Gridley, J.

22. Running Real-Time, Year-Round Seismic Stations across
the Greenland Ice Sheet. Childs, D. and Reusch, M. M.

23. The Yukon-Northwest Seismograph Network:
Preliminary Results of Direct Burial Posthole Installation
for Real-Time Monitoring. Audet, P.

24. The Alaska Volcano Observatory’s Experience in
Operating Multi-Parametric Real Time Monitoring
Systems in Remote and Challenging Environments. Read,
C. W., Power, J. A., Paskievitch, J. F., and Ketner, D. M.

25. Development of Seismic Field System for Multi-Year Field
Deployment at Poker Flat Research Range, Alaska. Hart,
D. and Abbott, R. E.

26. Minimizing Snow Losses for Photovoltaic Systems in
High-Latitude Maritime Environments. Dalton, S. M.

Deciphering the Earthquake and Tsunami History of
Subduction Zones
(see page 441)

27. Tsunami Recurrence in the Eastern Aleutian Arc: A
Record of 6-14 High Tsunamis in 3400 Years on Chirikof
Island, Alaska. Nelson, A. R., Briggs, R. W., Dura, T.,
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Engelhart, S. E., Gelfenbaum, G., Bradley, L. A., Forman,
S., and Vane, C. H.

28. Evidence for High Tsunamis in the Fox Islands Implies
Repeated Aleutian Megathrust Earthquakes in the
Unalaska Seismic Gap. Witter, R. C., Briggs, R. W.,
Koehler, R. D., Gelfenbaum, G., Engelhart, S., Nelson, A.
R., Carver, G. A., Bender, A. M., and Hemphil-Haley, E.

29. Using Tsunami Deposits to Inform Modeling of Potential
Tsunamigenic Earthquake Rupture Zones near Unalaska
Island, Aleutian Islands. La Selle, S. P. M., Gelfenbaum,
G., Witter, R. C., Koehler, R. D., Briggs, R. W., Carver,
G. A., and Engelhart, S. E.

30. Unrevealing the History of Earthquakes and Tsunamis of
the Mexican Subduction Zone. RamirezHerrera, M. T.,
CastilloAja, R., Cruz, S., Lagos, M., Rangel, V., and
Nava, H.

Development of Next Generation Field Methods for
Portable Broadband Seismic Arrays
(see page 442)

31. Crustal Structure of the St. Lawrence Corridor from
Montreal to the Charlevoix Seismic Zone from a
Temporary Broadband Array. Bent, A. L. and Kao, H.

32. Performance Modeling of the Transportable Array in
Alaska: Estimated Magnitude of Completeness and
Location Accuracy. Ackerley, N. J.

33. Northern Embayment Lithospheric Experiment (NELE):
Summary, Status and Noise Analysis. NELE Team
(Langston, C.)

34. Analysis of Micro-Earthquakes in the Sierra Madre-
Cucamonga Fault Zone Transition as Recorded by a
Temporary Seismic Deployment. Pazos, C. S., Levario,
J. J., Nget, D., and Polet, J.

35. What Have We Learned from Data from Purpose-Built,
Direct-Bury Sensors at Poker Flat, Alaska? Slad, G. W.,
Anderson, K. E., Reusch, M. M., Hutton, W., Miller,
P., Pfiefer, C., Barstow, N., Parker, T., Beaudoin, B., and
Gridley, J.

36. A Discussion of Seismic Velocity Models, Attenuation
and Stochastic Properties as Indicators of EGS
Favorability in Dixie Valley NV. Tibuleac, I. M. and
Iovenitti, J.

Diverse Mechanisms of Subduction Zone Fault Slip:
Exploring the Relationships among Seismic Rupture,
Transient Slip, and Steady Creep
(see page 444)

37. Temporal Variation of A Large Slow Slip Event
at the Southcentral Alaska Subduction Zone during

2009 2013. Fu, Y., Freymueller, J. T., Argus, D. F., and
Owen, S. E.

38. Network Matched Filtering as a Tool for Characterizing
Seismic Sequences in Alaska. Holtkamp, S. G.

39. Potential Causes for Along-Strike Variability of Slow Slip
Events in South-Central Alaska. Watkins, W. D., Colella,
H. V., Brudzinski, M. R., Dieterich, J. H., and Richards-
Dinger, K. B.

40. A Provably Stable Finite-Difference Method for
Earthquake Cycle Simulations within Subduction Zones.
Erickson, B. A. and Day, S. M.

41. SSE-Related Seismicity on the Northern Hikurangi
Subduction Margin, New Zealand. Bannister, S., Obara,
K., Wallace, L., Bourguignon, S., Fry, B., D’Anastasio, E.,
and Eberhart-Phillips, D.

42. Earthquake Triggering along the Hikurangi Margin:
Implications for Fault Strength and Stability. van der Elst,
N. J. and Savage, H. M.

43. High Resolution Detection and Location of Low
Frequency Earthquakes Using Cross-station and Cross-
detection Correlation. Savard, G. and Bostock,
M. G.

44. PBO Strainmeter Measurements of Cascadia Episodic
Tremor and Slip Events. Hodgkinson, K. M., Phillips,
D., Mencin, D., Henderson, B., Gottlieb, M., Gallaher,
W., Johnson, W., Pyatt, C., Van Boskirk, Fox, Puskas,
Mattioli, Meertens

45. Tremor and Seismicity in the Northern Costa Rica
Seismogenic Zone Leading up to the September 5, 2012
Earthquake. Taylor, S., Chaves, E. J., and Schwartz,
S. Y.

46. Comparison of Velocity and Attenuation Patterns along
the Frictionally Heterogeneous Nicaragua-Costa Rica
Seismogenic Zone. Moore-Driskell, M. M., Bisrat, S. T.,
and DeShon, H. R.

47. Examining Apparent Stress in Microseismicity along the
Costa Rican and Southern Nicaragua Segments of the
Middle America Trench. Rotman, H. M. M., Bilek, S. L.,
and Phillips, W. S.

48. Spatio-Temporal Variations of Afterslip and Aftershocks
Reveal the Role of Fluids at the Megathrust Ruptured by
the Mw8.8 2010 Maule (Central Chile) Great Earthquake.
Tassara, A., Soto, H., Bedford, J., Moreno, M., and Baez,
J. C.

49. Temporal Variations of Intraplate Earthuake Activity
Following the 2011 Tohoku-Oki Earthquake.
Delbridge, B., Matsuzawa, T., Kita, S., Buffett, B., and
Roland, B.

50. Interaction of Trench-Parallel Fault Systems and the
Subduction Zone Earthquake Cycle Investigated with
the IPOC Creepmeter Array in N-Chile. Victor,
P., Sobiesiak, M., Schurr, B., Gonzalez, G. L., and
Oncken, O.

386 Seismological Research Letters Volume 85, Number 2 March/April 2014



Wednesday, 30 April (continued)

Effects of Topography and Surface Loads on Earthquakes
and Faulting
(see page 447)

51. Crustal Deformation from Surface Loading in the Great
Salt Lake Region. Amosu, A. M., and Smalley, R.

52. Heterogeneous Initial Stress States for Dynamic Rupture
Propagation in the 2008 Mw 7.9 Wenchuan Earthquake.
Duan, B.

53. The Influence of Stresses from Topography on the 2008
Wenchuan, China Rupture: Implications for Tectonic
Stresses and Rupture Processes. Styron, R. H. and
Hetland, E. A.

54. Coseismic Slip in the 2013 Lushan, China Earthquake
and Topographic Fault Loading. Hetland, E. A., Styron,
R. H., Zhang, G., and Medina Luna, L.

55. Coulomb Stress, Surface Displacement and Seismic Rate
Changes Associated with Ice Mass Fluctuations on
Seasonal, Annual, and Decadal Time Scales in South
Central Alaska. Sauber, J. and Ruppert, N.

56. The Role of Frictional Softening and Erosion on
Thrusting Sequences in Accretionary Prisms Based on
Sequential Limit Analysis. Mary, B. C. L., Maillot, B.,
and Leroy, Y. M.

Emergence of Continuously Recording Very Large Array
Capabilities in Seismology
(see page 448)

57. Retrieval of Core Phases from Ambient Noise Cross-
correlation Using a Dense Large-aperture Broadband
Array in Southwest China. Wang, W. T., Tsai, C. V.,
and Wang, B. S.

58. An Earthquake Detection Algorithm with Pseudo-
Probabilities of Multiple Indicators. Ross, Z. E. and
Ben-Zion, Y.

59. Recovering Seismic Green’s Functions Using Icequake
Coda Interferometry at Erebus Volcano, Antarctica.
McMahon, N. D., Chaput, J. A., Knox, H. A., Aster,
R. C., and Kyle, P. R.

60. Determining the Geometry and Kinematics of an
Earthquake Fault Using Seismic Gradiometry. Overman,
K. E. O. and Poppeliers, C. J. P.

61. Rupture Speeds of Recent Large Earthquakes. Wang, D.,
Mori, J., and Koketsu, K.

62. Earthquake Locations Using a Wave Gradiometer in
Southern Illinois. Meredith, J. A. and Langston, C. A.

Explosive Source Characterization
(see page 449)

63. Understanding Shear Motion from Underground
Explosions in Granite. Vorobiev, O. Y., Stroujkova, A.,

Ezzedine, S. M. E., Herbold, E. B., Glenn, L., and
Antoun, T.

64. Coupled Non-linear and Linear Acoustic Wave
Propagation Codes for Explosion Monitoring. Preston,
L. and Jones, K. R.

65. Comparing Modeled and Observed Infrasound Signals
from the Source Physics Experiment Tests 2 and 3. Jones,
K. R., Whitaker, R. W., and Arrowsmith, S. J.

66. USArray Acoustic Capabilities Confirm Significant
Meteor Sighting. Edwards, W. N., de Groot-Hedlin,
C. D., and Hedlin, M. A. H.

67. Fiber Optic Acoustic Sensing (FOAS) Far-Field
Observations of SPE 3. Mellors, R. J., Pitarka, A.,
Kuhn, M., Stinson, B., Ford, S. R., Snelson, C., and
Drachenberg, D.

68. Waveform Analysis of Scholte Waves Observed in San
Diego Trough using a Seafloor Source and OBS. Dorman,
L. M.

69. Seismic-Wave Gradiometry Applied to a Small-Scale
Exploration Dataset. Kendall, L. and Langston, C. A.

70. Yield and Depth of the SPE Chemical Explosions by
Modeling of Local Waveforms Using a Source Consisting
of Pure Explosion and Spall Sources. Saikia, C. K. and
Woods, M.

71. Resolving Focal Depth with a Near Field Single Station in
Sparse Seismic Network. Ni, S. and He, X.

72. Isotropic Source Rerms of San Jacinto Fault Zone
Earthquakes based on Waveform Inversions with a
Generalized CAP Method. Ross, Z. E., Ben-Zion, Y.,
and Zhu, L.

73. Full Moment Tensors for Small (Mw < 3) Events at
Uturuncu Volcano, Bolivia. Alvizuri, C. and Tape, C.

74. Time-Dependent Moment Tensors of the First Three
Source Physics Experiments Explosions. Yang, X., Patton,
H. J., Rowe, C. A., and Larmat, C.

75. A Spall Model Comparison with Insights from the Source
Physics Experiment. Ford, S. R., Mellors, R. J., and
Vorobiev, O. Y.

76. Local Distance Application of P/S Methods of
Discriminating Explosions from Earthquakes How Low
Can We Go? Walter, W. R., Pyle, M., Ford, S. R., and
Pasyanos, M. E.

77. Source Physics Experiment Site Characterization:
Earthquake Relocation and Southern Nevada
Attenuation Structure. Pyle, M. L., Walter, W. R.,
Pasyanos, M. E., Myers, S. C., Smith, K. D., and Hauk, T. F.

78. High Resolution Imagery of the Source Physics
Experiment Site Using Seismic Interferometry. Matzel,
E., Pitarka, A., and Mellors, R.

79. 3D Modeling of Rg Wave Propagation on Geophone Lines
Recording the Source Physics Experiment. Larmat, C. S.,
Rowe, C. A., Coblentz, D. D., and Patton, H. J.

80. Structural Heterogeneity at the SPE Site Revealed
Through Combined P-Wave Travel Times and Sub-Band
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Wednesday, 30 April (continued)

Rg Phase Velocities. Rowe, C. A., Patton, H. J., Yang, X.,
Larmat, C., and Coblentz, D.

81. A New Database of Digitized Regional Seismic
Waveforms from Underground Nuclear Explosions in
Eurasia. Kim, W. Y., Mikhailova, N. N., Richards, P.
G., and Sokolova, I. N.

82. High Frequency Network Discrimination Using MLE
Source spectra From Global Amplitude Tomography.
Phillips, W. S., Fisk, M. D., Stead, R. J., Begnaud, M. L.,
Yang, X., and Ballard, S.

Fault Structure, Heterogeneity, and Implications for
Rupture Dynamics
(see page 453)

83. Modeling Fault Rupture Process by Lagrange
Discontinuous Deformation Analysis Method. Cai, Y.

84. Re-visiting Linear Source Inversion with the Full
Complexity of Earthquake Rupture, Including Both Slip
Re-activation and Supershear Rupture. Song, S. G. and
Dalguer, L. A.

85. Fault Slip Heterogeneity of the 2008 Mw 7.9 Wenchuan,
China, Earthquake and Implications for Regional
Tectonic Stresses. Medina Luna, L. and Hetland, E. A.

86. High-Resolution Geophysical Imaging across the
Olympia Structure, Southern Puget Lowland, WA:
Defining a Fault System. Odum, J. K., Stephenson, W. J.,
Pratt, T. L., and Blakely, R. J.

87. Rate-and-State Coulomb Stress Evolution: a Pseudo-
Prospective Southern California Earthquake Forecast.
Strader, A. E. S. and Jackson, D. D. J.

88. High-Resolution Aftershock Distribution of 2010
Mw6.9 Yushu, China Earthquake and Its Implication.
Wang, B., Yang, H., Peng, Z., Yang, J., Han, L., Yang,
W., Yuan, S., and Meng, X.

89. Velocity Contrast along Ganzi-Yushu Fault from Analysis
of Fault Zone Head Waves Associated with Aftershocks
of 2010 Mw6.9 Yushu, Qinghai Earthquake. Yang, W.,
Peng, Z. G., Wang, B. S., Li, Z. F., Meng, X. F., Yuan, S. Y.,
and Qiao, S.

Geometric Complexities along Strike-Slip Systems: New
Insights on Seismic Hazards, Earthquake Behavior, and
Fault System Evolution
(see page 454)

90. Determination of Lithosphere Rheology from
Interseismic Deformation and Implications for Fault
Stress Accumulation. Hines, T. T. and Hetland, E. A.

91. Unraveling Enigmas in the GPS Velocity Field in the Big
Bend Region of the Southern San Andreas Fault System.
Thatcher, W.

92. Fault Interaction in the San Gorgonio Pass Region of the
San Andreas Fault, Southern California. Kendrick, K. J.
and Matti, J. C.

93. Paleoseismology of the Northern San Jacinto Fault Zone
and Implications for Rupture across Steps in the San
Andreas Fault System, Southern California. Onderdonk,
N. W., McGill, S. F., and Rockwell, T. K.

94. Rupture and Ground Motion Models on the
Claremont-Casa Loma Stepover of the San Jacinto
Fault, Incorporating Realistically Complex Initial
Conditions. Lozos, J. C., Olsen, K. B., Oglesby, D. D., and
Brune, J. N.

95. Geometric Complexities of Hosgri Fault Zone Offshore
Point Sal, Central Coastal California. Hogan, P.
J., Nishenko, S. P., Greene, H. G., and Bergkamp,
B. J.

96. Newly Acquired 2D and 3D Multichannel Seismic
Datasets from the Inner California Borderlands Yield
New Constraints on the Timing and Style of Recent
Deformation. Bormann, J. M., Holmes, J. J., Driscoll,
N. W., Kent, G. M., Harding, A. J., Maloney, J. M., and
Ucarkus, G.

97. Aftershocks Following the January 5th 2013 Queen
Charlotte-Fairweather Fault Earthquake near Craig,
Alaska from Offshore Seismic Observations. Roland,
E. C., Ruppert, N. A., Gulick, S., Haeussler, P., and Walton,
A. L.

98. Quaternary Crustal Deformation at the Apex of the
Mount McKinley Restraining Bend of the Denali Fault,
Alaska. Burkett, C. A., Bemis, S. P., Benowitz, J. A., and
Walker, L. A.

99. Insight into the Evolution of the Mount McKinley
Restraining Bend Through Thermochronology: Long-
Term Controls on Slip Distribution. Benowitz, J. A.,
Bemis, S. P., Burket, C. A., and O’Sullivan, P. B.

100. Analog Modeling of Restraining Bends: A Study of Strike-
Slip Fault Evolution. Hatem, A. E., Cooke, M. L., and
Madden, E. H.

Pillars of Simulation: Seismic Velocity and Material
Models
(see page 457)

101. UCVM: Open Source Software Framework for 3D
Seismic Velocity Models. Gill, D., Small, P., Maechling,
P., Jordan, T., Plesch, A., Taborda, R., and Callaghan, S.

102. Two-Station Micro-Tremor Measurements to Detect the
Depth to Bedrock in Sultan, Washington. Hayashi, K.,
Cakir, R., Walsh, T. J., and Dragovich, J. D.

103. Detection of Shallow Crustal Discontinuities from
High-Frequency Waveforms of Local Microearthquakes.
Hrubcova, P., Vavrycuk, V., and Bouskova, A.
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104. Detailed Crustal Structure of the North China and Its
Implication for Seismic Activity. Jiang, W. L., Zhang,
J. F., Wang, X., and Tian, T.

105. Frequency Dependent Lg Attenuation in Northeast
China. Ni, N. R., Gallegos, A. C., Trujillo, A. R., Sandvol,
E. A., Ni, J., Hearn, T. M., Tang, Y., Grand, S. P., Niu, F.L,
Chen, Y. J., Ning, J. Y., Kawakatsu, H., Tanaka, S., and
Obayashi, M.

106. High Resolution Regional Travel-Time Tomography in
South-Central Tibet: Imaging Tibetan Crust beneath
the Hi-CLIMB Array. Riddle, E., Nabelek, J. L., and
Braunmiller, J.

107. Sn Attenuation in Northeast China. Yan, Q., Sandvol, E.,
and Ku, W.

108. Mechanisms of Postseismic Deformation Following the
2010 M = 7.2 El Mayor-Cucapah Earthquake. Rollins,
J. C., Barbot, S. D., and Avouac, J. P.

109. Separation of the Earthquake Tomography Inverse
Problem to Refine Hypocenter Locations and
Tomographic Models: A Case Study from Central
Oklahoma. Toth, C. R., Chen, C. C., and Holland, A. A.

110. Detailed Near Surface Velocity Model and Site Response
of the Hayward, East San Francisco Bay Area: 2D
Velocity Model Based on Active and Passive Surface Wave
Methods. Craig, M. S. and Hayashi, K.

Site Response: From Site-Specific Analyses to Predictive
Models around the Globe
(see page 459)

111. Detailed Near Surface Velocity Model and Site Response
of the Hayward, East San Francisco Bay Area: Seismic
Observation of a Building Implosion and its Interpretation
from Site Response Point of View. Hayashi, K. and
Craig, M.

112. Effect of Site Models on Standard Deviation of
GMPEs and Fundamental Site Frequency as a New
Complementary Site Parameter. Sandikkaya, M. A.,
Bard, P. Y., and Akkar, S.

113. Empirical Assessment of Site Effects in Low Seismicity
Areas. Perron, V., Hollender, F., Guyonnet-Benaize, C.,
Bard, P. Y., and Gélis, C.

114. Rock and Stiff-Soil Site Amplification: Dependency on
VS30 and kappa (k0 >). Laurendeau, A., Cotton, F.,
Ktenidou, O. J., Bonilla, L. F., and Hollender, F.

115. Site Response in Western Washington from Specral
Ratios. Keshvardoost, R. and Wolf, L. W.

116. Site Amplification Using Generalized versus Hazard-
Consistent Ground Motion: A Site-Specific Comparative
Case-Study in CEUS. Li, W., Quittmeyer, R. C., Kimball,
J. K., Blanco, J. E., and Zandieh, A.

117. Shallow and Deep Shear-wave Velocity Data for
ShakeMaps, Characterizations of Earthquake Recording
Station Sites and Site Response Analyses in Washington
and Oregon. Cakir, R., Walsh, T. J., Hayashi, K., Xia, J.,
and Madin, I.

118. Computation of H/V Spectral Ratios at Sites with Strong
Lateral Heterogeneity Using Diffuse Field Theory and
IBEM. Molina Villegas, J. C., Perton, M., and Sanchez
Sesma, F. J.

119. Validation of Dynamic Site Soil Profile at the Central
United States Seismic Observatory, New Madrid Seismic
Zone. Brengman, C. M. J., Carpenter, N. S., Woolery,
E. W., and Wang, Z.

120. Infinite Wedge Revisited: Scattering of Plane Waves
by Wedge Topographic Features. Mohammadi, K. and
Assimaki, D.

Seismological Research Letters Volume 85, Number 2 March/April 2014 389



Wednesday, 30 April (continued)

Thursday, 01 May Concurrent SSA Oral Sessions

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Induced Seismicity
Session Chairs: Ivan
Wong, Justin
Rubinstein, and
Thomas Braun (see
page 461)

Large and
Damaging
Earthquakes of
2013/2014
Session Chairs:
Gavin Hayes,
Thorne Lay, Harley
Benz, and Charles
Ammon (see page
465)

Recent Advances in
Ground Motions
Simulation
Methods and Their
Validation
Session Chairs:
Christine Goulet
and Kim B. Olsen
(see page 469)

Alaska Update of
the USGS National
Seismic Hazard
Maps
Session Chairs: Peter
Haeussler, John
Anderson, and Mark
Petersen (see page
473)

Monitoring
Dynamic Changes
at Active Volcanoes
and Fault Zones
Session Chairs:
Ninfa Bennington,
Matt Haney, and
Silvio de Angelis (see
page 478)

8:30
AM

INVITED: Factors
That Enhance the
Likelihood of Fluid
Injection-Induced
Earthquakes Large
Enough to be Felt.
McGarr, A. and
Rubinstein, J.

From Simple to
Complex: Source
Properties of Some
Recent Large
Earthquakes Using
Seismic and
Geodetic Data.
Hayes, G. P.,
Barnhart, W. D.,
Benz, H. M., Briggs,
R. W., and Gold,
R. D.

Three-Dimensional
Ground-Motion
Simulations of
Earthquakes in the
Hanford,
Washington Area.
Frankel, A., Thorne,
P., and Rohay, A.

INVITED:
Challenges Facing
the Update of the
2007 Probabilistic
Seismic Hazard Map
of Alaska and the
Aleutians. Wesson,
R. L., Boyd, O. S.,
Mueller, C. S., and
Frankel, A. D.

INVITED: Detecting
Temporal Changes
in Active Fault
Zones during Large
Earthquake Cycles.
Peng, Z.

8:45
AM

The Curious Case of
the Timpson, TX
Earthquakes:
Natural or Delayed
Triggering? Leidig,
M. and Bonner, J. L.

STUDENT:
Coulomb Stress
Changes Resulting
from the Mw 7.7
2012 Haida Gwaii
Earthquake. Hobbs,
T. E., Brillon, C.,
Cassidy, J. F.,
Dragert, H., and
Dosso, S. E.

INVITED:
Verification of
Synthetic
Near-Source
Ground Motion
against Empirical
GMPE and
Physics-Based
Stochastic Source
Characterization for
Future Earthquakes.
Dalguer, L. A.,
Baumann, C., and
Song, S. G.

Updating the USGS
Seismic Hazard
Maps for Alaska.
Mueller, C. S.,
Wesson, R. L., Boyd,
O. S., Bufe, C. G.,
Frankel, A. D., and
Petersen, M. D.

INVITED: Imaging
Dynamic Changes
in Heterogeneous
Structures Using
Diffuse Waves: From
Theory to
Applications.
Planés, T.,
Obermann, A.,
Larose, E., Campillo,
M., Rossetto, V.,
Margerin, L., and
Froment, B.

9:00
AM

INVITED: Trying to
Discriminate
Triggered from
Natural Seismicity:
Three Case Studies
from Northern Italy.
Braun, T., Cesca, S.,
and Dahm, T.

Investigating
Dynamic
Interactions between
the October 2012
Haida Gwaii and
January 2013 Craig
Earthquakes.
Walter, J. I., Kao,
H., Peng, Z., Aiken,
C., Meng, X., and
Zimmerman, J.

Summary of a Large
Scale Validation
Project Using the
SCEC Broadband
Strong Ground
Motion Simulation
Platform. Goulet,
C. A. and BBP
Validation Group.

INVITED: The
Denali Fault Slip
Rate and Models of
Interior Alaska
Active Deformation.
Haeussler, P. J.,
Matmon, A.,
Schwartz, D. P., and
Seitz, G.

INVITED:
Nonlinear Site
Response in
Medium Magnitude
Earthquakes near
Parkfield,
California.
Rubinstein, J. L.
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Thursday, 01 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Induced
Seismicity. . .

Large and
Damaging. . .

Recent Adv-Gr
Motion. . .

Alaska Update. . . Monitoring
Dynamic. . .

9:15
AM

INVITED: The Azle,
Texas, Earthquake
Sequence of
2013 2014: Induced
or Natural?
Ellsworth, W. L.,
Benz, H. M., Cain,
C., DeShon, H. R.,
Hayward, C.,
Luetgert, J. H.,
Quitoriano, V.,
Stump, B., and
Wald, D. J.

Magnitude 7.5
Earthquake of 5
January 2013 on
Queen Charlotte
Fault in Southeast
Alaska. Ruppert, N.
A., Yue, H., and
Freymueller, J. T.

INVITED:
Site-Specific
Response in
Validation Studies of
Physics-Based
Earthquake
Simulations.
Assimaki, D., Shi, J.,
and Taborda, R.

Recurrence of Large
Earthquakes along
the Denali Fault
System. Schwartz,
D. P., Haeussler, P. J.,
Seitz, G. G., Koehler,
R. D., Personius, S.
F., Crone, A. J., and
Dawson, T. E.

4D Reflection
Monitoring of Deep
Magma: Lessons
from the
SEA-CALIPSO
Experiment. Brown,
L. and Quiros, D.

9:30
AM

Characterization of
an Earthquake
Sequence Triggered
by Hydraulic
Fracturing in
Harrison County,
Ohio. Friberg, P. A.,
Besana-Ostman, G.
M., and Dricker, I.

STUDENT: Seismic
Slip Distribution of
Large Inter- and
Intra- Plate Oceanic
Strike-slip
Earthquakes.
Aderhold, K.,
Abercrombie, R. E.,
and Antolik, M.

INVITED: Some
Modifications to
Parameters Used in
the Stochastic
Method for
Simulating
High-Frequency
Ground Motions.
Boore, D. M. and
Thompson, E. M.

Synthesis of Results
from a Transect of
Paleoseismic
Investigations across
the Alaska Range.
Bemis, S. P., Walker,
L. A., Federschmidt,
S., DeVore, J. R., and
Taylor, T. P.

Three-Dimensional
Velocity Structure of
the Galeras Volcano
(Colombia) from
Local Earthquake
Tomography and
Evolution of the
Volcanic Activity.
Vargas Jimenez, C.
A. and Torres, R.

9:45
10:45
AM

Break & Posters Cook & Arteaga

10:45
AM

INVITED: Triggered
Earthquakes Far
from the Wellbore:
Fluid Pressure
Migration and the
2008 2014 Jones
Swarm, Central
Oklahoma.
Keranen, K. M.,
Weingarten, M.,
Bekins, B., Ge, S.,
and Abers, G. A.

How the 2013
Lushan Earthquake
(Ms= 7.0)
Triggered Its
Aftershocks:
Insights from Static
Coulomb Stress
Change
Calculations. Zhu,
S., Miao, M., Ren, J.,
and Shi, Y.

INVITED:
Comparison of 3D
and 1D Wave
Propagation
Modeling in the San
Francisco Bay Area.
Pitarka, A.,
Rodgers, A. J.,
Petersson, A., and
Sjogreen, B.

Implications of
Recent Paleoseismic
Observations for
Models of
Alaska-Aleutian
Megathrust Rupture
Patterns. Briggs, R.
W., Witter, R. C.,
Nelson, A. R.,
Koehler, R. D.,
Haeussler, P. J.,
Engelhart, S. E.,
Gelfenbaum, G.,
Dura, T., and
Carver, G.

STUDENT,
INVITED: Changes
in Seismic Velocity
during the
2004 2008
Eruption of Mount
St. Helens Volcano.
Hotovec-Ellis, A. J.,
Vidale, J. E.,
Gomberg, J. S.,
Moran, S., and
Thelen, W. A.
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Thursday, 01 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Induced
Seismicity. . .

Large and
Damaging. . .

Recent Adv-Gr
Motion. . .

Alaska Update. . . Monitoring
Dynamic. . .

11:00
AM

INVITED: Potential
Case of Induced
Seismicity from a
Water Disposal Well
in South-Central
Oklahoma.
Holland, A. A.

Rupture History of
the 2013 Mw6.8
Lushan, China
Earthquake Based
on Strong Motion
Data Inversion: A
High-Angle Blind
Thrusting Event.
Zhang, G., Hetland,
E. A., Shan, X., and
Vallee, M.

The Shakeout
Earthquake Scenario
with Plasticity.
Roten, D., Olsen, K.
B., Day, S. M., Cui,
Y., and FAh, D.

GPS-Derived Fault
Geometries and Slip
Rates for Eastern
Prince William
Sound and the St.
Elias Orogen.
Elliott, J.,
Freymueller, J. T.,
and Larsen, C. F.

STUDENT,
INVITED:
Observations of
Time-Lapsed
Velocity Changes at
Yellowstone from
Ambient Noise
Correlation
Functions. Seats, K.
J. and Lawrence, J. F.

11:15
AM

Constraints on
Recent Earthquake
Source Parameters,
Fault Geometry and
Aftershock
Characteristics in
Oklahoma.
McNamara, D. E.,
Benz, H. M.,
Herrmann, R. B.,
and Bergman, E. A.

STUDENT: Rupture
Process of the
November 17, 2013
Mw 7.8 Scotia Sea
Earthquake. Ye, L.,
Lay, T., Koper, K. D.,
Smalley, R., Bevis,
M. G., Zakrajsek, A.
F., and Teferle, F. N.

PRENOLIN
Project: A
Benchmark on
Numerical
Simulation of 1-D
Non-Linear Site
Effect. 2
Preliminary Results
from the Verification
Phase on Idealistic
Cases. Régnier, J.,
Bonilla, L. F., bard,
P. Y., Bertrand, E.,
Hollender, F.,
Kawase, H., Sicilia,
D., the PRENOLIN
participants: D.
Assimaki, D.
Boldini, S. Iai, S.
Kramer, E. Foerster,
C. Gélis, G. Gazetas,
J. Gingery, Y.
Hashash, P. Moczo,
S. Foti, G. Lanzo, F.
Lopez-Caballero, D.
Roten, K. Pitilakis,
F. DeMartin, B.
Jeremic, A.
Nieto-Ferro, M.P.
Santisi, and D.
Mercerat

INVITED: The
Castle Mountain
Fault, South-Central
Alaska: Sense of Slip
and Slip Rate.
Koehler, R. D. and
Reger, R. D.

Dynamics of the
Yellowstone
Volcanic System
Using 4-D Seismic
Imaging. Farrell, J.,
Smith, R. B., and
Lin, F. C.
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Thursday, 01 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Induced
Seismicity. . .

Large and
Damaging. . .

Recent Adv-Gr
Motion. . .

Alaska Update. . . Monitoring
Dynamic. . .

11:30
AM

INVITED: The 2013
Seismic Sequence
Close to the Gas
Injection Platform of
the Castor Project,
Offshore Spain.
Cesca, S., Grigoli,
F., Heimann, S.,
Gonzalez, A.,
Maghsoudi, S.,
Buforn, E., Blanch,
E., and Dahm, T.

The Implosive
Component of the
2013 Okhotsk Sea
Deep Earthquake:
Evidence from
Radial Modes and
Constraints from
Geodetic Data.
Okal, E. A., Saloor,
N., Freymueller, J. T.,
Steblov, G. M., and
Kogan, M. G.

Rupture Dynamics
and Ground
Motions from 3-D
Dynamic
Rough-Fault
Simulations of
Dip-Slip Events. Shi,
Z. and Day, S. M.

New Seismic Hazard
Model for
Northwestern
Canada. Allen, T. I.,
Adams, J., Rogers, G.
C., and Halchuk, S.

Monitoring Changes
in Seismic Velocity
Related to
Magmatism at
Okmok and
Redoubt Volcanoes,
Alaska.
Bennington, N. L.,
Haney, M., De
Angelis, S., and
Thurber, C. H.

11:45
AM

Seismic Response to
Power Production at
the Coso and Salton
Sea Geothermal
Fields, Southeastern
CA: Using
Operational
Parameters and
Relocated Events to
Study
Anthropogenic
Seismicity Rates and
Reservoir Scale
Tectonic Structure.
Lajoie, L. J.,
O’Connell, D. R. H.,
Brodsky, E. E., and
Creed, R. J.

Slip Models for the
2013 M7.7 and
M6.8 Balochistan
Earthquakes in
Pakistan. Fielding,
E. J., Wei, S. J.,
Yague-Martinez, N.,
Leprince, S.,
Hudnut, K. H.,
Khan, S. D., Motagh,
M., Ayoub, F., and
Samsonov, S.V.

STUDENT:
High-Complexity
Deterministic Q(f )
Simulation of the
1994 Northridge
Mw 6.7 Earthquake.
Withers, K. B.,
Olsen, K. B., Shi, Z.,
and Day, S.

Site-Specific
Probabilistic Seismic
Hazard Analyses of
Anchorage, Alaska
and Comparison to
the 2007 National
Seismic Hazard
Maps. Wong, I.,
Zachariasen, J., and
Dober, M.

STUDENT: Imaging
Seismic Source
Variations with
Back-Projection
Methods at Sierra
Negra Volcano,
Galapagos Islands.
Kelly, C. L.,
Lawrence, J. F., and
Ebinger, C.

Noon
1:15
PM

Lunch La Perouse
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Thursday, 01 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Induced Seismicity
(continued)

Great Earthquakes
and Slip to the
Trench
(Seismological
Society of
Japan/Seismological
Society of America
Joint Session)
Session Chairs: Jim
Mori, David Wald,
and Emily C. Roland
(see page 467)

Recent Advances in
Ground Motions
Simulation
Methods and Their
Validation
(continued)

Seismic Imaging as
USArray Moves to
Alaska
Session Chairs:
Carene Larmat,
Frank Vernon, Bob
Woodward, and
Lindsay
Worthington (see
page 475)

Development of
2014 U.S. National
Seismic Hazard
Maps and Their
Implementation in
Engineering
Applications
Session Chairs:
Sanaz Rezaeian,
Christine Goulet,
John Anderson, and
Mark Petersen (see
page 480)

1:30
PM

STUDENT: Induced
Seismicity
Mechanisms at The
Geysers Geothermal
Field from the
Analysis of Stress
Field Variations
Related to Fluid
Injection.
Martínez-Garzón,
P., Kwiatek, G.,
Bohnhoff, M.,
Dresen, G., and
Hartline, C.

INVITED: Low
Coseismic Friction
on the Tohoku Fault
Determined from
Temperature
Measurements.
Fulton, P. M.,
Brodsky, E. E., Kano,
Y., Mori, J., Chester,
F., Ishikawa, T.,
Harris, R. N., Lin,
W., Eguchi, N.,
Toczko, S.,
Expedition 343,
343T, and KR13-08
Scientists

Using Attenuation
in Ground Motion
Prediction
Equations:
Validating
Improvements to
Strong Ground
Motion Predictions.
Pasyanos, M. E.

Seismic Velocity
Structure and
Anisotropy of the
Alaska Subduction
Zone Derived from
Surface Wave
Tomography. Wang,
Y. and Tape, C.

INVITED: The 2014
Update of the
United States
National Seismic
Hazard Models.
Petersen, M.,
Moschetti, M.,
Powers, P., Mueller,
C., Haller, K.,
Frankel, A., Zeng, Y.,
Rezaeian, S.,
Harmsen, S., Boyd,
O., Field, N., Chen,
R., Rukstales, K.,
Luco, N., Wheeler,
R., Williams, R., and
Olsen, A.

1:45
PM

Geomechanical
Reservoir
Characterization
Using Induced
Seismicity and
State-of-The-Art
Waveform
Processing
Techniques.
Kwiatek, G.,
Bohnhoff, M.,
Martínez-Garzón,
P., Bulut, F., and
Dresen, G.

INVITED: Stress
State near Updip
End of the 2011
Tohoku-Oki
Earthquake Inferred
from OBS
Aftershock
Observations.
Obana, K., Kodaira,
S., Hino, R., and
Shinohara, M.

Constraining
GMPEs in Critical
Ranges for Complex
Ruptures Using
Strong Motion
Simulation
Procedures on the
SCEC Broadband
Platform. Bayless, J.,
Dreger, D.,
Wooddell, K.,
Abrahamson, N.,
and Donahue, J.

INVITED: Seismic
Imaging along a
Dense Broadband
Transect through
Central Alaska.
Abers, G. A. and
Christensen, D. H.

INVITED:
Recommendations
for Future Updates
of the National
Seismic Hazard
Maps. Anderson, J.
G., Abrahamson, N.
A., Campbell, K. W.,
Chapmann, M.,
Hamburger, M. W.,
Lettis, W. R., Shome,
N., Weldon II, R. J.,
and Wills, C. J.
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Thursday, 01 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Induced
Seismicity. . .

Great
Earthquakes. . .

Recent Adv-Gr
Motion. . .

Seismic Imaging as
USArray. . .

Dev of 2014
Hazard Maps. . .

2:00
PM

Moment Tensor
Dynamics of
Hydraulic Fracturing
in Hydrocarbon
Reservoirs. Baig, A.
M. and Urbancic,
T. I.

Large Shallow Slip
of the 2011
Tohoku-oki
Earthquake. Mori, J.
30 minutes

STUDENT: The
Effect of
Topography on the
Seismic Wavefield.
Cahayani, U. and
Tape, C.

Imaging the
Megathrust Zone
and Yakutat/Pacific
Plate Interface in the
Alaska Subduction
Zone. Kim, Y.,
Abers, G. A., Li, J.,
Christensen, D.,
Calkins, J., and
Rondenay, S.

The 2014 National
Seisimic Hazard
Maps: Updated
Catalogs and
Seismicity Models.
Mueller, C. S.

2:15
PM

INVITED: Seismic
Hazard and Ground
Motion Implications
of Induced
Seismicity.
Atkinson, G. M.

Large Shallow Slip
of the 2011
Tohoku-oki
Earthquake. Mori, J.
(continued)

Long-Period
Ground Motion
Simulation for the
2007 Chuetsu-oki,
Japan, Earthquake
Using the Ambient
Seismic Field.
Miyake, H.,
Denolle, M. A., and
Beroza, G. C.

INVITED: Seismic
Tomography of
Alaskan Volcanoes:
Accomplishments
and Opportunities.
Thurber, C., Zhang,
H., Prejean, S.,
Haney, M.,
Ohlendorf, S.,
Lemon, S., and
Brown, J.

Ground Motion
Models Used in the
2014 U.S. National
Seismic Hazard
Maps. Rezaeian, S.,
Petersen, M. D.,
Moschetti, M. P.,
Powers, P., Harmsen,
S. C., and Frankel,
A. D.

2:30
PM

INVITED:
Quantifying the
Seismic Hazard
From Natural and
Induced
Earthquakes.
Rubinstein, J. L.,
Llenos, A.,
Ellsworth, W. L.,
McGarr, A.,
Michael, A., Mueller,
C., and Petersen, M.

Constraining the
Broadband Slip
History of 2011
Tohoku Earthquakes
Using a Two-Step
Finite Fault
Approach. Ji, C. and
Archuleta, A. J.

STUDENT:
Validation of the
Equivalent
Point-Source
Method for
Modeling Ground
Motions from Large
Earthquakes. Yenier,
E. and Atkinson,
G. M.

Seismicity of Alaska
1973 2013: A
Well-constrained
Catalog of
Earthquake
Locations Using
Multiple Event
Relocation Methods.
Benz, H., Myers, S.,
Johannesson, G.,
Bergman, E., Earle,
P., and Hayes, G.

INVITED: New
Time-Independent
and
Time-Dependent
Seismic Source
Models for the
Wasatch Front, Utah
for the National
Seismic Hazard
Maps. Wong, I.,
Lund, W., DuRoss,
C., Thomas, P.,
Arabasz, W., Crone,
A., Hylland, M.,
Luco, N., Olig, S.,
Pechmann, J.,
Personius, S.,
Petersen, M.,
Schwartz, D., and
Smith, R.

2:45
3:45
PM

Break & Posters Cook & Arteaga
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Thursday, 01 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Induced Seismicity
(continued)

Great Earthquakes
and Slip to the
Trench
(Seismological
Society of
Japan/Seismological
Society of America
Joint Session)
(continued)

Merging Paths:
Earthquake
Simulations and
Engineering
Applications
Session Chairs:
Ricardo Taborda,
Aysegul Askan, and
Tsuyoshi Ichimura
(see page 472)

Seismic Imaging as
USArray Moves to
Alaska (continued)

Development of
2014 U.S. National
Seismic Hazard
Maps and Their
Implementation in
Engineering
Applications
(continued)

3:45
PM

INVITED: Managing
Seismic Hazard Due
to Induced
Earthquakes in
Central Arkansas
through Partnership
between Scientific
and Regulatory
Agencies. Horton,
S. P., Ausbrooks, S.
M., Withers, M. M.,
and Ogwari, P. O.

INVITED:
Constraining
Shallow Slip and
Tsunami Excitation
in Megathrust
Ruptures Using
Seismic, Ocean
Acoustic, and
Tsunami Waves
Recorded on
Ocean-Bottom
Sensor Networks.
Dunham, E. M.,
Kozdon, J. E., and
Lotto, G. C.

Simulation of
Structure Seismic
Response Based on
Analyzing
Fault-structure
System in Large
Computing
Environment.
Quinay, P. E. B.,
Ichimura, T., and
Hori, M.

Tracking Glaciers
with the Alaska
Seismic Network.
West, M. E.

Integrating
UCERF3 into the
2014 National
Seismic Hazard
Maps. Powers, P. M.
and Field, E. H.

4:00
PM

Protocol and Best
Practices for
Addressing Induced
Seismicity
Associated with
Enhanced
Geothermal Systems
(EGS). Majer, E.,
Nelson, J.,
Robertson-Tait, A.,
Savy, J., and Wong,
I.

Complete Stress
Drop in Shallow
Great Earthquakes.
Hardebeck, J. L.

End-to-End
Simulation of the
Response of
Building Clusters
during Earthquakes
in the Presence of
Coupled
Soil-Structure
Interaction Effects.
Taborda, R.,
Isbiliroglu, Y., and
Bielak, J.

STUDENT:
Automated Surface
Wave Phase Velocity
Measuring System
and Its Application
on USArray. Jin, G.
and Gaherty, J.

INVITED: A
Summary of
Findings and Models
of the NGA-West2
Research Program.
Bozorgnia, Y.,
Abrahamson, N.,
Campbell, K.,
Rowshandel, B., and
Shantz, T.
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Thursday, 01 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

Induced
Seismicity. . .

Great
Earthquakes. . .

Merging Paths. . . Seismic Imaging as
USArray. . .

Dev of 2014
Hazard Maps. . .

4:15
PM

Discussion Seismic Versus
Aseismic Slip:
Probing Mechanical
Properties of the
Northeast Japan
Subduction Zone.
Shirzaei, M.,
Bürgmann, R.,
Uchida, N., Hu, Y.,
and Pollitz, F.

City-Soil Interaction
in the Valley of
Mexico:
Amplification and
Long Duration
Ground Motion.
Ramirez-Guzman,
L., Macias Castillo,
M., Contreras, M.,
Zepeda, O., and
Aguirre, J.

Resurrection Plate
Revisited: Does a
New Kinematic
Model of the
Yakutat, Crescent,
and Siletz Terranes
Solve an Old Puzzle?
McCrory, P. A. and
Wilson, D. S.

Proposed
Earthquake Ground
Motion Maps for
Model Building
Codes Based on the
2014 United States
Geological Survey
National Seismic
Hazard Model.
Luco, N., Bachman,
R. E., Crouse, C. B.,
Harris, J. R., Hooper,
J. D., and Kircher, C.
A., (Rezaeian, S.)

4:30
PM

CMT Re-analysis of
the Great 1964
Alaska Earthquake.
Nettles, M. and
Ekström, G.
30 minutes

STUDENT:
Nonlinear Time
History Analyses of
Structures under
Real and Synthetic
Ground Motions.
Karimzadeh, S.,
Askan, A., Yakut, A.,
and Ameri, G.

Lithospheric
Modification at the
Southern Edge of
Laurentia Revealed
by Broadband
Seismology.
Pulliam, J., Grand,
S. P., and Gurrola, H.

On NGA and
NEHRP Site
Coefficients Inferred
for Site Classes in
U.S. Building Codes.
Borcherdt, R. D.

4:45
PM

Rupture to Rafters
to Response:
Completing the
Loop of Earthquake
Science, Engineering
and Policy. Lin, T.

Attenuation and
Shear-Wave Speed
Tomography in the
Central U.S. from
Teleseismic Ambient
Seismic Field
Correlations. Poli,
P. and Prieto, G. A.

Preliminary
Application of the
2014 U.S. National
Seismic Hazard Map
and Its Implication
in the Reinsurance
Industry. Lee, S. W.
and Wang, Z.

5:15
6:15
PM

Joyner Lecture - Alaska Ballroom, Hilton (see page 482)

Ground Motion Prediction Equations: Past, Present, and Future Boore, D. M.
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Thursday, 01 May (continued)

Thursday, 01 May Morning Poster Sessions

Alaska Update of the USGS National Seismic Hazard Maps
(see page 482)

1. Earthquake Risk in Alaska. Nyst, M., Williams, C., and
Fitzenz, D.

2. Preliminary Results from the Watana Seismic Network
and Development of a 3D Slab Model, South-Central
Alaska. LaForge, R., Ostenaa, D., Shumway, A.,
Turner, J., Lajoie, L., Ruppert, N., Carey, B., and
Bruen, M.

3. Slip on the Suckling Hills Splay Fault during the 1964
Alaska Earthquake. Chapman, J. B., Elliott, J., Doser,
D. I., and Pavlis, T. L.

4. Creation of the Alaska Earthquake Scenario Atlas:
Using ShakeMap to Improve Awareness of Seismic
Hazard and Risk in the Last Frontier. Gardine, M.,
Ruppert, N., West, M. E., Wald, D., Quitoriano, V., and
Worden, B.

5. Estimating Mmax of Intraslab Earthquakes. Shumway,
A. M., Reyes, D. K., and LaForge, R.

Development of 2014 U.S. National Seismic Hazard Maps
and Their Implementation in Engineering Applications
(see page 483)

6. NGA-West2 Horizontal Ground Motion Model:
Comparison of CB08 and CB14. Campbell, K. W. and
Bozorgnia, Y.

7. Alternative Approaches for the National Seismic Hazard
Mapping. Wang, Z. and Cobb, J.

8. A Fault-Based Model for Crustal Deformation in the
Western United States and Its Application to Seismic
Hazard Analysis. Zeng, Y. and Shen, Z. K.

9. Update of the Pacific Northwest Fault and Ground-
motion Models for the 2014 National Seismic
Hazard Maps. Petersen, M. D., Frankel, A. D., and
Chen, R.

10. Effect of Adaptive Smoothing Seismicity Rate Models on
Seismic Hazard in the 2014 Update to the U.S. National
Seismic Hazard Maps. Moschetti, M. P., Powers, P., Felzer,
K., and Petersen, M.

11. Implications of Recent Findings from Bayesian Inversion
of GPS Data for Seismic Hazard Assessment in California.
Murray, J. R. and Minson, S. E.

12. Probabilistic Tsunami Hazard Mapping. Thio, H. K.,
Polet, J., Li, W., Wilson, R., and Somerville, P.

13. Ground Motion Attenuation Relations for Central U.S.
Using Hybrid Broadband Synthetics. Shahjouei, A. and
Pezeshk, S.

Great Earthquakes and Slip to the Trench (Seismological
Society of Japan/Seismological Society of America Joint
Session)
(see page 485)

14. Could a Sumatra-Like Megathrust Earthquake Occur in
the South Ryukyu Subduction Zone? Lin, J. Y., Sibuet,
J. C., Hsu, S. K., and Wu, W. N.

15. Can Compaction Further Enhance Inelastic Wedge
Failure in Shallow Subduction Zone Earthquakes?
Hirakawa, E. T. and Ma, S.

16. A Joint Seismic and Geodetic Rupture Model for the 2012
Haida Gwaii Earthquake and the Location of Slip on the
Interface Relative to the Queen Charlotte Fault. Polet, J.,
Simons, M., Fielding, E. J., and Samsonov, S. V.

17. Relationship between High-frequency Radiation and
Asperity Rupture, Revealed by Hybrid Back-projection
with Non-planer Fault. Okuwaki, R., Yagi, Y., and
Hirano, S.

18. The Occurrence of Two Types of Megathrust Earthquakes
in South Central Alaska. Reeder, J. W.

Induced Seismicity
(see page 486)

19. Characteristics of Induced/Triggered Earthquakes during
The Guy-Greenbrier Earthquake Sequence (2010 2011)
in North-Central Arkansas. Ogwari, P. O., Horton, S. P.,
and Ausbrooks, S. M.

20. Earthquake Monitoring in Eastern Canadian Areas with
Shale Gas Exploration Potential. Lamontagne, M.

21. Seismic Monitoring at the Decatur, IL, Carbon Dioxide
Sequestration Demonstration Site. McGarr, A., Kaven,
J. O., Hickman, S. H., Walter, S. R., Svitek, J., and
Ellsworth, W. L.

22. Microseismic Network Performance Estimation:
Comparing Predictions to an Earthquake Catalogue.
Greig, D. W. and Ackerley, N. J.

23. Spatio-Temporal Evolution of Earthquake Clusters in
Natural and Induced Seismicity. Zaliapin, I. and
Ben-Zion, Y.

24. Geothermal Pumping and Induced Seismicity in
California Geothermal Fields. Weiser, D. A., Jackson,
D. D., and Jones, L. M.

25. Precision and Accuracy of Micro-Seismic Event
Locations. Myers, S. C., Johannesson, G., Templeton,
D. C., and Matzel, E. M.

26. Examining Induced Seismicity in SE New Mexico in the
Vicinity of the Waste Isolation Pilot Plant. Edel, S. S.,
Bilek, S. L., and Ingate, S. F.

27. Source Characteristics and Failure Process of Hydraulic
Fracturing Micro-Seismic Events Located within and
Below the Target Formation. Viegas, G. and Urbancic, T.
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Thursday, 01 May (continued)

28. Comparison of Empirical and Model-Based Matched
Field Processing (MFP) Earthquake Detection
Techniques at the Newberry EGS Site. Templeton, D. C.,
Matzel, E. M., and Harris, D. B.

29. Seismic Efficiency, Overshoot and Enhanced Dynamic
Weaking of Fractures Associated with Stimulation in
Heavy Oil Reservoirs. Meighan, L. N., Urbancic, T. I.,
and Baig, A. M.

30. A Study of the Potential for Induced Seismicity Resulting
from CO2 Injection at Kimberlina, Southern San Joaquin
Valley, California. Bradley, C. R., Lee, R. C., Coblentz,
D. C., Wilson, J. E., and Stone, I. P.

31. Characterizing Potentially Induced Earthquake Rate
Changes in the Brawley Seismic Zone, CA. Llenos, A. L.
and Michael, A. J.

32. Extreme Shallow Earthquakes in the Sedimentary Basin
of Imperial Valley, Triggering of Extensional Faulting by
Fluid Injection. Wei, S., Hudnut, K., Andrea, D., Parker,
J. W., Graves, R., Helmberger, D. V., Fielding, E. J., and
Liu, Z.

33. Estimation of Seismic Hazard Due to Induced
Seismicity Related to Deep Geothermal Wells. Spies, T.,
Schlittenhardt, J., Kopera, J. R., and Morales, W.

Large and Damaging Earthquakes of 2013/2014
(see page 489)

34. The ISC Event Bibliography: A Useful Service for
Studying Notable Seismic Events. Di Giacomo, D.,
Storchak, D. A., Safronova, N., Ozgo, P., and Harris,

35. Possibility of the Independence between the 2013 Lushan
Earthquake and the 2008 Wenchuan Earthquake on
Longmen Shan fault, Sichuan, China. Jia, K., Zhou, S.,
Zhuang, J., and Jiang, C.

36. Near Field Dynamic, Co-seismic and Post-seismic
Deformations Associated with the 2013, M7.8, and 2003,
M7.6, South Scotia Ridge Earthquakes Observed with
GPS. Smalley, R., Bevis, M. G., Zakrajsek, A. F., Teferle,
F. N., Dalziel, I. W. D., Lawver, L. A., and Larter, R. D.

37. Characterization of Recent Large Earthquakes in Asia
from Backprojection Imaging of Regional Seismic Data.
Euler, G. G., Randall, G. E., and Hartse, H. E.

38. Mainshock and Aftershock Mechanisms of the Mw = 7.5
Craig, Alaska Earthquake of January 5, 2013 from
Continuous Moment Tensor Scanning. Macpherson, K.
A., Ruppert, N. A., Dreger, D. S., Lombard, P., Freymueller,
J. T., Nicolsky, D. J., and Guilhem, A.

39. Modeling Large Earthquakes in Realistic Structures;
Mw8.3 Sea of Okhotsk Earthquake. Wei, S. J.,
Helmberger, D. V., and Sun, D. Y.

40. Puerto Rico M6.4 Earthquake of January 13, 2014: PGA
& IMM Distribution in the Island. Huerta-Lopez, C.,
Martinez-Pagan, J., Santana-Torres, E., Upegui-Botero,
M., and Martinez-Cruzado, J.

41. Response and Fault Characteristics of the Mw6.4 January
13, 2014 Puerto Rico Earthquake: The Largest Event
Recorded at the Puerto Rico Seismic Network. Lopez-
Venegas, A. M., Martinez, F., Mattioli, G. S., Huerfano,
V., Baez, G., Irizarry, H., and von Hillebrandt, C.

Merging Paths: Earthquake Simulations and Engineering
Applications
(see page 491)

42. Hybrid Low-High Frequency Ground motion Time
Histories for Central U.S. Shahjouei, A. and Pezeshk, S.

43. Synthetic Strong Ground Motion from a Scenario
Earthquake in a Region of Sparse Seismological Data:
Xanthi, N. Greece. Roumelioti, Z., Margaris, B., and
Kiratzi, A.

44. The Ambient Seismic Field Captures Complex
Sedimentary Basin Effects. Denolle, M. A., Miyake, H.,
Nakagawa, S., Hirata, N., and Beroza, G. C.

45. Ground Motion Similarity and Coherency between Total
and Effective Stress Analyses. Montoya-Noguera, S. and
Lopez-Caballero, F.

46. Developing Ground Motions for Tall Buildings in
Southern California. Zafir, Z.

Monitoring Dynamic Changes at Active Volcanoes and
Fault Zones
(see page 492)

47. Ambient Noise Monitoring of Temporal Changes in
Seismic Velocity at the Geysers Geothermal Field,
California. Lai, V. H., Taira, T., and Dreger, D. S.

48. Nonlinear Deformation Examples Recorded by the Plate
Boundary Observatory. Puskas, C. M., Phillips, D.,
Hodgkinson, K., Berglund, H., Sievers, C., Meertens,
C. M., Mattioli, G. S., and Mencin, D.

49. Study of the Site Effects at Cotopaxi Volcano:
Construction of a Seismic Activity Index. Ortiz, H. D.,
Palacios, P. B., and Ruiz, M. C.

50. ExplosionEarthquakesduringthe2007EruptionofPavlof
Volcano, Alaska. Smith, C. M. and McNutt, S. R.

51. Receiver Function Analyses of Uturuncu Volcano, Bolivia.
McFarlin, H., Christensen, D., Thompson, G., and
McNutt, S.

Network Operations and Data Centers
(see page 493)

52. Datasets for Seismology: ISC, EHB and GT Bulletins,
Station Registry, ISC-GEM Catalogue and Event
Bibliography. Storchak, D. A., Di Giacomo, D.,
Richardson, W. P., and Harris, J.
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53. Field Observation and Quality Control of China Array
Project. Yuan, S. Y., Yang, W., Song, L. L., Wang, B. S.,
Xu, W. W., Liu, Z. Y., Jia, Y. H., and Qiao, S.

54. Croatian Seismicity Database. Herak, M., Herak, D., and
Ivanèi, I.

55. The Next Generation of Data Flow at the USGS
National Earthquake Information Center (NEIC). Guy,
M., Patton, J., Ketchum, D., Fee, J., Martinez, E., Hearne,
M., Benz, H., and Earle, P.

56. The Mexican Seismic Network. Alcantara, L., Ramirez-
Guzman, L., Valdes, C., Perez, C., Perez, J., and
Almora, D.

57. Advanced National Seismic System (ANSS)
Comprehensive Catalog. Fee, J. M., Martinez, E. M.,
Hunter, E. J., Hearne, M., and Guy, M.

58. A New Shallow Water Cabled OBS Network Off Central
California. McLaren, M. K. and Rademacher, H.

59. Remote Calibration Procedures for STS-2s: Example
from the STS-2HG for CTBTO at YBH. Hellweg, M.,
Uhrhammer, R. A., and Taira, T.

60. Large Scale Real-Time GPS Networks, Data Processing
Systems and Community Datasets. Phillips, D. A.,
Mencin, D. J., Sievers, C., Austin, K., Berglund, H. T.,
Blume, F., Meertens, C. M., and Mattioli, G. S.

61. Automatically Processed Aftershock Sequence for the
2012 Oct 27 Haida Gwaii Earthquake. Mulder, T. L.,
Vernon, F. L., Rosenberger, Kilb, White, M. C., Rogers,
G. C., Brillon, C., and Bentkowski, W.

62. Need Data? The IRIS DMC Can Help. Trabant, C.,
Ahern, T., Casey, R., Reyes, C., Suleiman, Y., Weertman,
B., and Benson, R.

New Insights into Ground Failure as an Urban Earthquake
Hazard
(see page 495)

63. Mapping Earthquake Induced Liquefaction Surface
Effects from the 2011 Tohoku Earthquake Using
Satellite Imagery. Zhu, J., Baise, L. G., Koch, M., and
Gaber, A.

64. The Age of Landslides in Anchorage, Alaska. Reeder,
J. W.

65. Landslide Hazard Mapping and Quantitative Landslide
Hazard Planning Scenario for Aizawl, India. Clahan,
K. B. and Dee, S.

66. Influence of Near Surface Stiffness, Material Type, and
Prior Rupture History on Reverse Fault Surface Rupture.
Stanton, K. V. and Moss, R. E. S.

67. Updated Geospatial Liquefaction Model for Global Use.
Zhu, J., Baise, L. G., Thompson, E. M., Magistrale, H.,
and Wald, D. J.

Recent Advances in Ground Motions Simulation Methods
and Their Validation
(see page 496)

68. Using the SCEC Broadband Platform for Strong Ground
Motion Simulation and Validation. Silva, F., Maechling,
P., Goulet, C., Somerville, P., and Jordan, T.

69. Evaluation of the Point-Source Stochastic Simulation
Method within the SCEC Broadband Platform Validation
Effort. Di Alessandro, C., Boore, D. M., and
Abrahamson, N. A.

70. Validation of the Stochastic Finite Fault Module (EXSIM)
Implemented on the SCEC Broadband Platform.
Assatourians, K. and Atkinson, G.

71. Refinements to the Graves and Pitarka (2010) Broadband
Simulation Method. Graves, R. W.

72. The SDSU Broadband Ground Motion Generation
Module Version 1.5. Olsen, K. B. and Takedatsu, R.

73. Adapting the Composite Source Model for the SCEC
Broadband Platform. Anderson, J. G.

74. Separating Low- and High-Frequency Wave Propagation
in Synthetic Broadband Ground Motion Modeling.
Crempien, J. G. F. and Archuleta, R. J.

75. Pseudo-dynamic Source Modeling with 1-Point and 2-
Point Statistics of Earthquake Source Parameters. Song,
S. G., Dalguer, L. A., and Mai, P. M.

76. Broadband Acceleration Time Histories Synthesis by
Coupling Low Frequency Seismic Noise and High
Frequency Stochastic Modelling. Viens, L., Laurendeau,
A., Bonilla, L. F., and Shapiro, N.

77. DeterministicSimulationoftheMw5.4ChinoHillsEvent
with Frequency-Dependent Attenuation, Heterogeneous
Velocity Structure and Realistic Source Model. Savran,
W. H. and Olsen, K. B.

78. Sensitivity of Ground Motion Simulation Validation
Criteria to Filtering. Khoshnevis, N. and Taborda, R.

79. 3D Modeling of Full Waveform Propagation to Evaluate
Site Effects on Design Ground Motions at LANL.
Larmat, C. S., Miller, T. A., Gable, C. W., and Lee,
R. C.

80. Two Summation-By-Parts Finite Difference Codes for
Large Scale Simulations of Seismic Motion. Petersson,
N. A., Sjogreen, B., and Rodgers, A. J.

81. A New Discrete Representation of Heterogeneous
Medium for the Staggered-grid Finite-difference
Modelling of Earthquake Motion. Kristek, J., Moczo,
P., Chaljub, E., De Martin, F., Kristekova, M., and
Galis, M.

82. GPU-based 3D Simulation of Acoustic Wave Propagation
with Complex Topography. Kim, K. and Lees,
J. M.
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Thursday, 01 May (continued)

Seismic Imaging as USArray Moves to Alaska
(see page 499)

83. New Data Products at the IRIS DMC. Bahavar, M.,
Hutko, A., and Trabant, C.

84. EarthScope’s Transportable Array in Alaska. Busby, R.
W., Hafner, K., and Woodward, R. L.

85. Celebrating 10 Years of Delivering EarthScope USArray
Transportable Array data from the Array Network Facility
(ANF). Eakins, J. A., Vernon, F. L., Astiz, L., Davis,
G. A., Meyer, J., Reyes, J., Martynov, V., Tytell, J., and
Cox, T.A.

86. Flat-Slab Subduction and Whole Crustal Faulting in
Alaska: Potential Targets for Earthscope and Joint Active-
Passive Seismic Imaging. Worthington, L. W., Gulick,
S. P. S., Christeson, G., van Avendonk, H. J. A., Pavils, G.
L., Ruppert, N., and Pavlis, T. L.

87. Joint Inversion of Seismic and Gravity Data for Velocity
Structure and Hypocentral Locations at Akutan and
Makushin Volcanoes. Syracuse, E. M., Maceira, M., and
Zhang, H.

88. Using S Receiver Functions to Investigate Lithospheric
and Crustal Structure Below Alaska. O’Driscoll, L. J. and
Miller, M. S.

89. WaveformModelingofLargeEarthquakesoftheSouthern
Fairbanks Seismic Zone, Alaska (1929 1947). Doser,
D. I.

90. Seismic Moment Tensors in Southern Alaska Derived
from Body Waves and Surface Waves. Silwal, V. and
Tape, C.

91. Earthquakes of the Minto Flats Seismic Zone, Central
Alaska. Keyson, L., Silwal, V., West, M., and
Tape, C.

92. Crustal Thickness beneath the Western United States
from Virtual Deep Seismic Sounding (VDSS). Yu, C.
Q., van der Hilst, R. D., and Chen, W. P.

93. The Wyoming Province and the Llano Province: A Tale
of Two Proto-continents. Porritt, R. W., Allen, R. M.,
Pollitz, F. F., and Miller, M. S.

94. Application of Advanced Multivariate Inversion
Techniques to the Western U.S. Maceira, M., Ammon,
C. J., Chai, C., and Herrmann, R. B.

95. Arc Structure around Mount Rainier From the Joint
Inversion of Receiver Functions and Seismic Noise.
Obrebski, M., Abers, G., and Foster, A.

96. A Joint Local, Regional and Teleseismic Tomography
Study of the New Madrid Seismic Zone. Nyamwandha,
C. A., Powell, C. A., and Langston, C. A.

97. Joint Inversion for Kilauea Volcano with an Edge-
Preserving Constraint. Lin, Y., Syracuse, E., Maceira, M.,
Larmat, C., and Zhang, H.

98. Low Wave Speed Zones in the Crust beneath the SE
Tibet Revealed by Ambient Noise Adjoint Tomography.

Chen, M., Huang, H., van der Hilst, R. D., and
Niu, F.

99. Which Receiver Function Features Warrant Geological
Interpretation? Lekic, V. and Kolb, J. M.

Topics in Seismology: Hazards
(see page 503)

100. 3-D Dynamic Analysis of Precariously Balanced Rocks
under Earthquake Excitation. Veeraraghavan, S. and
Krishnan, S.

101. Performance of the North Anna Nuclear Power Plant
during the 2011 Mineral, Virginia, Earthquake A
Regulatory Perspective. Li, Y., Stirewalt, G. L., and
Manoly, K. A.

102. The Impact of the L’Aquila Trial on the Scientific
Community, An Update. Braun, T., Amato, A., Cocco,
M., Cultrera, G., Galadini, F., Margheriti, L., Nostro, C.,
Pantosti, D., Bonaccorso, A., Demartin, M., Marco De
Martini, P., Di Stefano, R., Hunstad, I., Marzocchi, W.,
Meletti, C., Pacor, F., Pondrelli, S., Quareni, F., Selvaggi,
G., and Todesco, M.

103. Using Fragile Geologic Features to Place Constraints on
Long Term Seismic Hazard. Stirling, M. W., Rood, D. H.,
and Barrell, D.

104. Defining the Usable Bandwidth for Response Spectra
from Records with Different Sampling Rates and Anti-
aliasing Filters. Goulet, C. A. and Boore, D. M.

Topics in Seismology: Processes
(see page 504)

105. Analysis of High-Frequency Icequakes at a Marine-
Terminating Glacier in Greenland. Veitch, S. A. and
Nettles, M.

106. The Response of Elastic Systems in the Earth to Dynamic
Perturbations. Delorey, A. A., Chao, K., Uchida, N.,
Obara, K., and Johnson, P. A.

107. Thermal Aging of the Oceanic Asthenosphere. Paulson,
E. M. and Jordan, T. H.

108. Icequakes Triggered by Surface Waves From Large
Teleseismic Earthquakes. Peng, Z., Walter, J. I., Aster,
R., Nyblade, A., Wiens, D., and Anandakrishnan, S.

109. Observations of Seismic Whistlers in USArray. Young,
B. A. and Langston, C. A.

110. Permeability Evaluation According to Complex Precision
Observations. Besedina, A. N., Vinogradov, E. A.,
Gorbunova, E. M., and Kabychenko, N. V.
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Thursday, 01 May (continued)

Topics in Seismology: Regional Seismicity and Tectonics
(see page 505)

111. Properties of the Subduction System in Mexico. Kim, Y.
and Clayton, R. W.

112. The Significance of the Yakutat Plate to the Alaska
Orocline. Reeder, J. W.

113. Seismicity in the Basin and Range Province of Sonora,
México, near the Rupture of the 3 May 1887 Mw 7.5
Earthquake, between 2003 and 2011. Castro, R. R.

114. Seismic Studies of the Jalisco Block. Escudero, C. R.,
Nuñez-Cornu, F. J., Gomez, A., Guitierrez, Q. J., Pinzon,
J. I., Perez, O. G., Robles, F. J., and Cordoba, D.

115. Revisiting the Uljin Sequence of April 2006. VanDeMark,
T. F., Kim, T. S., and Kang, I. B.

116. Analysis on Co-seismic Responses of Well Water Level
and Water Temperature in Ganshu Province to Wenchuan
Ms8.0 Earthquake and Japan Ms9.0 Earthquake. Zhang,
Z., Wang, W., and Liu, L.

117. Seismicity of the Lau Basin as Viewed from Ocean-Bottom
Seismometer and Sound Channel Moored Hydrophone
Arrays. Bohnenstiehl, D. R., Dziak, R. P., Conder, J., and
Matsumoto, H.

118. Downhole Seismic Monitoring in the Istanbul/Eastern
Sea of Marmara Region: Recent Results from the ICDP-
GONAF Project. Bohnhoff, M., Dresen, G., Bulut, F.,
Raub, C., Kilic, T., Kartal, R. F., Kadirioglu, F. T., Nurlu,
M., Malin, P.E., and Ito, H.

119. An M 4.8 Earthquake in the Upper Mantle beneath the
Wind River Range, Wyoming. Pechmann, J. C., Koper,
K. D., Herrmann, R. B., Whidden, K. M., Benz, H. M.,
Pankow, K. L., Lin, F., and Chapman, D. S.

120. Implications of Gravitational Anomalies within the
Muckleshoot Basin of Northwest Washington. Cox, J. H.,
Wolf, L. W., and Taylor, J. P.

121. Delineation Seismic Source Zones Based on Seismicity
Parameters and Seismotectonic Characteristics around
Sabah and North Borneo. Adnan, A., Harith, N. S. H.,
and Shoushtari, A. V.
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Friday, 02 May (continued)

Friday, 02 May Concurrent SSA Oral Sessions

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the
Earthquake Source
to Damage of
Buildings:
Bridging the Gap
between
Seismology and
Earthquake
Engineering
Session Chairs: Luis
A. Dalguer, Carlo
Cauzzi, Aysegul
Askan, and Philippe
Gueguen (see page
508)

Advances in
Understanding
Earthquake Hazard
in Central and
Eastern North
America
Session Chairs:
Robert Williams,
Mitch Withers,
William
Stephenson, and
John Ebel (see page
512)

Seismic Location
and Processing
Techniques (see
page 516)

A Decade of Great
Subduction
Earthquakes
What Have We
Learned From
Their
Ground-Motions?
Session Chairs:
Trevor Allen and
Gail Atkinson (see
page 520)

Tracking Fluid
Movement in
Volcanic Systems
Session Chairs: John
Lyons, Helena
Buurman, Diana
Roman, and David
Fee (see page 524)

8:30
AM

INVITED: Does a
1D Velocity
Structure Hurt or
Help Ground
Motion Predictions?
Crempien, J. G. F.
and Archuleta, R. J.

STUDENT:
Paleoseismic
Evidence for
Persistent Intraplate
Seismicity
Associated with
Reactivation of
Precambrian Crustal
Structures in Central
Canada. Doughty,
D., Eyles, N.,
Wallace, K. E.,
Eyles, C. H., and
Boyce, J. I.

Hypocentral
Relocations Aided
by Virtual Receivers
Constructed via
Seismic
Interferometry.
Horowitz, F. G.

INVITED:
Ground-Motion
Prediction
Equations for Large
Interface
Earthquakes Based
on Empirical Data
from the 2011 M9.0
Tohoku,
Earthquake.
Ghofrani, H. G.
and Atkinson, G. M.

Re-Examining the
Tectonic/Magmatic
Controls on
Dynamic Triggering
in the Brittle Crust.
Prejean, S. G. and
Hill, D. P.

8:45
AM

Stress Drop
Variations and Their
Relevance for
Ground Motion
Prediction. Oth, A.
and Bindi, D.

The St. Lawrence
Rift System and Its
Relationships with
Recent Earthquakes.
Lamontagne, M.

Real-time Automatic
Detectors of P and S
Waves Using
Singular Value
Decomposition.
Kurzon, I., Vernon,
F. L., Rosenberger,
A., and Ben-Zion, Y.

INVITED:
Magnitude Scaling
Rates for Large
Earthquakes in
Ground Motion
Prediction
Equations for Japan.
Zhao, J. X.

INVITED: Magmatic
and Hytrothermal
Fluid Controls on
Deep, Distal and
Shallow Volcanic
Seismicity. White,
R. A. and
McCausland, W.
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Friday, 02 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the EQ
Source. . .

Advances in
Understanding. . .

Seismic
Location. . .

A Decade of
Great. . .

Tracking Fluid. . .

9:00
AM

Stress Drop
Variability and Its
Relationship to
Variability in
GMPEs. Baltay,
A. S. and Hanks,
T. C.

USArray
Transportable Array
Evolving into the
Central and Eastern
United States
Network (CEUSN).
Vernon, F., Busby,
R., Woodward, R.,
and Astiz, L.

The Effects of
Measurement
Uncertainties on the
Estimation of
Seismic Gradients.
Poppeliers, C. and
Johnson, C. E.

INVITED:
Broadband
Synthetic
Seismograms for M9
Cascadia
Earthquakes Using
3D Simulations.
Frankel, A.,
Phillips-Alonge, K.,
Stephenson, W., and
Delorey, A.

Do Pre-Eruptive
Swarms have
Systematically
Different
Earthquakes than
Non-Eruptive
Swarms? Buurman,
H. and West, M. E.

9:15
AM

Identification of
Near-Field
Ground-Motion
Characteristics and
Predictors Based on
Synthetic Data
Obtained from
Dynamic Rupture
Models. Dalguer, L.
A., Cauzzi, C.,
Baumann, C., and
Giardini, D.

STUDENT:
Referenced
Empirical
Ground-Motion
Model for Eastern
North America,
Based on the
NGA-West 2
GMPE. Hassani, B.
and Atkinson, G. M.

Doing More with
Short Period Data:
Using Coda
Envelopes to
Estimate
Magnitudes for
Clipped and
Over-Run
Earthquakes.
Wellik, J. J.,
McCausland, W.,
and Waite, G. P.

Broadband Strong
Motion Simulations
of Large Subduction
Earthquakes.
Skarlatoudis, A. A.,
Somerville, P. G.,
Thio, H. K., and
Bayless, J. R. B.

Short-Term Seismic
Quiescence
Immediately
Preceding Explosive
Eruptions. Roman,
D. C., Rodgers, M.
J., Geirsson, H.,
LaFemina, P. C.,
Munoz, A., and
Tenorio, V.

9:30
AM

Squeezing Kappa
out of the
Transportable Array:
When the Going
gets Tough.
Ktenidou, O. J.,
Silva, W., Darragh,
B., Abrahamson, N.
A., Kishida, T., and
Cotton, F.

STUDENT:
Comparing the
CENA GMPEs
using NGA-East
Ground Motion
Database. Ogweno,
L. P. and Cramer,
C. H.

Identification and
Extraction of Surface
Waves from
3-Component
Seismograms Based
on the ‘‘Normalized
Inner Product’’.
Meza-Fajardo, K.
C., Papageorgiou, A.
S., and Semblat, J. F.

INVITED:
NGA-Sub: Plan to
Develop Next
Generation Ground
Motion Models for
Subduction
Earthquakes.
Bozorgnia, Y. and
Kishida, T.

INVITED: Evidence
for Ongoing Magma
Recharge at Mount
St. Helens,
Washington.
Moran, S. C. and
Lisowski, M.

9:45
10:45
AM

Break & Posters Cook & Arteaga
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Friday, 02 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the
Earthquake Source
to Damage of
Buildings:
Bridging the Gap
between
Seismology and
Earthquake
Engineering
(continued)

Advances in
Understanding
Earthquake Hazard
in Central and
Eastern North
America (continued)

Recent Advances
and Findings in
Earthquake
Geology and
Paleoseismology
Session Chairs:
Scott Bennett and
Christopher DuRoss
(see page 517)

75 Years of
Frequency-Size-
Distribution of
Earthquakes:
Observations,
Models and
Understanding
Session Chairs:
Thessa Tormann,
Max Wyss, and
Jeanne Hardebeck
(see page 521)

Tracking Fluid
Movement in
Volcanic Systems
(continued)

10:45
AM

INVITED: Progress
of the Southern
California
Earthquake Center
Technical Activity
Group on Ground
Motion Simulation
Validation. Luco, N.
and Rezaeian, S.

Time Dependence
of Magnitude
Conversion
Relations for Eastern
Canada: More
Complex than We
Thought. Bent,
A. L.

INVITED: Third
Generation
Paleoseismology:
Clustering,
Segmentation,
Supercycles and
Paleo Slip Models.
Goldfinger, C.
30 minutes

INVITED: b-Values,
Stress and Fault
Heterogeneity
during Laboratory
Stick-Slip
Experiments.
Goebel, T. H. W.,
Becker, T. W.,
Sammis, C. G.,
Schorlemmer, D.,
and Dresen, G.

STUDENT: Volcanic
Tremor and
Frequency Gliding
during the 2011
Kamoamoa
Eruption, Kilauea,
Hawai‘i. Unglert, K.
and Jellinek, A. M.

11:00
AM

Stochastic Model for
the Simulation of
Seismic Ground
Motion for
Reliability Analysis
of Industrial
Structures and
Components.
Zentner, I.

STUDENT:
Regional Study of
Fourier Amplitude
Drop of Lg-Wave
Acceleration in
Central United
States. Chapman, M.
C., Pezeshk, S.,
Hosseini, M., and
Conn, A.

INVITED: Growing
Large Scale Fractures
in a Salt Mine and
Their Effects on the
Frequency-
Magnitude
Distribution.
Maghsoudi, S.,
Cesca, S., Hainzl, S.,
Dahm, T., and
Kaiser, D.

Air-Ground
Coupling of
Volcanic Tremor
Using Cross-Spectral
Analysis. Fee, D. E.
and Matoza, R. S.

11:15
AM

Directivity Pulse
Characterization of
NGA-West2
Earthquakes
PSHA
Implementation and
Seismic Structural
Response
Implications.
Rowshandel, B.

High-Resolution
Aeromagnetic Data
Illuminate Crustal
Structure Associated
with the New
Madrid Seismic
Zone, Missouri and
Arkansas. Blakely,
R. J., Williams, R.
A., Shah, A. K.,
Sherrod, B. L., and
Weaver, C. S.

A 3D Marine
Paleoseismology
Investigation
Offshore South
Central Coastal
California.
Nishenko, S. P.,
Greene, H. G.,
Hogan, P., and
AbramsonWard, H.

INVITED:
Geomechanical
Modeling of
Frequency-
Magnitude
Distributions of
Induced Seismicity.
Bachmann, C. E.,
Wiemer, S., and
Goertz-Allmann,
B. P.

Seismic Radiation
from Volcanic
Conduits:
Characterization of
Propagating Waves
and Source
Excitation.
Karlstrom, L. and
Dunham, E. M.
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Friday, 02 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the EQ
Source. . .

Advances in
Understanding. . .

Recent
Adv-Geology. . .

75 Years of . . . Tracking Fluid. . .

11:30
AM

Ground Motions
Due to Earthquakes
on Creeping Faults.
Harris, R. A. and
Abrahamson, N. A.

STUDENT: Relative
Locations of
Earthquakes and
Potential Driving
Mechanisms of
Seismicity along the
Northeast U.S.
Atlantic Passive
Margin. Napoli, V.
J., and Ebel, J. E.

10 m Slips on the
Pitas Point Thrust:
M8 Earthquakes in
the Western
Transverse Ranges of
Southern California.
Rockwell, T. K.,
Clark, K., Oskin, M.,
Gamble, L., Haaker,
G., Ucarkus, G.,
Kent, G., and
Driscoll, N.

Tectonic b-Value
Variation
Interpreted as
Stress-Meter
Examples from
Different Scales.
Tormann, T.,
Wiemer, S.,
Woessner, J., and
Enescu, B.

Volcanic and
Non-Volcanic Events
from the Nascent
Mt. Pagan
Seismo-Acoustic
Network. Lyons, J.
J. L., Haney, M. M.
H., Fee, D. E. F.,
Read, C. W. R., and
Paskievitch, J. F. P.

11:45
AM

A Naive Bayesian
Approach to Strong
Ground Motionn
Selection for
Non-Linear Seismic
Analysis of
Structures. Lancieri,
M., Reanult, M.,
Lecomte, L.,
Perrault, M.,
Baumont, D.,
Gueguen, P., and
Berge-Thierry, C.

Recent Earthquakes
in the Central and
Eastern U.S. Prompt
Variable Responses
to Reduce Future
Earthquake Losses.
Williams, R. A.

Multi-Method
Measurement of
Offset from the
1857 Fort Tejon
Earthquake along
the San Andreas
Fault in the Carrizo
Plain at Channel
Sieh31. Akciz, S. O.,
Grant Ludwig, L.,
Halford, D.,
Maliyani, G. I.,
Salisbury, J. B.,
Kleber, E. J.,
Arrowsmith, J. R.,
Rhodes, E., and
Capaldi, T.

INVITED: Local
Magnitude
Distributions in the
3rd Uniform
California
Earthquake Rupture
Forecast
(UCERF3). Page,
M. T., Field, E. H.,
and Milner, K. R.

Cyclic Hybrid
Swarms at Soufriere
Hills Volcano,
Montserrat,
1996 2001.
Thompson, G. and
McNutt, S. R.

Noon
1:15
PM

Lunch La Perouse
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Friday, 02 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the
Earthquake Source
to Damage of
Buildings:
Bridging the Gap
between
Seismology and
Earthquake
Engineering
(continued)

New Directions in
PSHA: Ins, Outs,
and Uncertainty
Session Chairs: Peter
Powers, Morgan
Moschetti, and Ned
Field (see page 514)

Recent Advances
and Findings in
Earthquake
Geology and
Paleoseismology
(continued)

Fifty Years of
Tsunami Science:
from the 1964
Earthquake and
Tsunami to the
SAFRR Tsunami
Scenario
Advances in
Tsunami Source
Characterization,
Numerical Analysis
and Hazard
Mitigation
Session Chairs:
Elena Suleimani,
Stephanie Ross,
Hong Kie Thio, and
Dmitry Nicolsky
(see page 522)

Citizen
Seismology:
Citizens Helping
Science Helping
Citizens
Session Chairs: Paul
Earle, Susan Hough,
and Gail Atkinson
(see page 526)

1:30
PM

On the Use of
Earthquake Early
Warning and
Operational
Earthquake
Forecasting for
Real-Time Risk
Mitigation at
Nuclear Power
Plants in
Switzerland. Cauzzi,
C., Behr, Y., Renault,
P., Clinton, J.,
Wiemer, S., Le
Guenan, T.,
Douglas, J.,
Woessner, J., Caprio,
M., and Cua, G.

Incorporating Time
Dependence in
PSHA in the (Near)
Absence of Data.
Biasi, G.,
Thompson, S.,
AbramsonWard, H.,
Abrahamson, N.,
Hanson, K., Lettis,
W., Caskey, J., and
Gregor, N.

STUDENT,
INVITED: 3D
Comparison of
Coseismic Fold
Deformation for the
Last 5 Events across
a Releasing
Step-over at the
Frazier Mountain
Paleoseismic Site,
Southern San
Andreas Fault, CA.
Streig, A. R.,
Weldon, R. J.,
Scharer, K. M.
30 minutes

Far-Field Tsunami
Detection and
Warning,
1854 2014: One
Hundred and Sixty
Years in the Intricate
Relation between
Earthquake Source
and Tsunami. Okal,
E. A.

Earthquake Intensity
Distributions: A
New View. Hough,
S. E.

1:45
PM

Real-time GPS
enhanced
Earthquake Early
Warning: The
Northern California
Setup. Grapenthin,
R., Johanson, I. A.,
and Allen, R. M.

Computing Elastic-
Rebound-Motivated
Earthquake
Probabilities in
Un-segmented Fault
Models The
UCERF3
Methodology
Supported by
Physics-based
Simulators. Field,
E. H.

Tsunami Modeling
and Inundation
Mapping in
Southcentral Alaska.
Nicolsky, D. J.,
Suleimani, E. N.,
Koehler, R. D., and
West, M. E.

Reconciling
Intensity Prediction
Equations with
Ground Motion
Prediction
Equations.
Atkinson, G. M.,
Worden, C. B., and
Wald, D. J.
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Friday, 02 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the EQ
Source. . .

New Directions in
PSHA. . .

Recent
Adv-Geology. . .

50 Years of
Tsunami. . .

Citizen
Seismology. . .

2:00
PM

An Evaluation of
U.S. Geological
Survey’s PAGER’s
Alerting Accuracy.
Marano, K. D.,
Garcia, D., Hearne,
M., Jaiswal, K., and
Wald, D. J.

How Can We
Combine Epidemic
Type Aftershock
Sequences (ETAS)
and Finite Source
Rupture Models?
Segou, M. S.

A Tale of Two
Seisms Down
Under: 23 March
2012 Mw 5.4
Ernabella and 9 June
2013 Mw 5.6 Mulga
Park. Clark, D. J.,
McPherson, A.,
Allen, T.

Inundation Mapping
and Hazard
Assessment of
Tectonic and
Landslide Tsunamis
in Southeast Alaska.
Suleimani, E.,
Nicolsky, D. J., and
Koehler, R. D.

Quantitative
Analyses of Did You
Feel It? Data.
Worden, C. B.,
Wald, D. J.,
Quitoriano, V., and
Caprio, M.

2:15
PM

Real-Time Shake
Mapping in Istanbul.
Zulfikar, C., Tunc,
S., Yas, T., and Erdik,
M.

Probabilistic Seismic
Hazard Analysis
Using the Single
Station Sigma
Concept:
Application to a
New Nuclear Site.
Rodriguez-Marek,
A., Rathje, E. M.,
Bommer, J. J.,
Scherbaum, F., and
Stafford, P. J.

STUDENT:
Geomorphic and
Geologic Evidence
of Recently Active
Faults and Folds in
Java, Indonesia.
Marliyani, G. I.,
Arrowsmith, J. R.,
and Helmi, H.

The SAFRR
Tsunami Scenario:
Improving
Resilience for
California from a
Plausible M9.1
Earthquake near the
Alaska Peninsula.
Ross, S. L., Jones, L.
M., Wilson, R. I.,
Miller, K., Bahng, B.,
Barberopoulou, A.,
Borrero, J. C.,
Brosnan, D. M.,
Bwarie, J. T., Geist,
E. L., Johnson, L. A.,
Kirby, S. H., Knight,
W. R., Long, K.,
Lynett, P.,
Mortensen, C. E.,
Nicolsky, D. J.,
Oglesby, D. D.,
Perry, S. C., Plumlee,
G. S., Porter, K. A.,
Real, C. R., Ryan,
K., Suleimani, E.,
Thio, H. K., Titov,
V. V., Wein, A.,
Whitmore, P. M.,
and Wood, N. J.

Performance of
Several Low-Cost
Accelerometers.
Evans, J. R., Allen,
R. M., Chung, A. I.,
Cochran, E. S., Guy,
R., Hellweg, M., and
Lawrence, J. F.
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Friday, 02 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the EQ
Source. . .

New Directions in
PSHA. . .

Recent
Adv-Geology. . .

50 Years of
Tsunami. . .

Citizen
Seismology. . .

2:30
PM

Multi-Hazard Risk
Maps for Coastal
Communities of
Washington. Cakir,
R., Walsh, T. J.,
Slaughter, S., and
Norman, D. K.

INVITED: Using the
Averaging-Based
Factorization to
Assess Low
Frequency (<0.5
Hz) CyberShake
Hazard Models.
Wang, F., Jordan,
T. H., Callaghan, S.,
Graves, R. W.,
Olsen, K. B., and
Maechling, P.

The Timing of the
Recent Two Faulting
Events on the
Himalayan Frontal
Fault in Ramnagar
Area, Uttarakhand,
India. Okumura,
K., Malik, J. N.,
Santiswarup, S.,
Naik, S. P., and
Khan, A.

Advances in
Tsunami Risk
Assessment and Risk
Mitigation. Porter,
K. A.

Twitter Based
Earthquake
Detection and
Characterization:
System Assessment
and Future
Directions. Earle,
P. S., Guy, M. R.,
Horvath, S. R.,
Turner, J. S., and
Bausch, D.

2:45
3:45
PM

Break & Posters Cook & Arteaga

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the
Earthquake Source
to Damage of
Buildings:
Bridging the Gap
between
Seismology and
Earthquake
Engineering
(continued)

New Directions in
PSHA: Ins, Outs,
and Uncertainty
(continued)

Recent Advances
and Findings in
Earthquake
Geology and
Paleoseismology
(continued)

Fifty Years of
Tsunami Science:
from the 1964
Earthquake and
Tsunami to the
SAFRR Tsunami
Scenario
Advances in
Tsunami Source
Characterization,
Numerical Analysis
and Hazard
Mitigation
(continued)

Earthquake Physics
and Interaction (see
page 528)

3:45
PM

Fatalities in Greek
Earthquakes, Past
and Future. Wyss,
M. and Tolis, S.

Visualizing the
Range of Epistemic
Uncertainty of
GMPEs. Kuehn, N.
M., Gianniotis, N.,
Scherbaum, F., and
Abrahamson, N.

New Paleoseismic
Study of the
Septentrional Fault,
Dominican
Republic. Prentice,
C. S., Scharer, K.,
Gold, R., DeLong,
S., and Pena, L.

Numerical Modeling
of the SAFRR
Tsunami Scenario.
Thio, H. H.,
Suleimani, E., Ryan,
K., Ross, S.,
Nicolsky, D., Knight,
W., Lynett, P.,
Borrero, J., Wilson,
R., and Geist, E.

STUDENT:
Temporal and
Spatial Clustering of
Intermediate-Depth
Earthquakes:
Evidence for a
Cascading Effect.
Barrett, S. A. and
Prieto, G. A.
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Friday, 02 May (continued)

Time Room 1 Room 2 Room 3 Room 4 Room 7/8

From the EQ
Source. . .

New Directions in
PSHA. . .

Recent
Adv-Geology. . .

50 Years of
Tsunami. . .

Earthquake
Physics. . .

4:00
PM

Macroscale
Vulnerability
Assessment Using
Association Rule
Learning, A
Data-Mining Tools.
Riedel, I. and
Gueguen, P.

INVITED:
Comparison of
Epistemic
Uncertainty in
Hazard in California
between UCERF2
and UCERF3.
Shome, N., Powers,
P. M., and Petersen,
M. D.

Revised Earthquake
Hazard of the Hat
Creek Fault,
Northern
California:
Paleoseismology in
Pleistocene Lava
Flows. Kattenhorn,
S. A. and Blakeslee,
M. W.

STUDENT:
Modeling
Megathrust Rupture
through
Stable-Sliding
Zones, and
Implications for an
Alaskan-Aleutian
Megathrust
Earthquake and
Tsunami. Ryan, K.
J., Oglesby, D. D.,
and Geist, E. L.

Time-Dependent
Earthquake
Forecasts on a
Global Scale.
Rundle, J. B.,
Holliday, J. R.,
Turcotte, D. L., and
Graves, W. R.

4:15
PM

Estimation of
Seismic Losses in
Urban Regions
within an
Interdisciplinary
Framework: A Case
Study. Askan, A.,
Erberik, M. A.,
Yakut, A., Kilic, N.,
Karimzadeh, S.,
Sisman, F. N., and
Asten, M.

INVITED: Testing
for Ontological
Errors in
Probabilistic Seismic
Hazard Models.
Jordan, T. H. and
Marzocchi, W.

A Candidate Fault
Scarp from the 1872
Earthquake near
Chelan,
Washington.
Sherrod, B. L.,
Blakely, R. J.,
Barnett, E. A.,
Schermer, E., Lasher,
J. P., Sherrod, J. M.,
Miller, B., and
Slaughter, S.

Incorporating
Progressive Rupture
into Tsunami
Models for Tsunami
Warning. Fryer, G.
J., Becker, N. C., and
Wang, D.

Seismic Evidence for
Thermal Shear
Runaway during
Intermediate-Depth
Earthquake Rupture.
Prieto, G. A.

4:30
PM

Evaluation of
Building
Vulnerability Due to
Liquefaction Using
the Canterbury
Earthquake
Sequence
Observations.
Ancheta, T. D. and
van Balleygooy, S.

Effects of Various
Declustering and
Smoothing Methods
on Earthquake
Catalogs and
Consequences for
Seismic Hazard and
Seismic Risk in New
Zealand. Apel, E. V.
and Nyst, M.

INVITED:
Challenges and
Opportunities in
Synthesizing
Multiple
Paleoseismic Data
Sets. Biasi, G. P. and
Weldon, R. J.
30 minutes

Joint Earthquake
Source Inversion of
Land- and
Ocean-based
Geophysical Sensors
for Tsunami Early
Warning. Melgar,
D. and Bock, Y.

A Global
Comparison of
Crustal Earthquake
Scaling from Stable
Event Ratio Levels.
Yoo, S. H., Walter,
W. R., and Mayeda,
K.

4:45
PM

Building
Time-Dependent
Earthquake
Recurrence Models
for Probabilistic
Loss Computations.
Fitzenz, D. D. and
Nyst, M.

The Global
Earthquake Activity
Model: What It Is,
What It Can Do,
and How It Can Be
Tested. Jackson, D.
D., Bird, G. P.,
Kagan, Y. Y.,
Kreemer, C., and
Stein, R.

STUDENT:
Meteotsunamis
Generated by
Mesoscale
Convective Systems
along the U.S. East
Coast on June 13th,
2013. Wertman, C.
A., Yablonsky, R. M.,
Shen, Y., Merrill, J.,
Kincaid, C. R., and
Pockalny, R. A.

STUDENT: Stress
Drop Studies of
Earthquakes in the
Southern North
Island and Cook
Strait Region of New
Zealand. Barnes,
K., Doser, D. I., and
Abercrombie, R. E.
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Friday, 02 May (continued)

Friday, 02 May Morning Poster Sessions

75 Years of Frequency-Size-Distribution of Earthquakes:
Observations, Models and Understanding
(see page 528)

1. A Lower Bound for Gutenberg-Richter’s b-Value and
Speculations on Fractal Dimensions. Nava, F. A.

2. Using b-values and Apparent Stress to Characterize
Stability of Hydraulic Fracture Growth. Karimi, S.,
Urbancic, T. I., and Baig, A. M.

3. Microseismicty and Glacier Dynamics at the Vaughn
Lewis Icefall, Alaska. Lipovsky, B. P., Karlstrom, L., and
Denolle, M. A.

4. Evolution of the 2008 Mogul Earthquake Swarm, Reno,
Nevada: Identifying Complex Structures in a Shallow
Urban Seismic Sequence. Ruhl, C. J., Smith, K., and
Abercrombie, R. E.

5. How Complete is the ISC-GEM Global Earthquake
Catalog? Michael, A. J.

6. Confidence Intervals for the Magnitude of the Largest
Aftershock. Shcherbakov, R.

7. Statistical Properties of Aftershock Sequences Generated
by Large Subduction Earthquakes. Shcherbakov, R.,
Goda, K., and Atkinson, G.

8. The Temporal Stability of b-Value estimates and
Its Implications for Regional and Local Studies.
Zúñiga, F. R., Figueroa-Soto, A., and Márquez,
V. H.

9. 1/f and the Earthquake Problem: A Forecasting
Framework Based on Fault Weakening and Scaling
Constrained ETAS. Yoder, M. R. and Rundle,
J. B.

A Decade of Great Subduction Earthquakes What Have
We Learned from Their Ground-Motions?
(see page 520)

10. Source Scaling Relations of Subduction Earthquakes
for Strong Ground Motion and Tsunami Prediction.
Skarlatoudis, A. A., Somerville, P. G., Thio, H. K., and
Bayless, J. R.

11. Ground-Motion Prediction Equations of Intermediate-
Depth Earthquakes in the Hellenic Arc, Southern Aegean
Subduction Area. Skarlatoudis, A. A., Papazachos, C.
B., Margaris, B. N., Ventouzi, C., Kalogeras, I., and
EGELADOS Group.

12. Global Analysis of Rupture Duration for Intermediate and
Deep Earthquakes. Poli, P. and Prieto, G. A.

13. Seismic High-frequency Radiation during the March
20th 2012 (Mw 7.5) Mexican Earthquake, Using Strong
Motion Data. Aguirre, J.

Advances in Understanding Earthquake Hazard in Central
and Eastern North America
(see page 512)

14. Ground Motion Site-Effects from Multi-Method Shear-
Wave Velocity Characterization at Portable Seismograph
Stations Deployed for Aftershocks of the August 2011
Mineral, Virginia Earthquake. Stephenson, W. J., Odum,
J. K., McNamara, D. E., and William, R. A.

15. Airborne Geophysical Survey Data Used to Infer
Geological Features Associated with Fault Slip in the
Central Virginia Seismic Zone. Shah, A. K., Horton,
J. W., McNamara, D. E., Spears, D. B., and Burton,
W. C.

16. Earthquake Swarms Associated with the Saratoga-
McGregor Fault System near Albany, NY. Ebel, J. E.,
Jacobi, R. D., O’Hara, A., and Starr, J. C.

17. A New Set of Focal Mechanisms for the Eastern Tennessee
Seismic Zone. Cooley, M. T. and Powell, C. A.

18. Hazard Associated with the Eastern Tennessee Seismic
Zone. Powell, C. A.

19. Discerning Faults Responsible for the Charleston, South
Carolina Earthquake of 1886. Pratt, T. L., Shah, A. K.,
and Horton, J. W.

20. Lg Propagation and Attenuation across Continental
Margins, Scotia Basin. Mousavi, S. M. and Cramer,
C. H.

21. Initial ENA Empirical GMPEs Using the NGA-East
Database. Al Noman, M. N. and Cramer, C. H.

22. Improving Stress Drop Measurements from EGF Scaling
and Stress Release in the Darfield-Christchurch, New
Zealand Earthquake Sequence. Abercrombie, R. E., Fry,
B., Doser, D. I., and Gerstenberger, M.

Citizen Seismology: Citizens Helping Science Helping
Citizens
(see page 526)

23. Detecting Frequency Content of Ground Motion with
Smart Phones Using Wavelet Analysis. Aktas, M., Kuyuk,
H. S., Durgun, G. Y., and Dok, G.

24. Limits of Smart Phones as Seismic Sensors. Kuyuk, H. S.
and Aktas, M.

25. Relationship between Seismic Intensities (MMI), PGA,
and PGV for the April 20, 2013, Mw6.6 Lushan, China
Earthquake and a Comparison with North America.
Mooney, W. D. and Wang, H. L.

26. Developing Ground Motion Estimates from M> 6.0
Earthquake Intensity Observations for Use in ENA
Emperical GMPEs. Cramer, C. H.

27. Frequency Distribution of JMA Seismic Intensity and
Ishimoto-Iida Law. Kato, M.
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Friday, 02 May (continued)

Earthquake Physics and Interaction
(see page 528)

28. The Seismic Quiescence Phenomenon in Taiwan. Wang,
J. C., Shieh, C. F., and Wang, J. H.

29. The Construction of the Fault Model in Ordos, China.
Gao, B., wangql.box@263.net, Q., Jia, K., and Zhou, S.

30. Quantifying and Explaining the Frequency-Dependent
Radiation Pattern of the 2000 Tottori, Japan, Earthquake.
Seats, K. J. and Dunham, E. M.

31. Applying the Time-Domain Moment Tensor Inversion
Technique to Regional Earthquake Data in the Puerto
Rico-Virgin Island Region. Martinez-Torres, F. A., and
Lopez-Venegas, A.

32. A Fluid-Induced Seasonally Modulated Earthquake
Swarm near Maupin, Oregon. Braunmiller, J., Nabelek,
J. L., and Trehu, A. M.

Fifty Years of Tsunami Science: from the 1964 Earthquake
and Tsunami to the SAFRR Tsunami Scenario Advances
in Tsunami Source Characterization, Numerical Analysis
and Hazard Mitigation
(see page 535)

33. California Marshes as Recorders of Paleotsunamis:
Example from Pillar Point. Jaffe, B. E., Richmond, B. M.,
Wilson, R., Hemphill-Haley, E., Kelsey, H. M., Peters, R.,
Leeper, R., and Watt, S.

34. Observations on the 1964 Distant-Source Tsunami
Deposit at Crescent City, California, USA. Hemphill-
Haley, E., Kelsey, H., Graehl, N., Caldwell, D., Robinson,
M., Loofbourrow, C., and Vermeer, J.

35. Geospatial Methods in Support of Tsunami Research.
Macpherson, A. E., Nicolsky, D. J., and Suleimani, E.

36. Tsunami Evacuation Modeling for Cannon Beach,
Oregon. Madin, I. P., Priest, G. R., and Watzig, R. J.

37. Seismic Monitoring Capabilities of the Caribbean
and Adjacent Regions Tsunami Warning System. von
Hillebrandt-Andrade, C. G., Crespo Jones, H., Saurel,
J. M., McNamara, D., Huérfano Moreno, V. A., and
Working Group 1 UNESCO IOC Intergovernmental
Coordination Group for the Tsunami and other
Coastal Hazards Warning System for the Caribbean and
Adjacent Regions (CARIBE EWS)

38. Stochastic Models of Earthquake Slip for Probabilistic
Tsunami Modeling. LeVeque, R. J., Waagan, K.,
Gonzalez, F. I., and Lin, G.

39. A Coupled Model for Dynamic Wedge Failure, Coseismic
Landslides, and Tsunami Propagation for Shallow
Subduction Earthquakes. Yao, Q., Hirakawa, E. T.,
Ma,

From the Earthquake Source to Damage of Buildings:
Bridging the Gap between Seismology and Earthquake
Engineering
(see page 536)

40. 3D Spontaneous Dynamic Rupture on Geometrically
Complex Faults: The 2010 Mw 7.1 Darfield (New
Zealand) Earthquake. Abolfathian, N., Galvez, P., and
Dalguer, L. A.

41. Forecasting the Rupture Directivity of Large Earthquakes.
Donovan, J. and Jordan, T. H.

42. Effects of Difference of Source Spectrum Modeling
on Synthetic Motions in Empirical Green’s
Function Method. Yamaguchi, M., Dan, K., and
Kitamura, H.

43. Quantifying the Spatial Variability of Ground Motion
Residuals Using Site-to-Site Closeness Index as a Distance
Metric. Hollenback, J. C. and Moss, R. E. S.

44. Progress Report for the Center for Engineering Strong
Motion Data in 2014. Haddadi, H., Stephens, C., Shakal,
A., Savage, W., Huang, M., and Parrish, J.

45. Demonstration of PEER Record Processing
Methodology. Ancheta, T. D., Chiou, B. S. J., Darragh,
R. B., Goulet, C., Kishida, T., Kottke, A. R., Ktenidou,
O., and Silva, W. J.

46. V/H from an Analysis of Kiban Kyoshin Network Data.
Yazd, M. S., Gregor, N. J., and Marrone, J. E.

47. Nonlinear Seismology a Reality. Bridging the Gap
between This Reality and Earthquake Engineering.
Marmureanu, G., Cioflan, C. O., Marmureanu, A., and
Manea, E.

48. Ground Motion Hazard Maps for Engineering Design
in the New Madrid Seismic Zone of the Central United
States. Wang, Z.

49. Developing Worldwide Capacity for Analysis of Data
Supporting Earthquake Hazard Analysis. Willemann,
R. J., Beck, S. L., Pulliam, J., Sandvol, E., Meltzer, A. S.,
Pasyanos, M. E., Louie, J. N., Waldhauser, F., and Russo,
R. M.

50. The Effects of Local and Background Seismic Sources on
the New Probabilistic Seismic Hazard Map of Peninsular
Malaysia. Adnan, A., Shoushtari, A. V., and Harith,
N. S. H.

51. CISN ShakeAlert: An Update on Earthquake Early
Warnings from ElarmS. Hellweg, M., Allen, R. H.,
Grapenthin, R., Johanson, I., Henson, I., Neuhauser, D.,
and Strauss, J. A.

52. Status of Earthquake Early Warning in Cascadia. Crowell,
B. W., Bodin, P., Hartog, J. R., Vidale, J. E., Schmidt, D. A.,
and Kress, V. C.

53. Real-time Seismogeodetic Monitoring of Structural
Deformation during Shaketable Experiments. Goldberg,
D., Bock, Y., Geng, J., Haase, J. S., Melger, D.,
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Friday, 02 May (continued)

Offield, D. G., Restrepo, J., Saunders, J. K., and
Squibb, M.

54. Cross Disciplinary Practices and Approaches to Assure
Safety of Schools. Dargush, A. S.

55. SEISM Institute and SINAPS@ Project: Synergy between
Scientists and Engineers in France to Improve Seismic Risk
Assessment. Berge-Thierry, C., Bard, P. Y., Baumont,
D., Bertrand, E., Clouteau, D., Grange, S., Erlicher, S.,
Kotronis, P., Moussallam, N., Nicolas, M., Ragueneau, F.,
Semblat, J.-F., and Voldoire, F.

56. Seismic Response of Building Clusters: A Numerical
and Laboratory Study. Colombi, A., Roux, P., and
Rupin, M.

Near-Field Seismoacoustics of Natural and Man-Made
Explosions
(see page 540)

57. Hydroacoustic Recordings of Explosive Submarine
Eruptions at NW Rota-1 and West Mata Volcanoes.
Caplan-Auerbach, J., Dziak, R. P., Chadwick, W. W.,
and Lau, T. K.

58. Acoustic Signatures of Different Explosive-Detonator
Configurations in Small HE Explosions. Marcillo, O.,
Arrowsmith, S., and Morton, E.

59. An Analysis of Repeating Explosions Using
Seismoacoustic Data. Morton, E., Arrowsmith, S. J.,
Marcillo, O., and Whitaker, R.

60. The Acoustic Signatures of Ground Acceleration, Gas
Expansion, and Spall Fallback in Experimental Volcanic
Explosions. Bowman, D. C., Taddeucci, J., Kim, K.,
Lees, J. M., Graettinger, A. H., Sonder, I., and Valentine,
G. A.

61. Large Scale Blast Experiments Integrate Field, Remote
Sensing, and Laboratory Based Techniques. Sonder, I.,
Graettinger, A. H., Valentine, G. A., Bowman, D. C., and
Lees, J. M.

62. A Seismo-Acoustic Infrasound Methodology for Accurate
Large Scale Simulations. Petersson, N. A., Sjogreen, B.,
and Rodgers, A. J.

New Directions in PSHA: Ins, Outs, and Uncertainty
(see page 541)

63. Empirical Hazard Curve Constraints Using Precarious
Rocks of Southern California. Biasi, G. P., Anderson,
J. G., and Brune, J. N.

64. A New Perspective towards the Generation of Response
Spectral Ground Motion Prediction Equation for Seismic
Hazard Analysis. Bora, S. S., Scherbaum, F., Kuehn, N. M.,
Stafford, P. J., and Edwards, B.

65. Event Terms for the Shallow 2011 Normal Faulting
Earthquakes in the Ibaraki Fukushima Prefectural
Border Region, Japan. McBean, K., Anderson, J. G., and
Kawase, H.

66. Memphis Urban Seismic Hazard Mapping Update:
New Geology Plus Shear-Wave Velocity and
Earthquake Observations. Cramer, C. H., and Dhar,
M. S.

67. Magnitude Dependent Site Amplification Seismic Hazard
Calculation Outside the Hazard Integral for St. Louis,
MO. Cramer, C. H.

68. Seismic and Tsunami Hazard Assessment in the
Southwestern Hellenic Arc Based on Multidisciplinary
and Multiscale Geophysical Data The EU
SEAHELLARC Project. Papoulia, J. E., Makris, J.
N., Mascle, J., Slejko, D., Yalciner, A., Papadopoulos,
G., Nicolich, R., Gulkan, P. and the SEAHELLARC
Working Group

69. Results of a Preliminary Earthquake Hazard Study in
North Baja California, México. Munguía, L.

70. A UCERF3-Based Seismic Source Model for the
Lawrence Livermore Laboratory Region, California.
Ostenaa, D., LaForge, R., and Sawyer, T.

71. Seismic Source Characterization (SSC) Approaches for a
Site-Specific PSHA Controlled by Fault Sources: The
Diablo Canyon Power Plant Seismic Hazard Update,
Central Coastal California. Thompson, S., Lettis, W.,
AbramsonWard, H., Biasi, G., Caskey, J., Hanson, K.,
Abrahamson, N., and Gregor, N.

72. Hazard Implementation of Simplified Seismic Source
Characterization Allowing for Linked Faults. Wooddell,
K. E., Abrahamson, N. A., Acevedo-Cabrera, A. L., and
Youngs, R. R.

73. Rupture Synchronicity in Complex Fault Systems. Milner,
K. R. and Jordan, T. H.

74. Estimating and Utilizing the Space Covered by GMPEs
for PSHA. Kuehn, N. M., Scherbaum, F., Gianniotis, N.,
and Abrahamson, N.

75. Between-Event Uncertainty for ‘‘Repeating Earthquakes’’.
Yagoda-Biran, G., Anderson, J. G., Miyake, H., and
Koketsu, K.

76. Straightforward Bayesian Procedure for Estimation of the
Regional Characteristic, Maximum Possible Earthquake
Magnitude mmax. Kijko, A. and Smit, A.

77. Maximum Possible Earthquake Magnitude: Limits of
Inferences from Longterm Data in the Framework of the
Poisson Model. Zöller, G. and Holschneider, M.

78. Preliminary Precariously Balanced Rock (PBR) Age Dates
Based on Various Models of Erosion. Brune, R. J., Brune,
J. N., and Grant Ludwig, L.

79. Testing UCERF3. Jackson, D. D.
80. Challenges of Developing a Simulation-Based Risk

Model: Are All Realization of Event Time Series
Equally Relevant? Fitzenz, D. D. and Williams,
C. R.
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Recent Advances and Findings in Earthquake Geology and
Paleoseismology
(see page 545)

81. A Paleoseismic Transect of Forearc Lakes at the Latitude
of Seattle, Washington. Goldfinger, C., Morey, A. M.,
Galer, S., Beeson, J., and Erhardt, M.

82. 3-D Investigation of Channel Morphology across the San
Andreas Fault Zone Using Structure from Motion and
Terrestrial Laser Scanning. Kleber,E.J., Arrowsmith, J. R.,
Akciz, S. O., Salisbury, J. B., Grant Ludwig, L., Halford,
D., DeLong, S. B., Marliyani, G. I., and Henderson,
W.M.

83. Is There a Discrepancy between Geological and Geodetic
Slip Rates along the San Andreas Fault System? Tong, X.,
Smith-Konter, B., and Sandwell, D. T.

84. Near-Field Post-Seismic Deformation of the 1992 Landers
Earthquake Using Time-Series Analysis of ERS and
Envisat InSAR. Barba, M. and Peltzer, G.

85. Estimation of Coseismic Ground Deformation in
the Mexicali Valley, Baja California, Mexico, during
2006 2009, Using Precise Leveling, DInSAR and
Geotechnical Instruments Data. Sarychikhina, O.,
Glowacka, E., Marquez-Ramirez, V. H., and Nava
Pichardo, F. A.

86. Re-evaluation of the Pyramid Lake Fault Zone Slip
Rate: Integrating High-Resolution Datasets from LiDAR,
Drone Photography, and Aerial Photographs. Angster,
S. J., Haung, W., Wesnousky, S. G., and Kent, G. M.

87. Preliminary Paleoseismic Trenching Results from the Flat
Canyon Site, Southern Provo Segment, Wasatch Fault
Zone: Testing Holocene Fault-Segmentation at the Provo-
Nephi Segment Boundary. Bennett, S. E. K., DuRoss,
C. B., Gold, R. D., Briggs, R. W., Personius, S. F., and
Mahan, S. A.

88. Revised Earthquake Timing and Displacement Data
Indicate Complex Fault-Rupture Behavior for the Central
Wasatch Fault Zone, Utah. DuRoss, C. B., Personius, S. F.,
Crone, A. J., and Olig, S. S.

89. Evidence for Quaternary Reverse Slip of Rattlesnake
Mountain Fault, Yakima Fold Belt, Eastern Washington.
Slack, C., Hanson, K., Coppersmith, R., and Unruh, J.

90. Recently Discovered Northeast-Oriented Transpression
Structure in the Northern New Madrid Seismic Zone.
Woolery, E. W. and Almayahi, A. Z.

91. Rupture Properties of the Mw 7.7 2012 Haida Gwaii
Earthquake from an Empirical Green’s Function Method.
Hobbs, T. E., Cassidy, J. F., and Dosso, S. E.

92. Factors Contributing to Multi-Segment Rupture in the
2010 M7.1 Darfield, New Zealand, Earthquake. Aagaard,
B. T., Williams, C. A., and Fry, B.

93. Paleoseismic Investigations of the Kango fault, South
Africa: Incorporating Temporal and Spatial Clustering
Behavior into a Seismic Source Characterization Model.

Hanson, K., Slack, C., Coppersmith, R., Neveling, J.,
Glaser, L., Bierman, P., Forman, S., Goedhart, M., Johnson,
C., and Black, D.

94. Comprehensive Study on Holocene Paleoearthquakes in
Daqingshan Piedmont Fault, Inner Mongolia of China.
He, Z. T., Ma, B. Q., and Hou, J. J.

95. Faulting Constraints and Incision Rates in the Krsko
Basin and Upper Sava River, Eastern Slovenia. Cline, M.
L., Cline, K. M., Bavec, M., Riznar, I., Poljak, M., and
Lowick, S.

Seismic Location and Processing Techniques
(see page 548)

96. A Linear Formulation for Earthquake Location in
a Homogeneous Half-Space Based on the Bancroft
Algorithm Developed for GPS Location. Gomez, D. D.,
Langston, C. A., and Smalley, R.

97. Low-Frequency-EarthquakeLocationsDeterminedUsing
Time-Reverse-Imaging. Horstmann, T., Harrington,
R. M., Cochran, E. S., and Shelly, D. R.

98. Preconditioning Seismic Data using the Hilbert Huang
Transform Prior to Gradiometric Analysis. Johnson, C. E.
and Poppeliers, C. J.

99. Accurate Depth Determination of Earthquakes along the
Kuril Islands Outer Rise from Waveform Modeling. Mejia,
H., Polet, J., Thio, H. K., and Pitarka, A.

100. Looking for Non Volcanic Tremor in Mexicali Valley, Baja
California, Mexico. Márquez Ramírez, V. H., Glowacka,
E., Vidal-Villegas, J. A., Wong, V., Díaz de Cossío Batani,
G., Ramirez Ramos, E., Arregui Ojeda, S. M., Garcia
Arthur, M. A., and Farfan, F. J.

101. Scaling Rotational Motion and Its Induces Effects. Chiu,
H. C.

102. Depths of Indian Ocean Intraplate Earthquakes From
Waveform Modeling. Baca, A. J. and Polet, J.

103. Examination of the Storfjorden Aftershock Sequence.
Junek, W. N., Kvaerna, T., Pirli, M., Schweitzer, J.,
Harris, D. B., Dodge, D. A., Woods, M. T., and
VanDeMark, T. F.

104. Estimation of Rocking and Torsion Associated with
Rayleigh and Love Waves, Respectively, Identified
on Recorded Motions. Meza-Fajardo, K. C. and
Papageorgiou, A. S.

105. A Pure-Python Phase Picker and Event Associator. Chen,
C. and Holland, A. A.

106. Revised Geometry of Nodal-Plane Uncertainty Volume
Used in the Seismo-Lineament Analysis Method
to Locate Seismogenic Faults. Cronin, V. S. and
Cronin, K. E.

107. Predicting P and S Wave Body Wave Travel Times at
Regional and Teleseismic Distances. Simmons, N. A.,
Myers, S. C., Johannesson, G., and Matzel, E.
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Tracking Fluid Movement in Volcanic Systems
(see page 551)

108. Calibration of the Seismic Network at the Hawaiian
Volcano Observatory: Improvements to Locations and
Magnitudes. Thelen, W. A., Carmichael, J. D., and
Murray, K.

109. Mapping Magma Pathways with Tremor at Kilauea
Volcano. Wech, A. G. and Thelen, W.

110. Seismic Structure of the Tonga Arc and Lau Backarc
Spreading Center from Local and Teleseismic Body Wave
Tomography. Adams, A. N., Wiens, D., Blackman, D.,
Webb, S., Dunn, R., Conder, J., and Zhao, D.

111. Deep Seismicity Linked to Shallow Unrest at Little Sitkin
Volcano, Alaska. Haney, M. M., Buurman, H., Qu, F., and
Lu, Z.

112. Lower-Crustal and Upper-Mantle Seismicity beneath
Aleutian Arc Volcanoes. Ketner, D. M., and Power, J. A.

113. Joint Inversion of Ground Rotation and Translation from
Small Explosions at Fuego Volcano. Waite, G. P., and
Brill, K. A.

114. Conduit Processes Driving Pre-Explosive Harmonic
Tremor in the 2009 Redoubt Volcano Eruption.
Summers, P. T. S., and Dunham, E. M. D.

115. Using Spatial Density Estimates to Assess Volcanic
Hazards in Dominica, Lesser Antilles. George, O.
A., Latchman, J., Malservisi, R., Connor, C., and
Connor, L.

116. The Subtle Beginning of an Earthquake Swarm beneath
Long Valley Caldera, California, Detected by Downhole
Seismometers. Montgomery-Brown, E. K., Shelly, D. R.,
Ellsworth, W., Hill, D. P., and Pitt, A. M.

Late changes will be reflected in the list of abstracts online at www.seismosoc.org/meetings/2014/abstracts/.
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DiverseMechanisms of Subduction Zone Fault Slip:
Exploring the Relationships Among Seismic Rupture,
Transient Slip, and Steady Creep
Oral Session ·Wednesday · 8:30 AM · 30 April · Room 1
Session Chairs: Harmony V. Colella, Emily C. Roland and
Aaron G.Wech

What do Seismic Imaging Constraints Really Tell Us about the Fault Zone in
which Great Earthquakes and Slow Slip Operate?
ABERS, G. A., Lamont-Doherty Earth Observatory of Columbia University,
Palisades, NY, abers@ldeo.columbia.edu; KIM, Y. H., Seoul National
University,Seoul,Korea,younghkim@snu.ac.kr; SHILLINGTON,D.J.,Lamont-
Doherty Earth Observatory of Columbia University, Palisades, NY, djs@
ldeo.columbia.edu; SAFFER, D. M., Pennsylvania State University, University
Park, PA, dms45@psu.edu; LI, J., Lamont-Doherty Earth Observatory of
Columbia University, Palisades, NY, jiyao@ldeo.columbia.edu; JANISZEWSKI,
H. A., Lamont-Doherty EarthObservatory of Columbia University, Palisades, NY,
helenj@ldeo.columbia.edu

Several lines of evidence suggest that subduction zone thrusts lie within weak,
possibly overpressured channels. Seismic reflection data often shows a relatively
thin, high-reflectivity surface with occasional bright spots, indicative of rapidly
varying impedance contrasts over length scales of tens of meters. Scattered coda of
teleseismic P waves, such as in receiver functions, often show a thin low-velocity
layer corresponding to the top of the subducting plate. These have been best
documented in Cascadia, where a 2 4 km thick very low velocity channel is
seen above a moderately slow subducting crust; similar structure has been seen
in Alaska. The channels are characterized by elevated Vp/Vs ratios (>2.0), and
extend both throughout the locked, seismogenic fault zone into the region of
episodic tremor and slip. Commonly, this combination of low velocities and
high Vp/Vs is taken to indicate high pore pressures, and hence a fault zone that
can withstand only very low shear stresses. However, models of these signals
indicate static porosities of 2 5% throughout a 2 4 km thick layer, extending
to depths of 40 km, a situation that seems difficult to sustain. Highly elevated
pore fluid pressure may not be a unique explanation for the seismic observations.
At both the Alaska and Cascadia margins, the low seismic wavespeeds, high
Poisson’s ratios, and high anisotropies result in part from subduction of thick
sediments. The presence of significant thickness of subducted and underplated
sediment is consistent with observations of preserved subduction ‘channels’ in
exhumed rocks. Although some elevation of pore pressure may be still needed to
explain observations, if subduction of 2 4 km sediment is a significant factor in
generating the seismic signatures, then the geophysical observations would reflect
a much stronger thrust zone than one sustained by high pore pressure alone.

A Link Between Silica Enrichment and the Recurrence Time of Slow
Earthquakes in Subduction Zone Forearcs
AUDET, P., University of Ottawa, Ottawa, ON, Canada, pascal.audet@
uottawa.ca; BURGMANN, R., University of California Berkeley, Berkeley, CA

Seismic and geodetic observations in subduction zone forearcs indicate that slow
earthquakes, including episodic tremor and slip, recur at intervals of <6 to
>24 months. In Cascadia, slow slip is segmented along strike and tremor data
show a gradation from large, infrequent slip episodes to small, frequent slip
events with increasing depth of the plate interface. Direct evidence of factors
controlling the variability in recurrence times is elusive. We compile seismic data
from subduction zone forearcs exhibiting recurring slow earthquakes and show
that the average Vp/Vs of the overlying forearc crust ranges between 1.6 to 2.0
and is linearly related with the average recurrence time of slow earthquakes.
In northern Cascadia, forearc Vp/Vs values decrease with increasing depth of
the plate interface and with decreasing tremor-episode recurrence intervals.
Low Vp/Vs values require significant addition of quartz in a dominantly mafic
forearc environment. We propose that variable silica enrichment by 5 15% from

slab-derived fluids and upward mineralization in quartz veins can explain the
range of observed Vp/Vs values as well as the downdip decrease in Vp/Vs.
The solubility of silica depends on temperature, and deposition prevails near
the base of the forearc crust. We further propose that the strong temperature
dependence of healing and permeability reduction in silica-rich fault gouge via
dissolution-precipitation creep can explain the reduction in tremor recurrence
time with progressive silica enrichment. Lower gouge permeability at higher
temperature leads to faster overpressure development and low effective fault-
normal stress, and therefore shorter recurrence times. Our results are also in line
with numerical models of slip stabilization under dilatancy strengthening, and
imply that temperature-dependent silica deposition, permeability reduction and
overpressure development control dilatancy and thus slow earthquake behavior.

Laboratory Experiments of Seismic Cycles: Effects of Normal Stress and its
Gradient
YAMAGUCHI, T., Kyushu University, Fukuoka, Japan, yamaguchi@mech.
kyushu-u.ac.jp; HORI, T., JAMSTEC, Yokohama, Japan, horit@jamstec.go.jp;
SAKAGUCHI, H., JAMSTEC, Yokohama, Japan, sakaguchih@jamstec.go.jp;
AMPUERO, J. P., California Institute of Technology, Pasadena, CA, ampuero@
gps.caltech.edu

We report our studies on laboratory experiments inspired by seismic cycles in
subduction zones. We conducted friction experiments between a Plexiglass block
and a Silicone Gel plate driven at a constant plate velocity [1]. By changing the
normal force and the inclination angle of the upper block, we controlled the normal
stress level and its gradient. As a result, we successfully observed a wide variety of
slip events and size statistics [2]. In small normal force and small inclination angle
conditions, slip events were dominated by slow events which occur uniformly at the
block-plate interface, and the size statistics obeyed the power law with cutoff. In
intermediate force and angle conditions, coexistence of small slow events in ‘deep’
(large normal stress) regions and giant events rupturing ‘shallower’ regions were
clearly seen and the size distributions obeyed power-law with a peak at large sizes.
In larger force and angle conditions, however, the giant slip events disappeared and
only small and intermediate slip events were observed. Interestingly, when we did
experiments at the boundary between the latter two regimes, very complex stick-slip
cycles wandering about the latter 2 dynamics modes were seen.

Based on our visualization of 2D displacement fields at the frictional inter-
face, we determined epicenter, rupture area, and the moment magnitude for each
event, and we also estimated 2D stress distributions during stress accumulation
processes. We found that rupture behavior for a giant event was significantly
influenced by the stress distribution or stress history before the event.
Reference:
[1] T. Yamaguchi, M. Morishita, M. Doi, T. Hori, H. Sakaguchi, J. P. Ampuero,
Gutenberg-Richter law in sliding friction of gels, J. Geophys. Res. Solid Earth, 116,
B12306 (2011).
[2] T. Yamaguchi, T. Hori, H. Sakaguchi, J. P. Ampuero, to be submitted.

Scaling Relations and Along-Strike Segmentation of Episodic Slow Slip
Events in Subduction Zones
LIU, Y., McGill University, Montreal, QC, Canada, yajing.liu@mcgill.ca

A wide spectrum of slow slip phenomena in subduction zones, ranging from low-
frequency earthquakes to long-term slow slip events, demonstrates a linear relation
between the equivalent event moment and duration; each property spanning 7 to 8
orders of magnitude. However, the linear relation is not clearly established for each
type of phenomena, especially for episodic SSEs in individual subduction zones.
Understanding their moment-duration relation is key to the study of SSE source
physics and relation to megathrust earthquakes. In this study I set up a 3D planar
Cascadia-like fault model, using gabbro rate-state friction data and near-lithostatic
pore pressure at depths around the friction stability transition, to produce SSEs
with spatiotemporal distributions similar to those observed inCascadia. SSE source
properties, including along-strike propagation distance, event duration, equivalent
moment and stress drop, are quantified and their scaling relations are compared to
the observation summarized by Gao et al. [BSSA, 2012].Modeled SSEs have nearly
constant stress drops of 0.001 to 0.01 MPa, due to the small effective normal stress
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around 1MPa required in the SSE region. SSEmoment scales approximately to the
square of its duration, rather than following a generalized linear relation. This is due
to the stress perturbation among multiple SSEs originated at different along-strike
locations and their slip fronts approaching each other during propagation. The
modeled scaling relations are independent of the individual SSE selection criteria
using either the slip velocity at a particular depth or the moment rate in the SSE
region. Synthetic surface displacement time series are also computed due to the slip
evolution on the fault. Modeling results indicate that geodetically detected along-
strike segmentation in Cascadia SSEs may result from slower fault slip velocities at
these segmentation boundaries, which may cause displacement anomalies beneath
GPS detection.

Similarity and Difference of Megathrust and Slow Tsunami Earthquakes:
Interpretation from Observations and Simulation
YAGI, Y., University of Tsukuba, Japan, yagi-y@geol.tsukuba.ac.jp;
MITSUI, Y., Shizuoka University, Japan, symitsu@ipc.shizuoka.ac.jp

The large slip region of the 2011M9.0Tohokumegathrust earthquakewas detected
near the trench and seems to overlap with the south part of the 1896Meiji Sanriku
tsunami earthquake. To understand the nature of megathrust earthquakes, it is
important to investigate the slip behavior in the shallow part of the plate interface.
In this study, we applied a new inversion method (Yagi and Fukahata, GJI, 2011)
and a hybrid back-projection (Yagi et al., EPSL, 2012) to tele-seismic data of the
2011Tohokuearthquake, the2006 Java tsunami earthquake and the2010Mentawai
tsunami earthquake. We found a smooth slip near the trench, while pulse-like slip
was detected in and around the hypocenter. In addition, we did not find the smooth
and rapid slip event near the trench in the two slow tsunami earthquakes, as in
the case of the 2011 Tohoku earthquake. The increasing slip-rate function near the
trench for the two slow tsunami earthquakes is much gentle than that obtained in
the case of the 2011 Tohoku earthquake.

Many previous studies pointed out that roughly all of the accumulated elastic
strain in the seismic source region has been released by the 2011Tohoku earthquake
due to the dynamic frictional weakening (e.g. thermal fluid pressurization (TP)).
In general, a lower static strength and initial stress near the trench than in the
deeper part of the plate interface reflects the existence of weak clay minerals.
Furthermore, because clay minerals tend to have low static permeability that
promotes efficient TP, the TP mechanism is assumed to work at shallow depths
near the trench.

To understand the difference and similarity of mega-thrust and slow tsunami
earthquakes, we performdynamic rupture simulations using simplified faultmodels
and themechanismof thermal fluidpressurization.We found that small fluctuations
of initial shear stress near the trench, within 1 MPa, lead to differences in seismic
moment release greater than two orders of magnitude.

Geodetic Estimates of Slow and Transient Slip in the Alaska Subduction Zone
FREYMUELLER, J. T., University of Alaska Fairbanks, Fairbanks, AK, jeff.
freymueller@gi.alaska.edu; FU, Y., Jet Propulsion Laboratory, Pasadena, CA;
LI,S.,UniversityofAlaskaFairbanks,Fairbanks,AK;OHTA,Y.,TohokuUniversity,
Sendai, Japan

The Alaska subduction zone has displayed a range of slow and transient slip
behavior. Over a∼300 km segment of the Alaska subduction zone near Anchorage
and the Kenai Peninsula, we have observed two very large slow slip events
(SSEs) on the plate interface, several likely or probable small slow slip events,
and other transient changes in the width of the locked region on the megathrust
interface. Two long and large slow slip events have occurred over roughly the
same area in the Upper Cook Inlet region, essentially the region downdip of
the 1964 rupture near Anchorage. Although the events cover roughly the same
area, the time history of slip in the two events is different. The earlier event
spanned ∼2 3 years, while the later even spanned roughly four years. The slip in
these two events accounts for ∼20 years of cumulative plate motion, suggesting
that this part of the interface slips entirely in slow events. To the southwest
in Lower Cook Inlet, near Homer, multiple abrupt changes in the width of
the locked region have occurred possibly a series of slow events, but with
a very different temporal character to the Upper Cook Inlet events. For the
most part, outside of Cook Inlet the available data are too sparse to determine
whether slow events occur or not. However, transient post-earthquake slip has
been observed adjacent to an earthquake off Amchitka, and certain segments
of the Alaska subduction zone have not seen any slow or transient events since
the installation of the Plate Boundary Observatory.

Tectonic Tremor Locations throughout the Alaska-Aleutian Subduction Zone
from 1999 to 2013
BROWN, J. R., Miami University of Ohio, Pasadena, CA, jrbrown5@gmail.com

Since its discovery in 2002, deep tremor has been observed in a variety of
tectonic settings worldwide including the Alaska-Aleutian subduction zone. As
is the case in other settings where observed, tremor signals along the Alaska-
Aleutian subduction zone are difficult to study due to its low signal-to-noise
ratio and long duration. One way investigators overcome these challenges is to
characterize tremor by extracting repeating events (e.g. swarms of low-frequency
earthquakes, very-low frequency earthquakes) from continuous seismic records
and subsequently locate the origin of individual signals to understand the source.
Using the running autocorrelation of continuous seismic recordings I am able to
extract several repeating events within tectonic tremor throughout the arc as far
east as Anchorage, AK and as far west as the International Date Line.Tremor
remains an enigmatic phenomenon in that it occurs repeatedly in subduction
zones downdip of where large earthquakes are known to rupture. Locations
of repeating events within tremor along the Alaska-Aleutian subduction zone
reveal a similar behavior especially in areas downdip of the 1964 Mw 9.2 Good
Friday earthquake and the 1957 Mw 8.6 Andreanof Islands earthquake. In each
area along strike where tremor is characterized, slip behavior in comparison to
tremor locations is different. In some places such as the Shumagin Gap the
plate interface is inferred to be freely sliding and the tremor is located around
45 60 km depth. In other areas like Kodiak Island, the plate boundary is locked
and tremor locations occur between 40 50 km depth. Given the variety of
slip behaviors along the arc in conjunction with tremor activity in each area,
I hypothesize that tremor can occur in any subduction zone regardless of the
degree of plate coupling. Depth errors range from +/− 5 km to as much as
+/− 11 km depending the instrumentation in each area.

Examining Large and Small Earthquakes in the Costa Rica Subduction Zone
to Probe Temporal and Spatial Megathrust Heterogeneity
BILEK, S. L., New Mexico Tech, Socorro, NM, sbilek@nmt.edu; ROTMAN,
H., New Mexico Tech, Socorro, NM, hrotman@nmt.edu; PHILLIPS, W. S.,
Los Alamos National Laboratory, Los Alamos, NM, wsp@lanl.gov

Along the Middle America subduction zone, the Cocos Plate subducts beneath
the Caribbean Plate, producing a wide range of slip behaviors that have been
observed with significant seismic and geodetic infrastructure. The range of slip
observed covers typical earthquakes to slow slip events (SSE) and non-volcanic
tremor (NVT). In addition to the range of slip observed, the subduction zone
is host to a range of geologic features and processes that may also impact the
slip behavior, including seamount subduction, tectonic erosion, and along-strike
variations in plate origin and temperature. Understanding the links between the
specific geologic features and characteristics of megathrust slip is critical, and
the Nicoya Peninsula region of Costa Rica is an ideal place to examine these
links given the wealth of observed slip and observation infrastructure. Here we
focus on comparing source characteristics of both large and small earthquakes
recorded on both teleseismic and local networks with geologic features that
are present. In addition, we compare the seismic source characteristics with
locations of previously determined SSE and NVT in the Nicoya Peninsula area.
We determine source parameters, such as rupture duration, seismic moment,
corner frequency, and apparent stress, using teleseismic modeling techniques
for the large and moderate magnitude events, and using source spectra of the
S-wave coda for the smallest events. The event catalog spans 1990 through the
present, and includes comparisons for events before and after the 2012 Mw= 7.6
megathrust event near the Nicoya Peninsula. Preliminary results suggest apparent
stress for aftershocks of the 2012 event fall between 0.1 10 MPa, although no
strong spatial correlation exists between areas of high apparent stress and areas
of high slip in the 2012 mainshock. In addition, we find larger apparent stress
for earthquakes that occur in areas of seamount subduction as compared with
areas of smoother Cocos Plate subduction.

Observations of SSE, Tremor, and Damaging Earthquakes on the Southern
Hikurangi Margin, New Zealand
FRY, B. N., GNS Science, Lower Hutt, New Zealand, b.fry@gns.cri.nz;
WALLACE, L., University of Texas, Austin, TX, lwallace@utexas.edu

The Hikurangi margin was the site of 3 large slow slip events (SSEs) during 2013.
These included a recurrence of the deep (30 50 km depth) long-term Kapiti SSE
thatbegan in January2013and is currently ( January2014)ongoing.Moment release
in this event is equivalent to anMw7.0 earthquake. PreviousKapiti SSEs occurred in
2003and2008.The2013eventactivatednon-volcanic tremor inat least twodiscrete
regions around the SSE. We use a template matching filter to search continuous
data from 2013 for arrival times later used to locate the events. We determine our
range of templates by manually inspecting waveforms from high quality permanent
stations located around the tremor patches. We use multiple template durations
to increase the variability in our recovered tremor events. The relative time of
the maximum value of the correlation coefficient between the template and the
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continuous recordings are employed as ballistic arrival times to determine event
locations with a non-linear location algorithm. With this approach, we have very
little resolution of depth estimates for the tremor. However, if we assume the source
is located on or near the plate interface, the events are occurring between about 20
and 35 km depth. Interestingly, one of the tremor patches lies up-dip of the SSE,
near a region of crustal earthquake activation later in the SSE cycle that included a
damaging M6.6 event.

The Downdip Location of ETS and Dehydration Fluids Channelled to Forearc
Mantle Corner
HYNDMAN, R. D., Pacific Geoscience Centre, Geological Survey of Canada,
Sidney, BC,Canada, rhyndman@nrcan.gc.ca;MCCRORY, P. A., U.S. Geological
Survey, Menlo Park, CA, pmccrory@usgs.gov; WECH, A. G., Alaska Volcano
Observatory, US. Geological Survey, Anchorage, AK, awech@usgs.gov

We first show that for Cascadia the zone of Episodic Tremor and Slip (ETS) is not
a downdip continuation of the seismogenic zone. Based on our recently published
reviews, ETS occurs∼50 km downdip of the seismogenic zone which is concluded
to be thermally limited for this hot subduction zone. We then address the question
of what does control the location of ETS. In another review we have shown that the
location of ETS coincides remarkably well with the forearc mantle corner for the
wholeCascadiamargin.This associationcanbeexplainedbya focusing in this corner
of the fluids that are released from deep subducting oceanic crust with downdip
increasing temperature and pressure. It has been inferred from seismic velocity data
that the overlying forearc mantle in Cascadia is strongly serpentinized from these
fluids, and laboratory data show that such serpentinite has very low permeability.
Once sufficient impermeable serpentinite is formed, deep-dehydration fluids should
flowupdip inthepermeableunderlying subductingcrust to the forearcmantlecorner
where they are released upward into themore permeable forearc crust. As well as the
inference from the coincidence of ETS and the forearc mantle corner, indications
of this concentrated fluid flux come from seismic tomography. Exceptionally low
Vp/Vs is found in the forearc continental crust above the corner that suggests a
concentration of silica; quartz is the only common mineral that has adequately low
Vp/Vs and silica deposition is expected from the large integrated volume of rising
fluids over the∼40m.y. of the current subduction regime.The fluids should be silica
saturated and silica solubility decreases rapidly upwardwith decreasing temperature
and pressure. In several studies elsewhere, concentrated quartz vein arrays in deeply
eroded sections have been explained by episodic silica deposition from the large
integrated fluid flux above subducted plates.

Explosive Source Characterization
Oral Session ·Wednesday · 2:15 PM · 30 April · Room 1
Session Chairs: Catherine Snelson, Christopher Bradley,
Sean Ford and Kyle Jones

Hydrodynamic Modeling of the Near-Source Environment at a Jointed Site
BRADLEY, C. R., Los Alamos National Laboratory, Los Alamos, NM,
cbradley@lanl.gov; STEEDMAN, D. S., Los Alamos National Laboratory,
Los Alamos, NM, dwsteed@lanl.gov; ROUGIER, E., Los Alamos National
Laboratory, Los Alamos, NM, erougier@lanl.gov; KNIGHT, E. E., Los Alamos
National Laboratory, Los Alamos, NM, knighte@lanl.gov

We perform near source hydrodynamic modeling of explosive events in granite
for the Source Physics Experiment (SPE). The effort includes constitutive material
behavior of the rock, the optimal means for representing the granite joint response,
and the best modeling approach for including both the high-deformation source
region and the complex material response in the near field. Each of these factors
contributes to better estimates of explosion to seismic phenomena to help the
verification community.

A newly developed material model, AZ-Frac, has been implemented in two
separate hydrodynamic modeling codes. The continuum model includes: 1) visco-
plasticity, 2) directional fracture, 3) initial and fracture related anisotropy, and 4)
stochastic material heterogeneity. This model has been validated against observed
acceleration data for both free field and surface measurements from SPE.

We also demonstrate the effects of joints. We know that compliant joints
reduce both amplitudes and wavespeeds of shock. The scale effects of joints
(both micro- and macro-scale) are modeled as ‘smeared’ joints. This is compared
to explicit inclusion of macro scale joint sets.

Finally, by analysis of the coupling phenomena, we observe aspects of the
source that require explicit modeling, to contrast some approaches that minimize
modeling complexity through the use of simplification. Our models are performed
using both the fully coupled Euler-Lagrangian modeling available in the Abaqus

code and LANL developed hydrodynamic codes. This approach allows for explicit
modeling of source characteristics in our model and cross validation between
algorithms.

A New Fracture Material Model for Simulating Damage and Moment Tensor
Descriptions of Simulated Explosion Sources for Source Physics Experiments
(SPE)
ROUGIER, E., Los Alamos National Laboratory, Los Alamos, NM, erougier@
lanl.gov; YANG, X., Los Alamos National Laboratory, Los Alamos, NM,
xyang@lanl.gov; KNIGHT, E. E., Los Alamos National Laboratory, Los Alamos,
NM, knighte@lanl.gov; PATTON, H. J., Los Alamos National Laboratory, Los
Alamos, NM, patton@lanl.gov

The damage mechanisms governing the behavior of geo-materials around an
underground explosive source and near the free surface are key aspects to
understanding how seismic waves are generated from such sources. Within the
framework of hydrodynamic simulations of underground explosions, these damage
mechanisms are described through appropriate material models. In an effort to
improve thedescriptionof thesedamage sources, researchers atLosAlamosNational
Laboratory (LANL) have been working on the development and implementation
of a novel continuum-based-viscoplastic strain-rate-dependent fracture material
model, AZ_Frac. Some of the main features of this material model are its ability to
describe continuum fracture processes, and at the same time, to properly handle pre-
existing anisotropic material characteristics. The introduction of fractures within
the material generates further anisotropic behavior that is also accounted for in
the material model. LANL researchers have adjusted the material model to a
granitic medium and have utilized it in a number of modeling efforts under the
SPE project. In our modeling, we use a 2D, axisymmetric layered model of the
SPE site consisting of a weathered layer on top of a half-space. To see whether
the new fracture material model properly simulates the late-time material damage
that can be resolved seismically, we couple the hydrodynamic simulation code with
a seismic simulation code and propagate the signal to distances of up to 2 km.
We then invert the signal for time-dependent moment tensors using a modified
inversion scheme that accounts for multiple sources at different depths. We will
present simulation and inversion results for SPE-1 (980 m/kt**1/3) and SPE-4′
(approximately 1700 m/kt**1/3).

Three Dimensional Simulation of GroundMotions Generated by Underground
Explosions in Jointed Rock under Conditions of Uncertainty
EZZEDINE, S. M., Lawrence Livermore National Lab, Livremore, CA,
ezzedine1@llnl.gov; VOROBIEV, O. Y., Lawrence Livermore National Lab,
Livremore, CA, vorobiev1@llnl.gov; GLENN, L. A., Lawrence Livermore
National Lab, Livremore, CA, glenn5@llnl.gov; ANTOUN, T. H., Lawrence
Livermore National Lab, Livremore, CA, antoun1@llnl.gov

We have performed 3D high resolution simulations of underground explosions
conducted recently in jointed rock outcrop as part of the Source Physics
Experiment (SPE). The main goal is to understand the nature of the shear
motions recorded in the near field under condition of uncertainties in a)
the geological characterization of the joints, b) the spatial variability of the
geomechanical material properties, and c) the spatial correlation of rock properties.
The approach is stochastic. The joints are depicted using a Boolean stochastic
representation conditional to observations and their probability density functions.
Then, using a novel continuum approach, joints and faults are painted into the
continuum host rock. Simulating wave propagation in discontinuous rock mass is
highly non-linear problem and uncertainty propagation via intrusive methods is
practically forbidden. Therefore, using nested Monte Carlo simulations, we have
explored and propagated several uncertainty parameters. We have probabilistically
shown that significant shear motions can be generated by sliding on the joints
caused by spherical wave propagation. Polarity of the shear motion may change
during unloading when the stress state may favor joint sliding on a different
joint set. A sensitivity analysis of the response of the system to ranges of
geomechanical input parameters has been conducted to evaluate the impact
of the key geomechanical parameters on the generated ground motions. To
understand the far field seismic signatures associated with near-field shear waves,
we have abstracted the near field behavior into a probabilistic source-zone model
that can be used in the far field wave propagation study.

This work performed under the auspices of theU.S.Department of Energy by
LawrenceLivermoreNational Laboratory underContractDE-AC52-07NA27344.

Implications for Chemical/Nuclear Equivalence from Observations and
Hydrodynamic Calculations
PATTON, H. J., Los Alamos National Laboratory, Los Alamos, NM, patton@
lanl.gov; ROUGIER, E., Los Alamos National Laboratory, Los Alamos, NM,
erougier@lanl.gov
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A chemical-to-nuclear conversion factor is used to adjust the chemical yield to
an equivalent nuclear yield owing to putative differences in the coupling between
chemical and nuclear explosions. Researchers in the explosion community do not
universally accept or apply such conversion factors. A case in point is the Denny-
Johnson 1991 study of scaling models involving large data sets of chemical and
nuclear explosions in which no conversion factor was applied to the chemical yield.
This fact has been used as justification for not applying a conversion factor when
calculating predictions of seismic moment and corner frequency for Source Physics
Experiments (SPE) tests using theDenny-Johnsonmodel, while a conversion factor
is applied for predictions based on other scaling models. In this paper, we present
observations and predictions of the ratio Ψ∞/W where Ψ∞ is the static level
of the reduced displacement potential and W is yield for chemical and nuclear
explosions. The results support the need for a yield conversion factor using the
Denny-Johnson model. Furthermore, we carry out 1-D hydrodynamic calculations
comparing ‘effective’ cavity and source (elastic) radii for nuclear and chemical
explosions in order to investigate the implications for conversion factors, seismic
moment, and corner frequencies for a granite medium.

Modeling rel as the Nonlinear Inelastic-Elastic Transition near Explosion
Source
MOROZOV, I. B., University of Saskatchewan, Saskatoon, SK, Canada, igor.
morozov@usask.ca; STROUJKOVA, A., Weston Geophysical Corporation,
Lexington, MA, ana@westongeophysical.com

The ‘equivalent-cavity,’ or ‘elastic’ radius (denoted rel) separating the near- and
far-field zones is the critical parameter of all explosion source models. While being
measured from the far-field seismic data, the principal use of rel is in constraining
the properties of the source. Conventional scaling laws for this radius developed
from nuclear explosions do not always work for smaller and shallower chemical
shots. Here, we investigate a physical definition of rel as the radius of the inelastic-
elastic transition, i.e., the proximity to the source at which nonlinear effects become
dominant.Three groupsofmechanismscontribute to suchnonlinearity: 1)dynamic
strengthening of the material and increasing toughness of fractures under fast
loading; 2) rock failure, damage, fragmentation, and fracturing, and 3) interactions
with the free surface and preexisting near-surface structures. The first two of these
groups can be described by the concept of effective medium with generalized,
nonlinear viscoelastic rheology. Previous attempts for modeling such rheologies
focused on constructing a strain-dependent quality factor (Q) for the medium.
However, it is difficult to constrain or assume a meaningful frequency-dependent
Q at near-source conditions. We propose a much broader, equivalent-medium
approach using the concepts of nonlinear damage rheology and solid viscosity.
These concepts are compatible with continuum mechanics, and thermodynamics,
and they lead to straightforward finite-difference (FD) schemes.Thewaveforms and
spectraof the resulting seismogramsandtheeffective frequency-dependentQsof the
medium are explained by the dependences of elasticity and viscosity on strains and
strain rates and by contributions of internal variables, such as temperature and the
degree of damage.Themodel is illustratedbyFDsimulations of a radially-symmetric
chemical source in an isotropic medium.

Relocation, Discrimination, Magnitude Calculation and Yield Estimation of
the 12 February 2013 North Korean Nuclear Test
ZHAO, L. F.,KLEDI, IGG,ChineseAcademyofSciences,Beijing,China,zhaolf@
mail.igcas.ac.cn; XIE, X. B., IGPP, University of California at Santa Cruz,
Santa Cruz, CA, xxie@ucsc.edu; FAN, N., KLEDI, IGG, Chinese Academy of
Sciences, Beijing, China, fanna@mail.iggcas.ac.cn; WANG,W. M., KLCCPUI,
ITPR, Chinese Academy of Sciences, Beijing, China, wangwm@itpcas.ac.cn;
YAO, Z. X., KLEDI, IGG, Chinese Academy of Sciences, Beijing, China,
yaozx@mail.iggcas.ac.cn

On February 12, 2013, North Korea conducted its third and the largest nuclear
test to date in the China-North Korea border area. Due to its large magnitude,
the seismic records from this event have better signal-to-noise ratios than those
from two previous nuclear explosions (hereafter, these explosions are referred
as NKT1, 2 and 3). We use regional waveforms recorded on China National
Digital Seismic Network (CNDSN), Global Seismic Network (GSN), and Japan
F-NET to investigate the NKT3 for its location, event discrimination, and yield
estimation. Using 100 Pn arrival data and the relative location method, we
obtain the location for NKT3 to be [41.2923±0.0004◦N, 129.0727±0.0006◦E],
approximately 3.0 and 0.4 km away from the NKT1 and NKT2, respectively.
The relocation precision is approximately 52 m. For the North Korean nuclear
explosions and a group of nearby earthquakes, we calculate Fourier spectral ratios
Pg/Lg, Pn/Lg, and Pn/Sn from vertical-displacement waveforms on stations with
pure continental paths. After distance corrections and eliminating the data with
signal-to-noise ratios below 1.8, these ratios can fully discriminate the explosion
and earthquake populations at frequencies above 2.0 Hz, indicating an explosion

within this magnitude range detonated in China-North Korea border area can
be determined by a regional network without ambiguity. After calibrating the
network with a Lg-wave dataset (685 broadband waveforms from 98 regional
events between December 1995 and February 2013) and a broadband Lg-wave
attenuation model, we obtain the Lg-wave magnitude mb(Lg)=4.91±0.22 for
NKT3. By further using a fully coupled hard-rock site model, the yield for
NKT3 is estimated to be 7.47 kt based on it is detonated at the scaled depth.
However, if it is strongly over buried, this yield may be underestimated.

Seismic Analysis of the North Korean Nuclear Explosion on February 12, 2013
VAVRYCUK, V., Institute of Geophysics, Prague, Czech Republic, vv@ig.cas.cz;
KIM, S. G., Korea Seismological Institute, Goyang, Republic of Korea

On February 12, 2013, North Korea conducted an underground nuclear test in the
north-eastern mountainous granite rock of the country. The test was located by
USGS at 41.308 N and 129.096 E and its yield was estimated to be 12 kt. The Lg
magnitude mb(Lg) was 4.9 (5.1 USGS), the explosion being stronger than that in
2009 with mb(Lg) of 4.5 (4.5 USGS) or in 2006 with mb(Lg) of 3.9 (4.2 USGS).
Since the radiated seismic waves were recorded at most of stations over the world,
the explosion became one of the best ever recorded nuclear explosions in history,
suitable to be exploited in various structural and source studies. Here we focus on
determining source parameters of the explosion, the seismic moment tensor and
the source-time function in order to study detailed physical and tectonic conditions
at the source and to verify an explosive character of the source. We show that the
explosion displays partly non-isotropic radiation which has been reported also for
the 2009 nuclear explosion, and we discuss its possible physical origin.

Ms Unified: A NewMagnitude for Rayleigh and LoveWaves with Application
in the Korean Peninsula and Yellow Sea Region
NAPOLI, V.,BostonCollege,ChestnutHill,MA,napoliv@bc.edu;BONNER, J.,
Weston Geophysical Corp., Lufkin, TX, jes_bonner@westongeo.com;
RUSSELL, D., Weston Geophysical Corp., Satellite Beach, FL, dhrussell@
westongeophysical.com

In order to improve discrimination of small explosions and earthquakes, we need
to change the focus of magnitude estimation from large scale network sampling to
maximizing the available information from single stations and then combining into
network estimates, designed to be effective with sparse network coverage.

We have developed a new magnitude scale, based on the Ms(VMAX)
technique of Russell (2006), that incorporates both Love and Rayleigh wave
amplitudes for a unified surface wave magnitude. The Love and Rayleigh waves
are narrow band filtered and corrected for propagation and source effects at periods
between8 25seconds, inorder to find filterbandsofmaximumenergypropagation.
The unified magnitudes (termed MsU) are calculated from average amplitudes of
both Rayleigh and Love waves at each station, measured at each period, and then
scaledtostandard20secRayleighmagnitudes.This is essential tominimize theeffect
of earthquake radiation patterns for sparse networks. The data are also corrected
for censoring effects at the station level given that either Rayleigh or Love waves
may not be observed for an event.We have appliedMsU to 39 earthquakes (3.21<
Mw< 5.08) located in the Korean Peninsula and Yellow Sea region as recorded at
near-regionaldistances(50 600km).Forcomparison,wealsoestimatedmagnitudes
basedonlyonRayleigh(MsR)andLove(MsL)waves.TheMsUestimateconsistently
falls between the MsR and MsL estimates, with a significant reduction in outliers.
The standard deviations of residuals for the different magnitudes are 0.15 (MsU),
0.19 (MsR), and 0.23 (MsL), with significantly improved stability of the MsU
residuals as a function of distance. The reduction in variance for MsU will provide
a magnitude that is a better indicator of source size for single-station and sparse
network estimates, which has important implications in discriminating earthquakes
and explosions at small magnitudes.

Identifying and Characterizing Blasts from Recordings at USArray Stations
ASTIZ, L., Scripps Institution of Oceanography/ UCSD, La Jolla, CA,
lastiz@ucsd.edu; VERNON, F. L. flvernon@ucsd.edul; MARTYNOV, M. V.
vladik@epicenter.ucsd.edu; TYTELL, J., jtytell@ucsd.edu; COX, T. A.,
tacox@ucsd.edu;WHITE,M. C.,mcwhite@ucsd.edu; REYES, J., reyes@ucsd.
edu; EAKINS, J., jeakins@ucsd.edu

As the traverse of EarthScopeUSArray stations draws to an end, theArrayNetwork
Facility (ANF) has located nearly 80,000 seismic events in the continental U.S.
since April 2004. The ANF seismic bulletin is complete to MR∼ 2.1 but does not
distinguish between earthquakes and blasts. In contrast to regional seismic catalogs
in theU.S. thatmostly report naturally occurring seismicity with varyingmagnitude
thresholds. Thus it is not surprising that only half of the events reported byANF are
associatedwith those reportedby the regionalnetworks.Consideringonly local time
of occurrence of events in the ANF bulletin, we conclude that mining blasts may
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comprise up to a third of the events reported. So theANFbulletin contains a wealth
of data that can help characterize mining blasts. Ideally, mine blasts can be identify
by getting ground truth information frommining operation, or by associating event
origins with origins in theU.S.G.S.mining catalog but only a small portion of events
can be identified in this manner. By cross correlating waveforms of events occurring
within 10 km of active mines at USArray stations located within 300 km to these
events, we are able to group events with similar characteristics. Then, once events
have been identified as probable blasts, we will analyze if waveform characteristics
in the frequency domain both from blasts of surface or underground mines as
compared to tectonic events by analyzing the frequency content of waveforms at
stations at similar ranges.

Improving Yield Estimation For Near-Surface Explosions Using Seismic And
Overpressure Data
RODGERS, A. J., LLNL, Livemore, CA, rodgers7@llnl.gov; BONNER, J. L.,
WestonGeophysicalCorporation,Lufkin,TX,bonner@westongeophysical.com;
FORD, S. R., LLNL, Livemore, CA, ford17@llnl.gov; TEMPLETON, D. C.,
LLNL, Livermore, CA, templeton4@llnl.gov; RAMIREZ, A. L., LLNL,
Livermore, CA; DODGE, D., LLNL, Livermore, CA, dodge1@llnl.gov

We have developed a methodology to estimate the yield of near-surface explosions
using a joint analysis of seismic ground motion and atmospheric overpressure.
Because of the partitioning of energy into the ground and air for explosions near
the Earth’s surface, best results are obtained from combined analysis of seismic and
overpressure data solving for both yield (W) and emplacement height-of-burst or
depth-of-burial (HOB/DOB). Amplitudes of seismic P-waves and air-blast positive
phase impulse are measured and used in grid search and Markov Chain Monte
Carlo (MCMC, stochastic) inversions. TheMCMCmethod allows us to propagate
measurement and model errors without the need to assume underlying statistical
distributions and has other advantages for this problem. We have applied this
method to data from recent chemical high-explosive experiments and historical
nuclear tests. The method has been successful for estimating W with errors of
less than 50% and often inferring the correct sign of the emplacement (above or
below ground). However, there are notable areas for improvement, particularly
the empirical models for the seismic amplitude dependence on W, HOB/DOB
and range. We show that the emplacement lithology (material strength) has a
strong impact on seismic amplitudes. We report differences between seismic signal
amplitudes for dry alluvium and hard rock, including W and HOB/DOB effects.
We used recently digitized historical waveform data from chemical and nuclear
explosions and will report differences in seismic and air-blast excitation from these
source types.

Geometric Complexities Along Strike-Slip Systems: New
Insights on Seismic Hazards, Earthquake Behavior, and
Fault System Evolution
Oral Session ·Wednesday · 8:30 AM · 30 April · Room 2
Session Chairs: Sean P. Bemis, Jeff Benowitz and
Michele Cooke

Dynamic Models of the 2010 Sierra El Mayor-Cucapah Earthquake
OGLESBY, D. D., University of California, Riverside, Riverside, CA,
david.oglesby@ucr.edu; FUNNING, G. J., University of California, Riverside,
Riverside, CA, gareth.funning@ucr.edu

The M 7.2 2010 Sierra El Mayor-Cucapah Earthquake took place on a complex
system of oblique normal/right-lateral faults separated by apparent stepovers and
gaps as large as 5 km wide and 11 km long. The primary rupture propagation
was from the Southeast to the Northwest, but an eyewitness account describes a
reversed rupture propagation along at least one portion of the surface fault trace.
We use the 3D dynamic finite element method and fault geometry motivated by
both LIDAR and InSAR imagery to investigate the physical causes of the complex
rupture behavior in this event.We find that for rupture to jump the largest stepover
(in theAccommodationZone between the two largest fault segments), some sort of
previously-unmapped slip structure(s) must exist in the intervening space, either at
depth or intersecting the surface. Backwards rupture propagation may be explained
simply by the behavior of rupture after jumping a stepover, at which point it tends
to propagate bilaterally. The ground motion from this geometrically complex fault
system is also quite complex, with a bias toward higher ground motion on the
hanging wall sides of the dipping fault segments. The results help to explain not
just the physics of this event, but to foreshadow the behavior of suites of small fault
segments in potential complex earthquakes in the future.

Stress Drop Heterogeneity within Complex Tectonic Regions: A Case Study
of the San Gorgonio Pass, Southern California
GOEBEL, T. H.W., California Institute of Technology, Pasadena, CA,
tgoebel@gps.caltech.edu; HAUKSSON, E., California Institute of Technology,
Pasadena, CA, hauksson@gps.caltech.edu; SHEARER, P. M., Univerisity of
California, San Diego, San Diego, CA, pshearer@ucsd.edu; AMPUERO, J. P.,
California Institute of Technology, Pasadena, CA, ampuero@gps.caltech.edu

Slip along tectonic faults during earthquakes generally leads to a reduction in
average shear-stress within the source region. The amount of stress decrease may
vary, e.g., as function of fault geometry, depth, crustal thickness and faulting
type. Here, we test a range of crustal parameters to advance our understanding
of underlying mechanisms of spatial stress-drop variations. We analyze source
spectra of small and intermediate magnitude seismic events within the San
Gorgonio pass region. This region marks the location of a restraining bend
within the San Andreas fault system resulting in complex, distributed deformation
along systems of strike-slip and thrust faults. Stress drops are computed by
fitting a Brune-type spectral model to individual event source spectra. These
spectra are determined by iteratively stacking the observed amplitude spectra and
correcting high frequency contributions by using a regional empirical Green’s
function. The results are subjected to a sensitivity analysis of input parameters
to verify their stability. Stress drops show strong spatial variations ranging from
0.1 to 100 MPa with a median of about 5 MPa. Stress drops are higher
for thrust events (about 8 MPa) whereas normal faulting events exhibit lower
values of about 3 MPa. We observe an abrupt increase of stress-drops with
depth at about 10 km. In addition, stress drops of events along the San
Andreas fault correlate with geologic slip rates so that relatively low slip rates
are associated with high stress-drops and vice versa. The spatial variations in
stress-drops are likely sensitive to both crustal conditions and fault properties
and can thus advance the assessment of regional differences in earthquake ground
motions.

Comparison of Fault Behavior across the Big Bend of the San Andreas Fault,
California
SCHARER, K., USGS, Pasadena, CA, kscharer@usgs.gov; WELDON, R.,
UO, Eugene, OR, ray@oregon.edu; STREIG, A., UO, Eugene, OR, streig@
uoregon.edu; YULE, D., CSUN, Northridge, CA, Doug.Yule@csun.edu;
WOLFF, L., CSUN, Northridge, CA, lisa.humbert.346@my.csun.edu

The ‘Big Bend’ of the San Andreas Fault (SAF) is a large restraining bend with
localized areas of differing geometric and seismologic complexity. For example,
compared to the dearth of seismicity along the simple, linear portions of the
fault, the southern Big Bend in the San Gorgonio Pass Region is characterized
by higher rates of recent seismicity and complex fault networks. In contrast, at
the northern end of the Big Bend (where the Garlock Fault impinges) the SAF
remains a single, strike-slip strand with low seismicity rates despite a relatively tight
bend. We review paleoseismic event data from both ends of the Big Bend and
place these results within the context of published regional geophysical studies
and slip rates. At the Frazier Mountain paleoseismic site, the last ∼600 years of
large earthquakes shows remarkable consistencywith theCarrizo section, yet differs
from sites to the south on the Mojave section. Geologic slip rates taper somewhat
along this 200 km span (geodetic rates vary), but geophysical studies indicate the
fault transitions from a moderate SW dip to vertical just SE of the northern Big
Bend, hinting that geometric changes could control earthquake behavior at smaller
timescales but are not important at longer timescales. This pattern does not appear
to hold in the San Gorgonio Pass region, which hosts dramatic changes in the fault
orientation and complexity, high surface uplift rates (>2 mm/yr), and a marked
drop in the horizontal slip rate.Here, the paleoseismic rates also change; the interval
betweenground-rupturing earthquakes at theCabazonpaleoseismic site is>7 times
longer than on the linear strands of the fault outside of the Pass, suggesting that
ruptures are rare and/or quite distributed through the Pass. Thus, greater fault
complexity in the south versus greater continuity in the north appear to correlate
with the scale of differences in short-term earthquake rates and the longer-termSAF
behavior.

Rates and Patterns of Vertical Deformation Along the Northern San Andreas
Fault
DELONG, S. B., U.S. Geological Survey, Menlo Park, CA, sdelong@usgs.gov;
PRENTICE,C. S.,U.S.Geological Survey,MenloPark,CA, cprentice@usgs.gov;
HILLEY, G. E., Stanford University, Stanford, CA, hilley@stanford.edu

Relative horizontal motion along strike-slip faults can build mountains when
motion is oblique to the strike-slip boundary. The resulting contraction and
uplift pose seismic hazards, but are often difficult to detect because of the poor
vertical resolution of satellite geodesy and difficulty of locating offset dateable
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landforms in active mountain ranges. We present new constraints on mountain
growth and erosion along the northern San Andreas Fault (SAF) and compare
these with existing studies. Marine terraces indicate that late-Pleistocene uplift
rates west of the SAF near Point Arena, CA, are between 0.2 and 0.45 mm
a−1. A narrow region of uplift with rates between 0.6 and 1.0 mm a−1 is
expressed east of the fault but uplift decays east and north along the coast and
away from the SAF. U-Pb dating of tuff in the shallow marine Ohlson Ranch
Formation indicates deposition ca 4.5 Ma. This now sits at 400 masl adjacent
to the SAF, but warps down to 150 masl 15 km east of the SAF, and is exposed
at 60 110 m in translated outcrops west of the SAF. Catchment-mean erosion
rates derived from cosmogenic 10Be concentrations in river sediment east of,
and adjacent to, the SAF are 0.14 to 0.35 mm a−1 but are only 0.03 0.07
mm a−1 west of the SAF. Channel steepness index is highest adjacent to the
SAF and in the upper parts of drainage basins where drainage divides are
migrating eastward. These data indicate that the SAF is a boundary between
differing vertical tectonic regimes, and rock uplift may be accommodated by
vertical motion along the SAF or closely associated structures. The patterns of
uplift indicate that mountain building in the region is recent, is not balanced
by erosion is highest just east of the SAF and has accelerated since the early
Pliocene. Together, this suggests off-fault seismic hazard may be particularly high
in a zone of uplift and shortening within a few kilometers of the fault zone.

Did Someone Forget to Pay the Earthquake Bill?
JACKSON, D. D., UCLA, Los Angeles, CA, david.d.jackson@ucla.edu

Paleo-seismicdata forCalifornia implya longtermratecorrespondingtoarecurrence
interval of decades, yet the rate during the instrumental seismic measurement era
is considerably less. The third UniformCalifornia Earthquake Recurrence Forecast
(UCERF3) project bases estimated future earthquake rates largely on dates of
observed paleo-seismic displacements at 31 sites on 13 named faults in California.
Thesummedeventrates forthewholeensembleofsites isabout0.1peryear.Allowing
generously foroccurrencesof earthquakes that rupturemultiple sites simultaneously,
the event rate is on the order of 0.04 per year. Yet themost recent event date is 1910.
Such a long open interval would be extremely unlikely for a Poisson process with
that rate, which might be expected statewide even if individual faults ruptured in
quasi-period events. Quasi-periodic behavior for the whole ensemble would make
the discrepancy worse. Has some un-modeled force put tectonic processes into
hibernation? If so, what is it, and how long can the Bear State sleep? Or is the
relationship between paleo-seismic displacements and earthquakes not as close as
assumed? What do you miss when you focus only on individual faults, rather than
the ensemble?

Basement Structure and Earthquake Hazards along the Queen Charlotte-
Fairweather Fault System, Southeastern Alaska
WALTON,M. A. L., The University of Texas at Austin Institute for Geophysics,
Austin, TX, maureenlwalton@utexas.edu; GULICK, S. P. S., The University
of Texas at Austin Institute for Geophysics, Austin, TX, sean@ig.utexas.edu;
HAEUSSLER, P. J., U.S. Geological Survey, Anchorage, AK, pheuslr@usgs.gov;
ROLAND, E., U.S. Geological Survey, Anchorage, AK, eroland@usgs.gov

In southeastern Alaska, neotectonics are dominated by the Queen Charlotte-
Fairweather dextral transform fault system, which accommodates motion between
the Pacific and North American plates. The slip rate is around 4.5 cm/yr, with a
vector of oblique convergence increasing southward up to 20 mm/yr. The Queen
Charlotte Fault (QCF), bounded by the complex Explorer triple junction to the
south and the Yakutat triple junction to the north, has caused several large (>Mw
7) earthquake events, and many questions still remain about the QCF’s surficial
geometry, regional stresses, tectonics, and fault plane structure. Study of the QCF
to this point has been confined to localized regions; we use a compilation of marine
geophysical data along the fault trace to provide unique insight into the big-picture
changes in fault geometry, structure, and plate dynamics.

Two recent earthquakes a Mw 7.8 oblique-thrust event on 28 October
2012 offshore of Haida Gwaii and a Mw 7.5 strike-slip event near Craig, AK on
05 January 2013 emphasize the importance of understanding fault structure
along this active margin, especially in the context of other historical events. Models
for accommodation of oblique convergence along the southern QCF are debated,
suggesting Pacific Plate underthrusting, distributed intraplate deformation, or some
combination of the two. Using a compilation of USGS and academic seismic
reflection surveys and GLORIA sidescan sonar data, we re-map the QCF trace
and constrain its surficial geometry and splays. We also map basement structure
throughout the region and note downward flexure of the Pacific Plate on the
northern edge ofHaidaGwaii, shallowing southward to theExplorer triple junction.
Normal faults in the sediment atop the Pacific Plate in the flexure region suggest
an element of extension, perhaps caused by flexure and/or transtension from a
right-stepping right-lateral fault system.

Implications of Recent Large Earthquakes on the Queen Charlotte Fault
LAY, T., Univ. California Santa Cruz, Santa Cruz, CA, tlay@ucsc.edu

The Queen Charlotte Fault (QCF) accommodates predominantly right-lateral
strike-slipmotionbetween thePacific andNorthAmericanplates from theExplorer
plate to the Fairweather Fault. The largest recorded earthquake along this boundary
is the August 22, 1949 (Ms< 8.1) right-lateral strike-slip event. Southeastward
from the 1949 rupture the QCF locates offshore of Haida Gwaii with a modest
restraining bend resulting in compression and uplift of the Wrangelia terrane.
The current obliquity of the relative plate motion is less than 20◦ from boundary
parallel, prompting contention over the existence and extent of any underthrusting
and associated seismic hazard. The October 28, 2012 (Mw 7.8) Haida Gwaii
thrust earthquake ruptured offshore of Moresby Island, producing a substantial
local tsunami and confirming the existence of strong slip partitioning into separate
fault systems. Lay et al. (EPSL, 2013) modeled seismic and tsunami observations,
finding an average slip of 3.3 m on a shallow-dipping plane below an offshore
sedimentary terrace seaward of the QCF. Modeling of coseismic GPS deformation
(Nykolaishen et al., AGU, 2013) and minor coastal submergence observed along
Moresby Island (Haeussler et al., AGU, 2013) confirm the offshore slip. Lacking
historical documentation of rupture of the QCF along this part of the margin, the
potential for strike-slip failure of the QCF along Moresby Island remains unclear.
With pre-event GPS observations in Haida Gwaii indicating plate-motion parallel
deformations, there is significant boundary parallel shear stress that needs to be
accounted for that was not released seismically in the 2012 event, nor in its afterslip.
It is difficult to attribute this to shear-stress on the QCF, and more plausibly can be
explained by viscous coupling of the deeper underthrust flange of Pacific plate in
direct contact with North America beneath the islands. This implies low potential
for large strike-slip faulting on this stretch of the QCF.

Rupture Behavior on Two Parallel Strike-Slip Faults: A Case from the Central
Longriba Fault Zone, Eastern Tibet
REN, J. J., Institute of Crustal Dynamics, Beijing, China, renjunjie@gmail.com;
XU, X.W., Institute of Geology, Beijing, China, xiweixu@vip.sina.com; YEATS,
R. S., Oregon State University, Corvallis, OR, yeatsr@geo.oregonstate.edu;
ZHANG, S. M., Institute of Crustal Dynamics, Beijing, China

Fault behavior on two parallel faults is worth studying for seismic hazard assessment
because it is always related to a large earthquake. The 2008 Wenchuan earthquake
that ruptured two faults on the Longmen Shan fault zone provides a case for
co-rupture on two parallel thrust faults. Whether two parallel strike-slip faults
can rupture simultaneously in a large earthquake remains unknown. The central
Longriba fault zone, ∼200 km northwest of and parallel to the Longmen Shan
in eastern Tibet, is composed of two subparallel strands: Longriqu fault in
the west and Maoergai fault in the east 20 30 km apart. Displaced landforms
indicate that these two strands are dominantly right-lateral strike-slip faults in Late
Quaternary. We conducted trenching combined with radiocarbon and Optically
Stimulated Luminescence (OSL) dating to reconstruct paleoseismic history. Our
results demonstrate that four surface-rupturing events occurred on the Longriqu
fault at 5080 ± 90, 11,100 ± 380, 13,000 ± 260, and 17,830 ± 530 cal yr B.P.
and three events on the Maoergai fault at 8510 ± 420, 7100 ± 70, and 5170 ±
80 cal yr B.P. If only a single fault is considered, each fault strand fits a cluster
model with amomentmagnitude (Mw) of∼7.2 7.4. If we consider these two fault
strands as a whole, the last event has a good temporal correlation that implies a
co-rupturing event equivalent to Mw∼7.6. Prior to the last event, the two strands
have an alternative activity, and the central Longriba fault zone appears to undergo a
regular recurrence with an interval of∼2000 years. These results suggest that these
two fault strands probably ruptured simultaneously in the last larger event andmay
merge at the seismogenic depth, in accordancewith available deep seismic data. This
study suggests that two parallel faults linked at the seismogenic depth may rupture
together and generate a superquake.

Modeling Observed Aftershock Sequences with an Earthquake Simulator
KROLL, K. A., UC Riverside, Riverside, CA, kkrol001@ucr.edu; RICHARDS-
DINGER, K. B., UC Riverside, Riverside, CA, keithrd@ucr.edu; DIETERICH,
J. H., UC Riverside, Riverside, CA, dieterichj@ucr.edu

Due to the complex nature of faulting in southernCalifornia, knowledge of rupture
behavior near fault step-overs is of critical importance to properly quantify and
mitigate seismic hazards. Early dynamic models and earthquake simulators only
incorporated vertical faults with highly simplified geometries.Many current studies
examine the effects of varied fault geometry, fault step-overs, and fault bends
on rupture patterns; however, these works are limited by the small numbers of
integrated fault segments and simplified orientations. The previous work of Kroll
et al., 2013 on the northern extent of the 2010 El Mayor-Cucapah rupture in the
Yuha Desert region uses precise aftershock relocations to show an area of complex
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conjugate faulting within the step-over region between the Elsinore and Laguna
Salada faults. Here, we employ an innovative approach of incorporating this fine-
scale fault structure defined through seismological, geologic and geodetic means in
the physics-based earthquake simulator, RSQSim, to explore the effects of fine-scale
structures on stress transfer, rupture propagation, and aftershocks. The simulations
incorporate the fine-scale complex secondary faults in the Yuha Desert area into
a large-scale model of the major faults in state of California and northern Baja
California.Comparisonsbetween theobserved andpredicted aftershockpatterns in
theYuhaDesert step-overallowfor investigationofprocesses controllingaftershocks
in regions with complex faulting. Recent simulation results compare favorably with
the observed seismicity. Simulations most notably produce secondary aftershock
sequences that increase the rate of aftershock decay, which are similar to the
observations. We further investigate how the spatial and temporal distribution
of aftershocks are affected by changes tomodel parameters such as shear and normal
stress, rate-and-state frictional properties, fault geometry, and slip rate.

Strike-Slip Fault Segment Propagation and Linkage Via Work Minimization
COOKE,M. L., University of Massachusetts, Amherst, MA, cooke@geo.
umass.edu; MADDEN, E. H., University of Massachusetts, Amherst, MA,
ehmadden@geo.umass.edu;MCBECK, J.,University ofMassachusetts,Amherst,
MA, jmcbeck@gmail.com

Over multiple earthquake cycles, strike-slip faults link to form through-going
structures, as demonstrated by the continuous nature of the mature San Andreas
fault system in California relative to the younger and more segmented San Jacinto
fault system nearby. Despite its immaturity, the San Jacinto system accommodates
betweenonethirdandonehalfof the slip ratealongtheboundarybetweentheNorth
American and Pacific plates. Better understanding of how the San Jacinto system
has evolved over geologic time and of current interactions between faults within the
systemis critical to assessing this seismichazardaccurately.Numericalmodelsof fault
system development are challenged by the multiple physical mechanisms involved.
For example, laboratory experiments on brittle materials show that faults propagate
and eventually join (hard-linkage) by both opening-mode and shear failure. In
addition, faults interact prior to linkage through stress transfer (soft-linkage). The
algorithm GROW (GRowth by Optimization ofWork) accounts for this complex
array of behaviors by taking a global approach to fault propagation. InGROW, faults
evolve to minimize the work (or energy) expended during deformation, thereby
maximizing the mechanical efficiency of the entire system. GROW models with
idealized pairs of faults reveal that the initial fault spacing and the applied stress
orientation control fault linkage propensity and linkage patterns.These models
allow the gains in efficiency provided by both hard-linkage and soft-linkage to be
quantified and compared.Alongside the increasingmechanical efficiency associated
with fault propagation and linkage is an increasing likelihood for single, larger
earthquakes that rupture multiple fault segments. These models reinforce the
sensitivity of fault segment linkage to both fault structure and the regional tectonic
stress orientation controlled by plate motions.

Deciphering the Earthquake and TsunamiHistory of
Subduction Zones
Oral Session ·Wednesday · 1:15 PM · 30 April · Room 2
Session Chairs: Marco Cisternas, Lisa Ely, Ed Garrett,
Daniel Melnick, Alan Nelson and RobertWesson

The 1730 and 1751 Chilean Earthquakes: Two Major Contributors to the
Seismically Prolific 18th Century along the Pacific Coast of the Americas
CISTERNAS, M., PontificiaUniversidadCatolica deValparaiso, Valparaiso,Chile,
marco.cisternas@ucv.cl; ELY, L., Central Washington University, Ellensburg, WA,
ely@geology.cwu.edu; WESSON, R., USGS, Boulder, CO; PILARCKZIC,
J., Rutgers University, New Brunswick, NJ, jpilar@marine.rutgers.edu;
GORIGOITIA, N., Pontificia Universidad Catolica de Valparaiso, Valparaiso,
Chile, nga2043@gmail.com; DURA, T., University of Pennsylvania,
Philadelphia, PA, dura@sas.upenn.edu; MELNICK, D., University of
Potsdam, Potsdam-Golm, Germany, Daniel.Melnick@geo.uni-potsdam.de;
CARVAJAL, M., Pontificia Universidad Catolica de Valparaiso, Valparaiso, Chile,
matias.carvajal.ramirez@gmail.com

Large underthrusting earthquakes along the Pacific coast of the Americas seem to
have clusteredduring the first half of the 18th century. Fault ruptures that reportedly
generated large tsunamis occurred in the northwestern United States in 1700, in
south-central Mexico in 1732 and 1754, in central Peru in 1746 and in central and
south-central Chile in 1730 and 1751. The latter two events damaged towns along
800kmand initiateddestructive tsunamis that crossed thePacific to Japan.Although

these twoChilean earthquakeswereonly 21years apart, therewas significant overlap
in the areas that sustained damages from each event.

We studied the 1730 and 1751 earthquakes and tsunamis through their
geological and historical records. We searched for primary historical sources in
the archives of Spain, Peru, Argentina and Chile. We also scrutinized first-hand
Japanese reports of the effects of both tsunamis on the eastern coast of Honshu. At
two Chilean coastal sites, Campiche (32.7◦ S) and Tirúa (38.3◦ S), we described
and dated sand sheets that were probably deposited by these tsunamis. Finally, we
compared the effects of these historical events with those of two other modern and
better-known ones: the Mw 9.5 1960 and the Mw 8.8 2010 earthquakes.

Our results indicate that the effects of both the 1730 and 1751 events were
greater than those of 2010 and less than those of 1960. If theywere in fact larger than
Mw 8.8, it would imply that the release of accumulated slip and seismic moment
during the first half of the 1700s was exceptionally large along the Chilean coast,
adding to the potential significance of this seismic period along the entire coast of
the Americas.

A Comparison of Tsunami Deposits from the 1960 Great Chilean Earthquake in
Two Coastal Lakes on Chiloé, Chile
KEMPF, P., Renard Centre of Marine Geology, Ghent University, Ghent,
Belgium, philipp.kempf@ugent.be; MOERNAUT, J., Geological Institute, ETH
Zurich, Zurich, Switzerland, jasper.moernaut@erdw.ethz.ch; VANDOORNE,W.,
Renard Centre of Marine Geology, Ghent University, Ghent, Belgium, willem.
vandoorne@ugent.be; VAN DAELE, M., Renard Centre of Marine Geology,
Ghent University, Ghent, Belgium, maarten.vandaele@ugent.be; PINO, M.,
Instituto de Geociencias, Universidad Austral de Chile, Valdivia, Valdivia, Chile,
mpino@uach.cl; URRUTIA, R., Centro EULA, Universidad de Concepción,
Concepción, Chile, rurrutia@udec.cl; DE BATIST, M., Renard Centre of Marine
Geology, Ghent University, Ghent, Belgium,marc.debatist@ugent.be

On the 22nd of May, 1960, the Valdivia segment of the Peru-Chile megathrust
ruptured in the strongest earthquake (EQ) ever instrumentally recorded (MW9.5).
This EQ produced a tsunami which struck approx. 1000 km of the near-field coast
of South-CentralChile. The Island ofChiloé is located in themiddle of theValdivia
segment and its west coast was inundated by 3 to 4 strong waves with a maximum
wave height of approximately 15 m (Sievers et al., 1963). For two coastal lakes on
Chiloé, namely Lago Cucao and Lago Huelde, the land barrier between the ocean
and the lakes with 1.2 km width and 5 6 m elevation did not prevent the tsunami
from inundating them. The lakes are only 2 km apart, lie behind the same beach
and their outlets meet before flowing into the ocean. This setting gives a unique
opportunity to compare the influence of onshore topography and lake bathymetry
on inundation characteristics and on how the event is archived in the geological
record. Side scan sonar data and pinger sub-bottom profiles were obtained and
36 gravity cores were analysed for geophysical properties, grain size and by x-ray
computer tomography. In both lakes the cores contain 1960 tsunami deposits in
form of sandy to silty beds, often with mud rip-up clasts. These deposits stand out
in contrast to the otherwise organic rich clayey silt background sediment. Spatial
trends in physical properties, sedimentary features, grain size percentiles and deposit
thickness are compared for the two lakes and possible causes are discussed. The two
lakes record the tsunami event from 1960, but do so differently from each other,
because of their different topographic and bathymetric setting. Both lakes are suited
to reconstruct the tsunami recurrence for the west coast of Chiloé.

Linking Subduction-Earthquake Supercycles with Mountain Building in the
Region of the Giant 1960 Chile Earthquake
MELNICK, D., U. of Potsdam, Potsdam, Germany, melnick@geo.uni-
potsdam.de; CISTERNAS, M., U. Catolica de Valparaiso, Valparaiso, Chile,
marco.cisternas@ucv.cl; WESSON, R. L., USGS, Golden, CO, rwesson@
usgs.gov; MORENO, M., GFZ-Potsdam, Potsdam, Germany, marcos@gfz-
potsdam.de; NELSON, A., USGS, Golden, CO, anelson@usgs.gov; JARA-
MUNOZ, J., U. of Potsdam, Potsdam, Germany, julius.jara@geo.uni-potsdam.
de; DURA, T., U. of Pennsylvania, Philadelphia, PA, dura@sas.upenn.edu;
ENGELHART,S.,U.ofRhodeIsland,Kingstone,RI,SimonEngelhartengelhart@
mail.uri.edu

Ranges in magnitude and recurrence of subduction-zones earthquakes allows them
to be grouped into earthquake cycles within supercycles. Placing prehistoric as well
as historical ruptures within such cycles of differing scale is necessary to evaluate the
seismic hazard of plate boundaries. Linking these cycles with patterns of permanent
forearc uplift will leas to improved models of plate-boundary segmentation. We
use coastal stratigraphy and soils on raised intertidal deposits at Isla Guafo 60 km
landwardof the southChile trench to infer land-level changes associatedwithgreat
subduction earthquakes, and numerical models to infer the relations of the changes
with plate-boundary slip. Guafo was uplifted ∼4 m during the 1960 earthquake
(M9.5) and has been subsiding rapidly since (20 mm/yr from 3 yr continuous
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GPS). Five soils, each developed on coseismically uplifted intertidal deposits, were
buried during the past 1.7 ka. The sequence of soils and deposits suggests land-level
changes similar to those observed during and after 1960. Such repeated changes can
bemodeled as elastic strain accumulation and release in plate-boundary zonesA and
B (Lay’s zonation).Distinct changes in coastalmorphology and stratigraphy suggest
Gaufo was permanently uplifted during an earthquake in AD 681 887 (2sd). This
age range overlaps the time when a sequence of subsided buried soils at Maullín
(140 km from the trench) shows an abrupt change in lithology suggesting uplift.
If the change records permanent uplift at Maullin during the same earthquake, slip
in zones A, B and C is required. Emerged Holocene beach ridges and even higher
Pleistocene marine terraces may be evidence of the permanent uplift resulting from
earthquakes of this type. Such giant events rupture down to the continental mantle
and may have millennial recurrence times instead of centuries as for 1960-type
events.

Two Centuries of Emergence in Northern Chiloé Before Sudden Submergence
Associated with the Giant 1960 Chile Earthquake
WESSON, R. L., U. S. Geological Survey, Denver, CO, rwesson@wispertel.net;
CISTERNAS, M., Pontificia Universidad Catolica de Valparaiso, Valparaiso,
Chile, marco.cisternas@ucv.cl; MELNICK, D., Universitat Potsdam, Germany,
melnick@uni-potsdam.de; MORENO, M., Helmholtz Zentrum Potsdam,
Potsdam, Germany; ELY, L., Central Washington University, Ellensburg, WA

Analysis of soundings recorded on old nautical charts indicates that the north
end of Chiloé Island, located midway along the rupture of the giant 1960 Chile
earthquake,emergedbytwometersormoreduringthetwocenturiespreceding1960.
This region, about 125 km landward of the Chile Trench, subsided coseismically
about 1.8 m in 1960. Charts were analyzed from 1770, 1790, 1896, and 1922 and
the average differences in water depth (and thus relative sea level) were calculated
relative to a modern hydrographic survey made in 1986. Issues associated with
georeferencing the historical charts are relatively minor, except for a portion of the
chart from 1770. Implied elevations and standard errors of the mean differences
relative to 1986 are−1.1±0.4 m,−0.7±0.2 m,+1.3±0.1 m, and+1.7±0.1 for
1770, 1790, 1896 and 1922, respectively. The influence of varying chart datum,
however, remains to be fully characterized and at a minimum will increase the
uncertainty. Rapid emergence in this region was inferred by Charles Darwin from
his finding in 1834 of shells of the intra-tidal boringmollusk Pholas in place in their
holes with grass growing in them above the limit of high tides. The implied
average uplift rate between 1770 and 1922 is about 18 mm/yr, on the high end of
uplift rates predictedby elasticmodels, but generally consistentwith the interseismic
deformation expected above the locked megathrust between the overriding South
American Plate and the subductingNazca Plate converging at the rate of 66mm/yr.

Understanding Mega-Earthquake Related Tsunami on Subduction Zones
without Large Historical Events
WILLIAMS, C. R., Risk Management Solutions, Inc, Newark, CA, Chesley.
Williams@rms.com; MOHAMMED, F., Risk Management Solutions, Inc,
Newark,CA, Fahad.Mohammed@rms.com; LEE,R.,RiskManagement Solutions,
Inc, Newark, CA, Renee.Lee@rms.com

Following on the megathrust earthquake related tsunami in Chile in 2010 and
in Japan in 2011, the insurance industry has become very aware of tsunami as a
catastrophic peril. Though little exposure is currently covered for tsunami risk,
insurers and their clients are interested in understanding the risk and having a tool
to price this peril. To begin the process of understanding tsunami as a risk peril,
Risk Management Solutions Inc. (RMS) is developing a global suite of tsunami
inundation footprints. Many of these events represent well studied historical events
including the events in 2010 and 2011. The dataset will also include a series of M9
events on subduction zones that have not historically ruptured inM9 events. These
scenarios are to account for the potential risk posed by subduction zones that may
be underestimated. This concern was raised following the 2011 Tohoku Japan M9
that far exceeded the expected maximum magnitude on the Japan Trench of M8.4
that was constrained based on the historical record.

Subduction zones without M9 historical events being modeled include the
Makran Trench, the Lesser Antilles Arc and the Hikurangi Trench. The source
characterization follows the unit sources used to develop the NOAA propagation
database. The number of unit sources and the slip per unit source are defined
based on the event magnitude (i.e., M9) and consideration of the subduction
zone segmentation. For these events with no historical information, there is little
seismological data to constrain the distribution of slip across the unit sources. We
are running a series of tests using the COrnellMulti-grid COupled TsunamiModel
(COMCOT) to develop intuition about the interaction of the slip distributions
with the extent and characteristics of the modeled inundation footprints. The goal
is to develop a series of footprints that will guide insurers to understanding their
exposures most at risk to tsunami inundation in different parts of the world.

Great Earthquakes and Tsunamis during the last 1000 years in the Kodiak
Segment of the Alaska-Aleutian Megathrust
SHENNAN, I., DurhamUniveristy, Durham, UK, ian.shennan@durham.ac.uk;
BARLOW, N. L. M., Durham Univeristy, Durham, UK, n.l.m.barlow@
durham.ac.uk; CARVER, G., Carver Geologic Inc, Kodiak, AK, cgeol@
acsalaska.net; DAVIES, F. P., Durham University, Durham, UK, f.p.davies@
durham.ac.uk; GARRETT, E., Durham University, Durham, UK, edmund.
garrett@durham.ac.uk;HOCKING,E.P.,University ofNorthumbria,Newcastle
upon Tyne, UK, emma.hocking@northumbria.ac.uk

The eastern segments of the Alaska-Aleutian megathrust are source areas of
significant seismic hazards, generating great earthquakes and tsunamis that may
propagate acrossmuchof thePacificOcean. Source areas include thePrinceWilliam
Sound andKodiak segments,which ruptured together during theM9.2 greatAlaska
earthquake of 1964, and the Semidi segment, that ruptured in 1938, with a M8.3
earthquake. Paleoseismic evidence from coastal sediments provides a good record of
the recurrence of these large events, with widespread evidence of great earthquakes
through the last 6000 years in the Prince William Sound segment. Less is known
about the recurrence of great earthquakes in the Kodiak and Semidi segments. Here
we present new paleoseismic data that, combinedwith archaeological and historical
records, reveal two previous ruptures of the Kodiak segment; in AD 1788 and
492-350 cal BP. We identify the AD 1788 event in sediments of three estuaries.
Diatom-based transfer functions frommultiple cores across the sites estimate similar
amounts of coseismic submergence at each estuary, ∼0.35±0.26 m (2σ). Two of
the estuaries have tsunami sediments associated with this event.

Wesuggest that theKodiak segment rupturedonat least4occasions in thepast
900 years, each time causing measurable land surface deformation and generating
tsunamis capable of travelling across the Pacific. In AD 1964 the Kodiak segment
ruptured with the adjacent PrinceWilliam Sound segment. In 1788 it was probably
a single segment rupture, althoughothers have suggested co-rupturewith the Semidi
segment. The 492-350 cal BP earthquake and tsunami is only recorded, so far, in the
Kodiak segment. Although the evidence inKodiak is sparse for older events, current
thought is that∼880 cal BP the Kodiak, Prince William Sound and probably the
Yakataga segments ruptured together.

Same Asperity, Different Rupture Pattern: Variations in Holocene Splay Fault
Motion from Seward to Middleton Island, Alaska
LIBERTY, L. M., Boise State University, Boise, ID, lliberty@boisestate.edu;
HAEUSSLER, P. J., U.S. Geological Survey, Anchorage, AK; FINN, S. P., Boise
State University, Boise, ID

Using tsunami run up, seismic reflection and bathymetric data, we identify
tsunamigenic sea floor ruptures beneath the Gulf of Alaska from the 1964 M9.2
earthquake. Coseismic sea floor ruptures are rooted in faults that appear across
the 500-km wide Gulf of Alaska continental shelf. Seismic and geochronology
data suggest that this asperity, located at the trailing edge of the subducted Yakutat
terrane, has remained inplace for thousands of earthquake cycles.However,we show
evidence that these faults produce a range of uplifts during consecutive earthquakes.

Based on estimated tsunami travel times from 1964, we identify thrust faults
that produced 5 10 m wave heights in the coastal town of Seward and along
the Kenai Peninsula. We identify the Hanning Bay, Patton Bay, Cape Cleare, and
Middleton faults as local tsunami sources. These faults moved vertically upwards of
12 m during the 1964 earthquake, but paleoseismic data provide no evidence that
other late Holocene earthquakes produced such uplifts on the adjacent Montague
Island. Additionally, new seismic evidence suggests offsets across a prominent late
Holocene(?) unconformity show significant variations in fault slip for the past few
earthquakes. The Cape Cleare and Patton Bay faults, with (post-glacial) sea floor
scarps as large as 69 m and 25 m respectively, likely accommodates the greatest
vertical uplift within the asperity region. Another highly active thrust fault, termed
theMiddleton fault, hosts awest-east100kmlong>20mhigh sea floor scarp.Uplift
along this fault is likely responsible for 3.5 m raised shoreline on Middleton Island
from the 1964 earthquake and the total sea floor scarp height likely includes uplift
from at least the prior 3 earthquakes that individually produced 6 9 m marine
terraces on Middleton Island. Although rapid exhumation results from repeated
coseismic slip on multiple faults, slip distribution between earthquakes is highly
variable.

FieldStudiesof the2012Mw7.7HaidaGwaii TsunamigenicThrustEarthquake:
Implications for Paleoseismic and Paleotsunami Studies of Subduction Zones
LEONARD, L. J.,UniversityofVictoria,Victoria,BC,Canada, lleonard@uvic.ca;
BEDNARSKI, J. M., Natural Resources Canada, Geological Survey of Canada,
Sidney, BC, Canada, jbednars@nrcan.gc.ca; ROGERS, G. C., Natural Resources
Canada,Geological Survey ofCanada, Sidney, BC,Canada,grogers@nrcan.gc.ca;
NYKOLAISHEN, L., Natural Resources Canada, Geological Survey of Canada,
Sidney, BC, Canada, lnykolai@nrcan.gc.ca; WANG, K., Natural Resources
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Canada, Geological Survey of Canada, Sidney, BC, Canada, kwang@nrcan.gc.ca;
HAEUSSLER, P. J., U.S. Geological Survey, Anchorage, AK, pheuslr@usgs.gov;
WITTER, R. C., U.S. Geological Survey, Anchorage, AK, rwitter@usgs.gov

On 28 October 2012, Canada’s second-largest recorded earthquake occurred on
a thrust fault offshore western Haida Gwaii, British Columbia. The Mw 7.7
earthquake caused little damage, largely due to the limited infrastructure of the
islands and their low population, concentrated almost entirely on the eastern side.
Despite a lack of witnesses to large waves, field studies in the weeks and months
following the event have provided evidence of significant tsunami runup on the
west coast of Haida Gwaii, exceeding 3 m (above state of tide) along ∼200 km
of the coastline, exceeding 6 m (maximum 13 m) at the heads of several bays
and inlets. Tsunamis of this size elsewhere have proved devastating to populated
and low-lying coastlines. The impact of the Haida Gwaii tsunami was determined
mainly by the presence, landward of the forest edge, of debris with an oceanward
origin, some of it caught in tree branches or draped over logs. Most debris was
manmade (plastic, polystyrene, etc), with much seaweed also present within a
few months of the tsunami. Muddy deposits were present in some locations,
but sedimentation was clearly not proportional to runup, and the apparent lack
of sand can likely be attributed to the absence of an offshore source. Limited
GPS data and fieldmeasurements of elevation-dependent sessile organisms indicate
coseismic subsidence of up to ∼0.5 m at west coast sites between 52.25 and 53.0
N. The paleoseismic history of the predominantly strike-slipHaidaGwaii margin is
unknown, and no large tsunamigenic thrust earthquakes had occurred in previous
historical time. However, the potential magnitude, recurrence and tsunami hazard
of such earthquakes can be approximated from various geophysical constraints. Our
findings suggest that the 2012 event will leave very little in terms of a stratigraphic
record, underscoring both the ephemeral record of sub-magnitude 8 events at other
subduction zones and the importance of multidisciplinary hazard analyses.

The 1861 2005 Simeulue Nias Slip Patch of the Sunda Subduction Zone:
Characteristic Slip on an Otherwise Non-characteristic Megathrust
MELTZNER, A. J., Earth Observatory of Singapore, Nanyang Technological
University, Singapore, Singapore, meltzner@ntu.edu.sg; SIEH, K., Earth
ObservatoryofSingapore,NanyangTechnologicalUniversity,Singapore,Singapore,
sieh@ntu.edu.sg; CHIANG, H. W., Earth Observatory of Singapore, Nanyang
Technological University, Singapore, Singapore, hwchiang@ntu.edu.sg; SHEN,
C. C., Department of Geosciences, National Taiwan University, Taipei,
Taiwan ROC, river@ntu.edu.tw; WU, C. C., Department of Geosciences,
National Taiwan University, Taipei, Taiwan ROC, r94224112@ntu.edu.tw;
SUWARGADI, B. W., Puslit Geoteknologi LIPI (Indonesian Institute of
Sciences), Bandung, West Java, Indonesia, bambang.suwargadi@gmail.com;
NATAWIDJAJA, D. H., Puslit Geoteknologi LIPI (Indonesian Institute
of Sciences), Bandung, West Java, Indonesia, danny.hilman@gmail.com;
PHILIBOSIAN, B., Tectonics Observatory, California Institute of Technology,
Pasadena,CA,belle@gps.caltech.edu;BRIGGS,R.W.,GeologicHazardsScience
Center, U.S. Geological Survey, Denver, CO, rbriggs@usgs.gov

Using precise 230Th-dated coral microatolls to infer uplift of Sumatra’s outer
arc islands, and hence slip on the underlying plate interface, we have developed
paleoseismic histories at numerous sites along a 900-km stretch of the Sunda
megathrust off the west coast of Sumatra. In earlier work, by comparing the records
along strike, we identified two persistent barriers to earthquake rupture. Simeulue, a
100-km-long island off the west coast of northern Sumatra, straddles the boundary
between the 2004 (MW 9.1) and 2005 (MW 8.6) Sunda megathrust ruptures and
acted as a barrier to both. Historical and coral paleoseismic records suggest that
central Simeulue has behaved as a persistent barrier for at least the past 1100 years.
Farther south near the Equator, the Batu Islands patch of the megathrust has been a
barrier to rupture in great earthquakes from both the south (1797, 1833) and north
(1861, 2005).

Our most recent paleoseismic results, from the 2005 rupture patch off the
west coast of northern Sumatra, indicate that the 1861 rupture appears to be nearly
identical in extent to the 2005 rupture, involving uplift of Nias, Bangkaru, and
the eastern half of Simeulue. At three sites where the 1861 uplift has been well
determined, it was comparable to uplift locally in 2005. Our limited knowledge
of an earthquake around AD 1422 is consistent with characteristic slip in that
earthquake as well. The 2005 Simeulue Nias rupture patch appears unique along
the Sunda megathrust in its tendency toward characteristic behavior. As we have
seen elsewhere along the Sundamegathrust, we document evidence for time-varying
rates of interseismic subsidence over portions of the 2005 rupture patch.

Stratigraphic Evidence of the 2004 Sumatra-Andaman Subduction Zone
Seismoturbidite
PATTON, J. R., Oregon State University, Corvallis, OR, jpatton@coas.
oregonstate.edu; GOLDFINGER, C., Oregon State University, Corvallis,

OR, gold@coas.oregonstate.edu; DJADJADIHARDJA, Y., Bandan Penghajian
Dan Penerapan Teknologi (BPPT), Jakarta, Indonesia, iyung24@yahoo.com;
UDREKH, U., Bandan Penghajian Dan Penerapan Teknologi (BPPT), Jakarta,
Indonesia, udrekh@gmail.com

The paleoseismic history of earthquakes along subduction zones is an important
tool to evaluate the cyclic hazards that millions of coastal residents are exposed
to globally. From the R/V Roger Revelle, we sampled the sea floor with 109
gravity, Kasten, piston and trigger pair, and multi-cores offshore of Sumatra. We
use litho- and chrono-stratigraphic methods to correlate turbidites between cores
in sedimentologically isolated accretionary prism slope basins and trench settings.
In 12 cores we interpret the uppermost turbidite to have been deposited as a result
of seismic shaking related to the 2004 earthquake. Measures of relative age (lack of
hemipelagic sediment of oxidation in the core tops) and radiometric ages (210Pb and
14C) support our interpretation of the uppermost turbidite. P_Sequence (OxCal
software) agemodelling results in an age of−60±10 cal yrsBP.The2004deposit is
imaged in reflection data including the resolution of repeated coarse Bouma Tb-Tc
subunits within the 2004 bed. There is evidence that there may be cycles of large
turbidites similar in size to the 2004 seismoturbidite below our cores. Triggering
distances at core sites outside the 2004 rupture zone are quite short (<50 km),
which we attribute to high attenuation, rupture directivity, and low or no slip at
the southern segment boundary. Using our correlations for the stratigraphic history
spanning the last 6.5 ka, we estimate recurrence of earthquakes in the region of
the 2004 earthquake to be 260± 160 years. Down-core variations of interseismic
intervals showsimilar trendsbetweencores, supportingour correlations.Recurrence
of trans-oceanic paleotsunami records in the northern IndianOcean is between 280
and320years, consistentwithour estimate.Recordsof earthquakes in the submarine
environment, found in sediment cores and seismic reflection data, are a useful tool
to evaluate the cycling of strain along subduction zones.

Advances in Seismic Imaging andMonitoring of
Time-Dependent Variations: Civil Structures,
Near-Surface, and Shallow Crustal Scales
Oral Session ·Wednesday · 8:30 AM · 30 April · Room 3
Session Chairs: Marco Pilz and Nori Nakata

Temporal Changes in Near-Surface Shear Wave Velocity
STEIDL, J. H., Earth Research Institute - UCSB, Santa Barbara, CA USA,
steidl@eri.ucsb.edu

Temporal changes in shear wave velocity are analyzed at the Wildlife Liquefaction
Array (WLA) and Garner Valley Downhole Array (GVDA), located in southern
California. These densely instrumented geotechnical and structural engineering
field sites continuously record both acceleration and pore pressure, with
accelerometers located on the surface and at various depths below the surface, and
porepressuretransducers installedatdepthwithinthe liquefiable layers.Permanently
instrumented structures for examining soil-foundation-structure interaction and a
permanent cross-hole array at the sites have transformed these sites into multi-
disciplinary earthquake engineering research facilities. Over the last decade, local
andregional seismic activity, includingmultiple extremely active earthquake swarms,
have produced a valuable new data set providing a unique opportunity to observe
site response, and temporal changes in shear wave velocity, at an unprecedented
level of detail. In addition to the earthquakes provided by nature, active testing
experiments using the mobile shakers from NEES@UTexas and NEES@UCLA,
a permanent remotely controlled shaker, and a cross-hole hammer source, have
produced an equally valuable data set that can be used to examine temporal changes
in site response and shear wave velocity. Nonlinear soil behavior associated with
the larger events recorded at these sites is analyzed in terms of changes in travel
times between accelerometers in the array for the largest ground motions, as well
as a reduction in high frequency amplification for these events. The location of
accelerometers at the surface and at additional depths throughout the soil column
provides the opportunity to examine the contribution of the various layers to the
overall site response. Significant changes in shear wave velocity (>30%) during the
largest events are observed, as well as smaller season changes (∼5%) related to water
table fluctuations.

Monitoring Temporal Changes in a Levee with Ambient Seismic Noise
PLANÈS, T., Colorado School of Mines, Golden, CO, tplanes@mines.edu;
PAREKH, M., Colorado School of Mines, Golden, CO, mparekh@mymail.
mines.edu; RITTGERS, J., Colorado School of Mines, Golden, CO, jrittger@
mines.edu; BEHM, M., University of Vienna, Vienna, Austria, michael.behm@
univie.ac.at; MOONEY, M., UC&T, Colorado School of Mines, Golden, CO,
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mmooney@mines.edu; SNIEDER, R., Center for Wave Phenomena, Colorado
School of Mines, Golden, CO, rsnieder@mines.edu

In the US, nearly 200,000 km of earth levees and 85,000 earth dams provide
flood protection, clean water supply and renewable energy for millions of people.
Earth dams and levees (EDLs) are prone to a costly cause of failure in the form of
internal erosion of soils within the structure. This progressive failure seeks out areas
of weakness in EDLs due to inferior construction and/or aging. It is invisible to
current methods of inspection until it manifests itself on an exterior surface.

There is a critical need to implement of a cost effective system that can (1)
identify internal weakness or damage inEDLs during early stageswhen intervention
can prevent catastrophic damage and cost, and (2) broadly assess the tens of
thousands of km of EDLs within the US and globally.

A relatively recent geophysical method, called ambient noise correlation or
seismic interferometry, allows reconstructing the seismic impulse response of the
subsurface between two geophones. Using only the ambient vibration of the earth,
this method does not rely on the costly and time consuming use of an active source,
and allows continuous monitoring of the structure at test.

In Fall 2012, we deployed an array of geophones on a full scale levee (IjkDijk),
built and tested to failure by ourDutch collaborators. Using seismic interferometry,
we are able to reconstruct impulse responses between each pairs of geophones,
all along the 6 day test. We can then monitor changes in waveform and wave
velocity during the test to assess mechanical changes occurring inside the structure.
These changes show a good agreement with the visual and geotechnical parameters
acquired during this known sequence of failure.

Shallow 3D Velocity Imaging by a Joint Rayleigh- and Love-Wave Noise
Tomography
PILZ, M., Helmholtz Center Potsdam - GFZ, Potsdam, Germany, pilz@gfz-
potsdam.de;PAROLAI,S.,HelmholtzCenterPotsdam-GFZ,Potsdam,Germany;
BINDI, D., Helmholtz Center Potsdam - GFZ, Potsdam, Germany

Imaging shallow subsurface structures and monitoring related temporal variations
are two of the main tasks for modern seismology. Although many observations
have reported temporal velocity changes e.g. in fault zones, in volcanic areas and
on landslides, precise measurements of velocity changes based on passive sources
like ambient seismic noise still suffer from high computation times. Recently, we
presented a method (Pilz et al. 2012, 2013) to overcome this problem for obtaining
information about the local subsoil structure on the engineering scale.

Here we present a fast one-step inversion procedure which accounts for
the topographic relief and which is based on the computation of high-frequency
correlation functions for both Rayleigh and Love waves between stations of a
small-scale array deployed for recording ambient seismic noise. Constitutively, a
tomographic inversion of the travel times estimated for each frequency is performed
in due consideration of the different depth-sensitivity kernels of both Rayleigh
and Love waves. We test our technique by using numerical simulations of seismic
noise for a realistic site and by using real-world recordings from a small-scale array
performed at Solfatara (Italy). The results imply that themethod can provide a clear
image of the subsurface structures and that, in turn, passive seismic interferometry
allows local structural heterogeneities to be satisfactorily reproduced. In particular,
the use of Love-wave phase velocities allows to further constrain the inversion and
to improve the resolution of the model. Since reliable velocity estimates for the
frequency range investigated can be obtained in almost real time, the results further
imply the use of the proposed procedure as an exploration and monitoring tool.

Developing 3-D Shear Wave Models using a Multi-Objective Joing Inversion
Scheme
THOMPSON, L. E., University of Texas at El Paso, El Paso, TX, lethompson@
miners.utep.edu; VELASCO, A. A., University of Texas at El Paso, El Paso,
TX, aavelasco@utep.edu; GARCIA, V., University of Texas at El Paso, El Paso,
TX, vhgarcia4@miners.utep.edu; ZAMORA, A., University of Texas at El Paso,
El Paso, TX, azamora3@miners.utep.edu; SOSA, U. A., University of Texas at
El Paso, El Paso, TX, usosaaguirre@miners.utep.edu

Understanding Earth’s tectonic processes requires determining the Earth structure,
and we focus on determining Texas tectonic processes employing a joint inversion
scheme for multiple geophysical datasets. In particular, we expand on a constrained
optimization approach for a joint inversion least-squares (LSQ) algorithm to
characterize a one-dimensional Earth’s structure,We use seismic data from regional
networks in Texas and the USArray, a dense network of permanent and portable
seismographs placed systematically across the continental United States.We collect
and process seismic data (receiver function, surface wave, body wave travel times),
plus collect gravitydata fromother efforts.By jointly inverting these fourgeophysical
data sets, we can avoid the inherent non-uniqueness from inversion.The Multi-
Objective Optimization Problem (MOP) technique enables the capability to

combine linear and non-linear problems. The technique enables the combination of
inhomogeneous data sets and different statistical properties of error associated with
each data set. We chose to use the MOP optimization approach because we want
to find the best possible solution for our nonlinear geophysics inverse problem.We
prove through numerical and experimental testing that ourMOP scheme performs
inversion in a more accurate, robust, and flexible matter than traditional inversion
approaches. To develop quasi 3-D models, we interpolate the 1-D results using a
kriging approach, only when we have excellent station coverage. Our quasi 3-D
velocity models provide insight into the tectonic history and physical properties of
the Earth structure of Texas, and we will compare mantle structure beneath Texas
to other ancient and active rift systems.

Joint Modeling of Complementary Data Functionals for Seismic Site
Characterization
SCHWED,M., Baylor University, Waco, TX, martin_schwed@baylor.edu;
PULLIAM, J., Baylor University, Waco, TX, jay_pulliam@baylor.edu; SEN,
M. K., Institute for Geophysics, University of Texas at Austin, Austin, TX,
mrinal@ig.utexas.edu; WILLEMANN, R. J., IRIS Consortium, Washington,
DC, ray@iris.edu; HUERTA-LOPEZ, C., University of Puerto Rico, Mayaguez,
Mayaguez, PR, huerta@cicese.mx; MOSCHETTI, M. P., USGS, Golden,
CO, mmoschetti@usgs.gov; SCHMITZ, M., FUNVISIS, Caracas, Venezuela,
Bolivarian Republic of., mschmitz@funvisis.org.ve; LOUIE, J. N., The
University of Nevada, Reno, Reno, NV, louie@seismo.unr.edu; POLANCO, E.,
UniversidadAutonoma de SantoDomingo, SantoDomingo,DominicanRepublic,
eugenio_polanco_rivera@msn.com;HUERFANOMORENO,V.,University of
Puerto Rico,Mayaguez,Mayaguez, PR, victor@prsn.uprm.edu; PASYANOS,M.,
Lawrence Livermore National Laboratory, Livermore, CA, pasyanos1@llnl.gov

Newapproaches suggest that itmaybepossible to determine shallowEarth structure
through low-cost, non-invasive seismic surveys that make use of ambient noise and
that the results can be used for ‘shake-casting’ to produce scenarios for the purposes
of urban planning, improving community resilience, and emergency response.
We will present a strategy for determining seismic ‘site characterization’ through
joint modeling of horizontal to vertical spectral ratios (HVSR) and surface wave
dispersion, determined via spatial autocorrelation (SPAC), refraction microtremor
(ReMi), and/or multi-channel analysis of surface waves (MASW). Fitting of data
functionals by synthetics is drivenbyglobal optimizationand themodels are assessed
quantitatively. The products of this approach are shear wave velocity profiles for
the shallow subsurface, accompanied by posterior probability distributions and
parameter correlation matrices.

Optimization strategies for solving nonlinear problems in geophysics have
several advantages over linearized inversions. Jointly fitting dispersion curves and
HVSR functionals via global optimization allows us to characterize the space
of possible models, assess model reliability, identify parts of the ‘best-fit’ model
that are poorly constrained, and guide us toward new data that might improve
constraints on the model. Tools such as the posterior probability distribution and
the parameter correlation matrix allow us to assess the relative contribution of both
types of data to model constraints and how to choose the optimal weights between
data types.

The joint modeling technique is applied to data acquired in an NSF-
funded Pan-American Advanced Studies Institute in Santo Domingo, Dominican
Republic, entitled ‘New Frontiers in Geophysical Research: Bringing New Tools
andTechniques to Bear on EarthquakeHazardAnalysis andMitigation’, as a proof-
of-concept survey in a highly built-up urban environment.

The Virtual Eruption of Okmok Volcano, Alaska
HANEY, M. M., U.S. Geological Survey/Alaska VolcanoObservatory, Anchorage,
AK,mhaney@usgs.gov

WhenOkmokVolcanoeruptedviolently in2008, thenewcone it formed swallowed
a broadband seismometer within the caldera at site OKCD. The destruction of the
seismometer constituted a short-term loss in terms of monitoring capability during
the ensuing month-long eruption; however, in hindsight it has allowed the volcanic
tremor source to be investigated using a novel technique in seismic interferometry
known as the virtual earthquake approach (Denolle et al., 2013; JGR). In the case
of Okmok, we refer to the technique as the virtual eruption.

The virtual eruption is based on the ability to obtain accurate Green’s
functionsbetweentheeruptive sourceandseismic stationsusingambientnoisecross-
correlations. At Okmok, the local network consisted of 7 working stations during
the 2008 eruptionwith a total of 11 components. StationOKCDexisted for 4 years
prior to the 2008 eruption. Over that time period, ambient noise derived Green’s
functions can be computed between OKCD and the 7 operative stations from the
2008 eruption. In contrast to syntheticGreen’s functionsmodeled computationally
with an assumed subsurface velocity structure, these Green’s functions are exact so
long as the noise sources are sufficiently well distributed in azimuth. Path effects
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due to unknown 3D heterogeneity are captured in the Green’s functions. The 2008
Okmok eruption lends itself nicely to the analysis since low frequency tremor,
within the frequency band from 0.2 1 Hz, radiated continuously from beneath
the new cone. Backprojection of the low frequency tremor demonstrates that it
was predominantly composed of surface waves. Thus, the tremor and ocean noise
share the same wave type and frequency range, further enabling the application of
the virtual eruption technique. Green’s functions can be obtained for both a force
and/ormoment source and the eruptive source process estimated continuously over
time with waveform inversion.

Nonlinear Elasticity and Slow Dynamics Observed at the Factor Building
(UCLA-California) by Processing Continuous Recordings
GUEGUEN, P., ISTerre/UJF/CNRS/IFSTTAR, Grenobe, France, philippe.
gueguen@ujf-grenoble.fr; ROUX, P., ISTerre/UJF/CNRS/IFSTTAR,
Grenoble, France, philippe.roux@ujf-grenoble.fr; JOHNSON, P. A., Geophysics
Group, Los Alamos National Laboratory, Los Alamos, NM, paj@lanl.gov

During earthquakes, a structure may suffer damage, ultimately changing its elastic
properties. Earthquake engineers simplify building response by describing it as
bi-linear behaviour. The appearance of cracks in the building materials during
events causes a transient variation of Young’s modulus, a variation which becomes
permanent if irreversible damage occurs. Frequency and damping are closely related
to the system’s Young’s modulus and, assuming constant mass, control its dynamic
response according to Newton’s second law. Monitoring these values therefore
enables the assessment of rapid damage to the structure, or nonlinear response,
in situations such as after an extreme event, or slow deterioration due to ageing
(Structural Health Monitoring). However, real data also reveals a sometimes slow
recovery of the structure’s elastic properties when stress returns to a very low level.
The origin of this recovery is not clear. In this study, we will show that under
slight internal deformation, the elastic parameters of the Factor Building (UCLA
California) follow a nonlinear elasticity regime, typical of a slow dynamic. We
found that using very precise measurement of frequency and damping under slight
stress, these parameters are modified by around 0.1% for deformation levels of the
order of 10 7. These observations tend to confirm the universal nonlinear elastic
behaviour of actual systems, comparable to that of rock or soil, as observed in
laboratory conditions. Our results show that the dynamics of a structure composed
of compositematerial and linked to the ground, are similar to those of anNonlinear
Mesoscopic Elasticity material, which had not been considered previously. Our
observation will enable better understanding of the dynamic response of structures;
changes in design and constructi

Seismological Monitoring of a Tall RC Building in Nice, France
BERTRAND, E., CEREMA, DTer Med, Nice, France, etienne.bertrand@
cerema.fr; DESCHAMPS, A., GEOAZUR, CNRS-UNS, Sophia-Antipolis,
France, deschamps@geoazur.unice.fr; SANTISI D’AVILA, M. P., Université
de Nice, Nice, France, msantisi@unice.fr; GUEGUEN, P., Isterre, Grenoble,
France, philippe.gueguen@ujf-grenoble.fr; TAHMI, N., GEOAZUR, CNRS-
UNS, Sophia-Antipolis, France; FERNANDEZ-LORENZO, G., GEOAZUR,
CNRS-UNS, Sophia-Antipolis, France, guillermo.fernandez-lorenzo@unice.fr

The main goal of the National Building Array Program (NBAP), supported by
both the French Ministery of Ecology, Sustainable Development and Energy and
the French Ministery of Land Planing and Housing and managed by the French
Accelerometric Network (RAP) is the seismic response analysis of typical French
buildings for seismic vulnerability assessment purposes. In the frame of NBAP,
GEOAZUR laboratory and CEREMA institute set up a seismological array in a
tall reinforced concrete (RC) building raised in 1979 and located in a sedimentary
basin in the city of Nice, southeastern France. The building is a 67-meters high
tower composed of 20 levels and 2 basements. The structure is made of concrete
slabs connected to two kernels that include the staircases and the elevators. Since
july 2010, the building has beenmonitored by 24 accelerometric sensors distributed
along the building elevation. This array is recording continuously, authorizing us
to analyse both the ambiant vibrations and the ones due to local seismicity. We
present here the first results obtained on the dynamic behavior of the building
inferred by these data. About 10 earthquakes have been recorded in 2011 2012
with magnitude ranging between 4.0 and 6.1, all of them situated at epicentral
distances greater than 40 km from the building. These earthquakes only produced
weak motions in the building and didn’t cause any visible damage in the structure.
In the longitudinal direction of the building, three modes of deformation are
detected with frequencies around 1.2 Hz, 5.3 Hz and 9.3 Hz respectively. These
eigenfrequencies show little variationwith respect of the considered earthquake.We
also investigate the frequency variation of the first mode throughout the year using
the ambiant vibration recordings. Our first analyse indicates that this frequency
may slightly vary during the year, but this variation is not larger than one standard
deviation.

Noise-based Crustal Seismic Velocity Changes associated with the 2011
Tohoku-oki Earthquake
BRENGUIER, F., ISTerre/Univ. of Grenoble, Grenoble, France, florent.
brenguier@ujf-grenoble.fr; CAMPILLO,M., ISTerre/Univ. of Grenoble,
Grenoble, France,michel.campillo@ujf-grenoble.fr; BRIAND,X., ISTerre/Univ.
of Grenoble, Grenoble, France, xavier.briand@ujf-grenoble.fr; TAKEDA, T.,
NIED, Tsukuba, Japan, ttakeda@bosai.go.jp; AOKI, Y., ERI, Tokyo, Japan,
yaoki@eri.u-tokyo.ac.jp; SHAPIRO,N., IPGP, Paris, France,nshapiro@ipgp.fr;
EMOTO, K., NIED, Tsukuba, Japan, emoto@bosai.go.jp

The occurrence of the giant 2011 Tohoku-oki earthquake and its record by the
dense Japanese Hi-net seismic network provide a unique opportunity to study the
response of the Earth’s crust to strong shacking and deformation. Here, we use
one year of continuous seismic data from the Hi-net network in Japan to estimate
noise-based crustal seismic velocity changes associated with the occurrence of the
2011 Mw9 Tohoku-oki earthquake. We present results obtained from correlations
in the 0.1 0.9Hz frequency range and for lapse time up to 60 s.We observe a strong
coseismic drop of seismic velocities (up to 0.2%) in volcanic regions throughout
Japan, including Mt Fuji Volcano about 400 km away from the epicentral area of
the Tohoku-oki earthquake. This is the prominent feature of the response during
the first days after the earthquake. The velocity drop increased in the following days
in the region of maximum deformation produced by the earthquake, followed by
a phase of slow recovery. We compare the temporal response of the crust in Japan
afterTohoku-oki earthquakewith the one observed in Sichuan basin andTibet after
the 2008M7.9Wenchuan earthquake (Froment et al., 2013, Obermann, 2013). In
both cases, the results indicate that, beyond a relaxation of the non-linear effect on
the seismic speed, post seismic processes affect the seismic velocity at depth.

Depth Constraint of Velocity Changes caused by the 2011 Tohoku-Oki
Earthquake
NAKATA, N., Stanford University, Stanford, CA, nnakata@stanford.edu;
LAWRENCE, J. F., Stanford University, Stanford, CA, jflawrence@stanford.edu

The 2011 Mw9.0 Tohoku-Oki earthquake caused changes in near-surface seismic
velocities, which are measured by computing transfer functions of small earthquake
data recordedby the Japanese strong-motion recordingnetwork,KiK-net.Although
this analysis works well and one can estimate changes in velocities all over Japan, the
estimated changes are averaged values over the depth of KiK-net borehole receivers.
Also, intervals of time-lapsemeasurements depend on howoften earthquakes occur.
Here,weanalyze surfacewavesof ambient-noisedataobservedby thehigh sensitivity
seismometer network (Hi-net) using cross-coherence techniques and discuss the
depth constraint of the changes in velocities. Ambient noise is suitable for time-
lapse measurements because of their continuity. After cross coherence, we obtain
traveling waves from one station to another station. To enhance the signal-to-noise
ratio inhigher frequencies,we employ the adaptive covariance filter,which is a noise-
suppression filter. Then we apply coda-wave interferometry to the cross-coherence
functions and estimate the changes in velocities between two time intervals (before
and after the Tohoku-Oki earthquake) at each frequency. Since the frequency of
surface waves relates to the depth penetration of the waves, we can invert the depth
variation of the changes. For this inversion, we also use the changes estimated from
KiK-net data. With these analyses, we find that most of the changes occur in the
very near surface.

Fault Structure, Heterogeneity, and Implications for
Rupture Dynamics
Oral Session ·Wednesday · 1:15 PM · 30 April · Room 3
Session Chairs: Thomas H.W. Goebel, Thibault Candela and
Heather Savage

BIEM Simulation for Anti-Plane Dynamic Rupture Propagation across a
Bimaterial Interface
HIRANO, S., University of Tsukuba, Tsukuba, Ibaraki, Japan, hirano@kz.
tsukuba.ac.jp; YAMASHITA, T., Earthquake Research Institute, University of
Tokyo, Bunkyo, Tokyo, Japan, tyama@eri.u-tokyo.ac.jp

Boundary Integral Equation Method (BIEM) enables us to simulate dynamic
rupture propagation on non-planar faults under some assigned stress conditions
with high-precision. Although applicability of BIEM had been limited only for
rupture in a homogeneous medium, we modify it for anti-plane rupture in a 2-D
bimaterial. For the modification, we treat a discretized fault element embedded in
the bimaterial and derive an analytical solution that represents radiated waveforms
of stress components due to a sudden slip on the element.
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Ourmethod extends a simulation of dynamic rupture propagation to the case
of a fault that intersects with a bimaterial interface. In our results, we find that
temporal increase or decrease of slip velocity goes back from an intersection of the
fault and the interface toward a nucleation point after a rupture front reaches the
intersection. A sign of the temporal change is consistent with a sign of reflected
wave that depends on material contrasts. Hence our results are qualitatively feasible
and comprehensible in view of an elastic wave theory. Magnitude of the change
is, however, not easy to predict because reflection coefficients have complicated
dependence on a spatiotemporal relationship between a wavesource and a receiver.
For example, in a case of a frictionless fault, we confirm that slip velocity temporally
takes negative value when the temporal decrease of slip velocity passes.

Temporal change of slip velocity can cause more complicated behaviour
of faulting under a strongly rate-dependent friction law. Under the friction law,
temporal increase/decrease of slip velocity leads weakening/strengthening of
friction and vice versa, so that positive feedback works. We suggest a possibility
of reactivation or deactivation of slip off a rupture front by considering our results
and the friction law.

3D Dynamic Rupture Simulation Across a Complex Fault System: The Mw7.0,
2010, Haiti Earthquake
DOUILLY, R., Purdue University, West Lafayette, IN, rdouilly@purdue.edu;
AOCHI, H., Bureau de Recherche Geologiques et Minieres, Orlean, France,
h.aochi@brgm.fr; CALAIS, E., Ecole Normale Superieure, Department of
Geosciences, Paris, France, ecalais@geologie.ens.fr; FREED, A. M., Purdue
University, West Lafayette, IN, freed@purdue.edu

Earthquakes ruptures often take places on faults adjacent to and sometimes very
close to major plate boundary faults without activating them. The 1989 Loma
Prieta earthquake is a classic case where rupture occurred on a blind reverse fault
(with both dip-slip and strike-slip) while the adjacent San Andreas Fault was not
triggered. In this study, we investigate the rupture dynamics of theHaiti earthquake
in a complex fault system with multiple segments as identified by the aftershock
relocations. We calculate a background stress regime that is consistent with the
type of motion on the Léogâne rupture and with the regional tectonic regime.
We initiate nucleation on the eastern segment of the Léogâne fault, at the location
of the relocated earthquake centroid, by defining a circular region of 2-km radius
where shear stress is slightly greater than the yield stress. By varying friction on
faults and background stress, we find a range of scenarios that are consistent with
the observed rupture. In the absence of near-field seismic records of the event, we
score the models against the static surface deformation field derived from GPS,
InSAR, and coral uplifts. All the plausible simulations show that the rupture
propagates from the eastern to the western segment of the Léogâne fault, but not
on the Enriquillo fault nor on the Trois Baies fault. The best-fit simulation shows
a significant increase of shear stresses on the Trois Baies fault, consistent with
aftershocks observed on this fault. This best-fit simulation also shows a significant
increase of shear stresses mostly on the top and on the western part of the Enriquillo
fault indicating that it has been brought closer to rupture and still constitutes a
threat for southern Haiti. We also find that a shift of the western segment of the
Léogâne fault by about 2 km to the north compared to recent studies provides a
better fit to the coseismic InSAR and GPS displacements.

Dynamic Rupture Models of Earthquakes on the Bartlett Springs Fault,
Northern California
LOZOS, J. C., Pacific Earthquake Engineering Research Center, Berkeley, CA,
jlozos@berkeley.edu;HARRIS,R.A.,USGS,MenloPark,CA,harris@usgs.gov;
MURRAY, J. R., USGS, Menlo Park, CA; ABRAHAMSON, N. A., Pacific Gas
and Electric Company, San Francisco, CA, naa2@pge.com

The Bartlett Springs Fault is a major right-lateral component of the San Andreas
fault system in northern California. Fault slip-rate models inferred from GPS data
[Murray et al., 2013] and alignment array data [McFarland et al., 2009] both
indicate that the Bartlett Springs fault experiences aseismic creep.We use the three-
dimensional finite element computer code of Barall [2009] to conduct models
of dynamic spontaneous rupture on this fault, both to determine characteristics of
potential earthquakes, andtogauge theabilityof rupture topropagate in thecreeping
regions. Within the framework of slip-weakening friction, we represent locked
portions of the fault as regions of positive stress drop, and creeping regions as having
zero or negative stress drop. Using the fault geometry and creep distribution from
studiesbyMurrayetal.,weexaminesimulations that implementeitherhomogeneous
initial stresses or a regional stress field, alongwith several different parameterizations
of the contrast in frictional properties between locked and creeping zones. We
compare the earthquake source characteristics for the same fault geometry with and
without the known creeping sections. These comparisons can be used to estimate
the impacts of the creeping sections on ground motion predictions.

Stick-slip Instability in Granite Initiated as Acoustic Emission Event
MCLASKEY, G. C., USGS, Menlo Park, CA, gmclaskey@usgs.gov;
LOCKNER, D. A., USGS, Menlo Park, CA, dlockner@usgs.gov

Recent modeling studies have explored whether large earthquakes begin with a
detectable nucleation phase, or if such a phase can be accelerated or skipped by the
rupture of a smaller fragile fault patch in a ‘cascade-up’ process. To explore such a
condition in the laboratory, we study the initiation of dynamic rupture on a fault
in a 76 mm diameter cylindrical granite laboratory sample. The simulated fault is a
smooth saw cut surface inclined at 30 degrees to the sample axis and was deformed
at confining pressures of 40 120 MPa. In a sequence of 10 stick-slip instabilities,
we measure radiated seismic waves using piezoelectric sensors glued directly on
the granite sample and located inside the pressure vessel. For each stick-slip, the
radiation of seismic waves (>20 kHz) appears to initiate abruptly, andwe can locate
the hypocenter. In many cases, we find that the beginning is relatively weak, and
that the first few microseconds of the seismic records are nearly indistinguishable
from those of many other very small magnitude discrete seismic events, commonly
known as acoustic emissions (AE), that occur in the seconds prior to each large
stick-slip. In this sense, it appears that stick-slip begins as an AE event that rapidly
(∼20microseconds) grows about two orders of magnitude in linear dimension and
ruptures the entire 150mm length of the simulated fault. Yet, inmany cases, the AE
events that appear to initiate stick-slip are neither exceptionally large nor in unusual
locations compared to other AEs that occurred in the previous seconds and did not
dynamically grow into stick-slip instabilities.We also find indications of accelerating
fault slip in the final seconds before stick-slip which could reduce fault strength and
therefore allow an AE to grow into a larger rupture.

Seismic Moment Tensors and b-values of Acoustic Emissions During Stick
Slip Sliding Tests
KWIATEK, G., GFZ German Research Centre for Geosciences, Potsdam,
Germany, kwiatek@gfz-potsdam.de; GOEBEL, T., California Institute of
Technology, Pasadena, CA, tgoebel@gps.caltech.edu; DRESEN, G., GFZ
German Research Centre for Geosciences, Potsdam, Germany, dre@gfz-
potsdam.de

We investigate processes governing stick-slip frictional sliding in laboratory
experiments performed on Westerly Granite sample. We perform full moment
tensor and b-value analysis using full waveform acoustic emission (AE) data from
twostick-slipexperimentswithdifferent initial fault state: saw-cutandroughsurface.
AE activity was recorded continuously throughout the experiment at 10MHz
sampling rate using 16 piezoelectric P-wave sensors glued directly to the surface
of the cylindrical specimens providing good spatial coverage. About 100,000 AE
events were recorded in both experiemnts out of which more than 43,000 were
located using the time-dependent 1D anisotropic velocity model. We compute full
moment tensors and b-values from AE events that occurred in close temporal
proximity to stick-slip events. The full moment tensors were calculated using
first P-wave amplitudes and the recorded waveform amplitudes were corrected
for coupling quality and incidence angle.We decomposed full moment tensors into
isotropic/CLVD/double-couple components and used shear-tensile source model
to examine changes in source mechanisms before and after stick-slip events. In
addition, temporal and spatial changes in AE magnitude-frequency distribution
b-value were analyzed. We observe microfracturing processes are clearly driven by
the initial state of the fault (saw-cut/rough surface). In case of the saw-cut sample
the rotations of full moment tensor P and T axes plunges are visible and attributed
to the existence of scarce non-double-couple seismic events preceding the stick-slip
phases and can be well explained applying the shear-tensile source model. For the
rough surface sample an intensive shear-enhanced compaction of the comminuted
material is seen in moment tensor derived parameters as well as in increasing b-
values. Also, the AE-derived slip distribution is more complex prior to stick-slip
events compared to postfailure slip in both cases.

Fault-Zone Maturity Defines Maximum Earthquake Magnitude
BOHNHOFF, M., GFZ Potsdam, Potsdam, Germany, bohnhoff@gfz-potsdam
.de; BULUT, F., GFZ Potsdam, Potsdam, Germany, bulut@gfz-potsdam.de;
STIERLE, E., GFZ Potsdam, Potsdam,Germany, stierle@gfz-potsdam.de; BEN-
ZION, Y., University of SouthernCalifornia, Los Angeles, CA, benzion@usc.edu

Estimating the maximum likely magnitude of future earthquakes on transform
faults near large metropolitan areas has fundamental consequences for the expected
hazard. Here we show that the maximum earthquakes on different sections of the
North Anatolian Fault Zone (NAFZ) scale with the duration of fault zone activity,
cumulative offset and length of individual fault segments. The findings are based
on a compiled catalogue of historical earthquakes in the region, using the extensive
literary sources that exist due to the long civilization record.We find that the largest
earthquakes (M∼8) are exclusively observed along the well-developed part of the
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fault zone in the east. In contrast, the western part is still in a juvenile or transitional
stage with historical earthquakes not exceeding M=7.4. This limits the current
seismic hazard to NW Turkey and its largest regional population and economical
center Istanbul. Our findings for the NAFZ are consistent with data from the two
other major transform faults, the San Andreas fault in California and the Dead
Sea Transform in the Middle East. The results indicate that maximum earthquake
magnitudes generally scale with fault-zone evolution.

The Role of Iquique Area in a Future Large Earthquake - A Multi-disciplinary
Approach
SOBIESIAK, M. M., University of Kiel, Kiel, Germany,monika@geophysik.uni-
kiel.de; GOETZE,H. J., University of Kiel, Kiel, Germany, hajo@geophysik.uni-
kiel.de; MENESES, G., Departamento de Geofisica, Santiago de Chile, Chile,
gianinameneses.p@gmail.com; SCHALLER, T., University of Kiel, Kiel,
Germany, theresas@geophysik.uni-kiel.de; EGGERT, S., GFZ Potsdam,
Potsdam, Germany, eggert@gfz-potsdam.de; VICTOR, P., GFZ Potsdam,
Potsdam, Germany, pvictor@gfz-potsdam.de; BOUDIN, F., Uniiversite
de Montpellier, Montpellier, France, frederic.boudin@gm.univ-montp2.fr;
CAMPOS, J., Departamento de Geofisica, Santiago de Chile, Chile, jaime@dgf.
uchile.cl; Vilotte, J.P., IPGP, France;Métois,M., ENS, France;Madariaga, R., ENS,
France; Olcay, M., UNAP, Iquique, Chile; Tassara, C., UNAP, Iquique, Chile

It is supposed, that theIquiqueSeismicGap innorthernChile is capableofproducing
earthquakes of any large magnitude between 7 and 9 depending on which seismic
cycle is active at the moment. Two scenarios are most likely to succeed: one that
causes a follow-up event of the 1877 earthquake supposed to be amagnitude 9 event,
and another one in which several M 7 8 events subsequently fill the seismic gap.
Whichever of the two scenarios apply, the Iquique area will play a role in it. One of
the major questions we want to target in this project is whether the respective area
could act as a segment boundary or an asperity structure.

In previouswork, we compared post-seismic spatial b-value distributionswith
isostatic residual anomalies of the gravity field to identify co-seismically ruptured
asperities of the 1995, Mw 8.1 Antofagasta earthquake at the southern tip of the
Iquique seismic gap and did the same with the 2007, Mw 7.9 Tocopilla earthquake.
Now we want to apply the same method to the Iquique area where we maintain the
mixed broadband- short period Iquique Local Network with 20 stations in total,
monitoring small to intermediate sized background seismicity. Taking into account
GPS-, tiltmeter-, creepmeter data and results from new density modelling, first
results show that the Iquique area behaves differently from the adjacent areas to the
north and the south.

Fully Automated Real-time 3D Earthquake Locations in the San Jacinto Fault
Zone Using High Resolution 3D Velocity Models
ALLAM, A. A., Scripps Institute of Oceanography, La Jolla, CA, aallam@
ucsd.edu; VERNON, F. L., Scripps Institute of Oceanography, La Jolla, CA,
flvernon@ucsd.edu; BEN-ZION, Y., University of Southern California, Los
Angeles, CA, benzion@usc.edu

Wepresent an automated real-time earthquake location algorithm based on eikonal
travel time solutions and apply it to the seismically active San Jacinto Fault Zone.
Building on previous tomographic work, we create both Vp and Vs velocity models
for the San Jacinto region at 100m uniform grid spacing. Based on these models,
we use the finite-difference eikonal-based fast marching method to create a library
of 189 station-centric travel time maps. Though computationally expensive, this is
only done during initial setup; further travel time computation is only necessary
when the velocity model is updated or when new stations are added. Because the
travel times are stored in a binary structured grid format, and the values at each
station are stored at common grid points, retrieval of the travel time for potential
hypocenter locations is very fast. Starting with an initial earthquake location based
on 1D velocity models, and using as input observed first-motion data, we perform
a grid search on the 3D travel time maps to minimize the misfit for all stations.
Once a best-fit grid point has been located, we optimize the earthquake location to
the sub-grid scale using trilinear interpolation. We apply this methodology to the
seismically active San Jacinto Fault zone, where a dense network of real-time seismic
instruments has been recently upgraded.

Imaging Tremor Dynamics at the San Andreas Fault near Parkfieldwith aMini
Seismic Array
GHOSH, A., University of California, Riverside, CA, aghosh.earth@gmail.com

Slowearthquakesandtremorplayanimportantrole infaultmotionandstress release.
How slow earthquakes and their regular counterparts (fast earthquakes) interact,
and its implications on the fault dynamics remains poorly understood. Addressing
these issues require spatially complete imaging of seismic activity, both slow and fast,
with ahigh level of detection. I installed amini seismic array at theSanAndreasFault

between Cholame and Parkfield to achieve these objectives. This is a very suitable
area as it is seismically productive, breaks repeatedly to produce damaging M6 fast
earthquake, and produce prolific tremor and fast earthquakes in close proximity. So
far, two months of array data has been analyzed using beam-backprojection (BBP)
algorithm [Ghosh et al., 2012; Ghosh et al., 2009].

The BBP algorithmusing the solomini array detects 5 timesmore duration of
tremor activity compared to a standardmethod using conventional seismic network
[Nadeau and Guilhem, 2009]. The array scans the entire fault plane, about 100
kms alongstrike, from SE of Cholame to NW of Parkfield. The spatially complete
array imaging of tremor reveals a highly tremor active area under Cholame, CA,
whichhasbeendocumentedbyprevious studies [NadeauandGuilhem,2009; Shelly
et al., 2009]. In addition, I also observe comparable duration of tremor activity near
Parkfield. In other words, tremor distribution alongstrike the SAF shows bi-modal
distribution with two peaks of comparable tremor duration. I also observe rapidly
propagating tremor streaks, both towards and away from the Parkfield rupture
patch. Tremor streaks are observed frequently, and seem to be a fairly common
mode tremor migration, similar to Cascadia [Ghosh et al., 2010]. The mini array is
capturing a wide spectrum of seismic radiation from the SAF with unprecedented
sensitivity, and providing high-resolution and spatially complete image of seismicity
from a major plate boundary strike-slip fault.

Slip Characteristics of the Deep Portion of the San Andreas Fault Inferred
from Low-Frequency Earthquakes
WU, C., Geophysics Group, Los Alamos National Laboratory, Los Alamos, NM,
cwu@lanl.gov; GUYER, R. A., Physics Department, University of Nevada, Reno,
NV, guyer@physics.umass.edu; TRUGMAN, D. T., Geophysics Group, Los
Alamos National Laboratory, Los Alamos, NM, dtrugman@lanl.gov; SHELLY,
D. R., US Geological Survey, Menlo Park, Menlo Park, CA, dshelly@usgs.gov;
JOHNSON, P. A., Geophysics Group, Los Alamos National Laboratory, Los
Alamos, NM, paj@lanl.gov

The dynamics of fault slip in the lower crust are just beginning to be understood
due to the recent discovery of non-volcanic tremor (NVT) and Low Frequency
Earthquakes (LFEs). These phenomena occur in the deep crust where material
properties are more ductile than in the brittle upper crustal seismogenic zone. Here
we examine timing characteristics of LFE repeating sources of the deep crustal
slip along the Parkfield segment of the San Andreas Fault (SAF). We apply an
automatic LFE burst detection algorithm to all the LFE repeating sources to
track the similarity and dis-similarity in source behaviors. We show that LFE
repeating sources are comprised of burstswhose timingmay be highly regular, highly
irregular or intermediate in nature.We show further the coherence of burst activity
among different sources varies along SAF, suggesting strong and weak coupling of
different patches of fault. By comparing the observations to laboratory biaxial shear
experiments, we infer possible complex slip regimes in the deep crust that vary along
the fault, indicating that some portions exhibit stick-slip behavior, some are stably
sliding, and others have a mixed slipping behavior.

Site Response: From Site-Specific Analyses to Predictive
Models Around the Globe
Oral Session ·Wednesday · 8:30 AM · 30 April · Room 4
Session Chairs: Eric Thompson and Dominic Assimaki

ArrayMeasurements of Rayleigh-WaveAmplitudes to EstimateSite Response
TSAI, V. C., California Institute of Technology, Pasadena, CA, tsai@caltech.edu;
BOWDEN, D. C., California Institute of Technology, Pasadena, CA,
dbowden@gps.caltech.edu; LIN, F. C., University of Utah, Salt Lake City, UT,
u0919412@utah.edu

Many traditionalmeasures of site response rely on separate characterization for each
individual site. However, with dense seismic array data becoming more available,
it is becoming feasible to make use of these array data to jointly estimate site
amplification at all stations.Here,we discuss onemethod for such a joint estimation.
Our methodology, which relies on Rayleigh waves approximately satisfying the 2D
wave equation, takes measurements of the amplitudes and travel times of Rayleigh
wavefields and decomposes these fields into wave propagation terms and local
amplification terms. This method accounts for amplitude differences caused by
complex wave propagation and therefore provides an estimate of local site response
that is minimally biased by distant 3D structure. Further, these terms represent
direct observations of the amplitude variations across the region, and do not
require inverting for complicated 3Dvelocitymodels or the use ofwave propagation
simulations. The technique can be applied to both earthquake and ambient noise
correlation data, and we show results applied to a number of different arrays that
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span a wide range of spatial and temporal scales. At the small scale, we analyze
data from the 5000-component Long Beach array and 2500-component Santa Fe
Springs array in the densely populated Los Angeles Basin, and show that the array
data show significant variability in site response over spatial scales of a few hundred
meters. At the large scale, we analyze longer period (5 100 s) data from USArray,
which also show significant variability in long-period site response over distances of
hundreds of km.

The Importance of the Elastic Half Space Assumption in Site Response
Analysis
CABAS, A., Virginia Tech, Blacksburg, VA, amcabas@vt.edu; RODRIGUEZ-
MAREK, A., Virginia Tech, Blacksburg, VA, adrianrm@vt.edu; GREEN, R. A.,
Virginia Tech, Blacksburg, VA, rugreen@vt.edu

The influence of local soil conditions on the nature of earthquake damage has
been recognized by seismologists and engineers for many years, especially after the
Mexico City and Loma Prieta seismic events in 1985 and 1989, respectively. One
of the fundamental decisions when conducting an equivalent linear site response
analysis involves the determination of the depth and characteristics of the elastic
half space (EHS). This boundary condition is usually defined at bedrock level and
implies that the portion of the energy of downward-propagating seismic waves that
are refracted into the EHS will be completely absorbed by the rock mass. Thus,
the waves reflected from deeper material boundaries in the actual geologic profile
are not considered in the numerical site response. For sites where a strong soil-rock
impedance contrast is present, the EHS is typically set at this depth, with the EHS
shear wave velocity often assumed to be approximately 800 m/s in the western US
and approximately 3000 m/s in the eastern US. However, a case history of a site
in the US that has significant shear wave velocity reversals (as a result of multiple
sequences of basalt flows and sedimentary interbeds) will be presented to show that
for less usual profiles, the determination of the EHS depth and characteristics is no
longer intuitive nor trivial. In fact, results from a series of 1D equivalent linear site
response analyses performed for the site, reveal that just the presence of a strong
impedance contrast is not enough for determining the appropriate EHS depth in
the numerical analyses. A parametric study is conducted to investigate which factors
have the strongest influence on the EHS assumption.

Site Response Mapping with Fewer Proxies
THOMPSON, E. M., San Diego State University, San Diego, CA, ethompson@
mail.sdsu.edu; WALD, D. J., USGS, Golden, CO, wald@usgs.gov

Site response is frequently estimated through empirical correlations with the time-
averaged shear-wave velocity to 30 m (Vs30), and empirical correlations have
been developed to predict Vs30 from mapped quantities such as surface geology,
topographic slope, or terrain. This creates an unnecessary ‘‘weak link’’ in the site
response map, which we eliminate by correlating empirical amplification function
(EAFs) directly to surface geology and topographic slope. By eliminating the
unnecessary link of Vs30 between the mapped proxy and site amplification, we
eliminate some uncertainty in the site response map. An additional benefit of
focusing on EAFs is to achieve the best possible estimate of the site response at
strong motion stations; site-specific EAFs at stations that have recorded numerous
groundmotions reflect the actual site response rather than approximations based on
Vs30or the correlations ofEAFs.Thiswill be particularly useful for ShakeMapwhen
correcting recordedmotions to reference rockmotions,whichareused to interpolate
between stations. The use of EAFs for correcting recordings to rock conditions
will improve the underlying rock reference layer of ShakeMap, which is currently
estimated from recorded ground motions that are adjusted to rock conditions with
Vs30-based corrections. Estimating nonlinearity is a key challenge to employing
EAFs for larger ground motions. To address this, we select the representative Vs30,
which is the Vs30 that minimizes the misfit between the EAF and the empirical site
response equations. The representative Vs30 then determines the nonlinear factors
that modify the EAFs for large-amplitude motions.

Validation of Site-Specific Response Models using KIK-Net Ground Motion
Recordings
SHI, J.,GeorgiaTech,Atlanta,GA, shijian@gatech.edu;ASSIMAKI, D.,Georgia
Tech, Atlanta, GA, dominic@gatech.edu

Our ability to predict site response in regional ground motion simulations is
constrained to a large extent by the scarcity of velocity profiles. To overcome this
issue, site response is accounted for in terms of trends, parameterized by site stiffness
proxies such as Vs,30. This approach is adequate for broadband ground motion
models that capture high-frequency (>1Hz) components that is, the frequencies
mostly affected by site response in terms of trends as well. Physics-based ground
motion simulations, however, provide deterministic predictions of broadband time-
series that cannot be corrected for site response by means of spectral amplification

ratios. To validate the high-frequency predictive capabilities of these models, it is
important to account for the fine resolution of the geotechnical layers, and for
the nonlinear effects of these layers in the time domain. In this talk, we present
a validation study of four 1D site-specific response models that can be used to
modify ground motion time-series for seismic wave amplification in layered media.
We test both linear frequency-domain and nonlinear time-domain solutions on the
site scale, by comparing surface predictions to observations at 30 KIK-Net stations
that have recorded several strong events, including the 2011 Tohoku earthquake.
Velocity profiles are used as the only input to allmodels, while additional parameters
such as quality factor, density and nonlinear dynamic soil properties are estimated
from empirical geotechnical engineering correlations. Thus, differences in site-
specific response predictions are attributed to the model capabilities rather than
to differences in input parameters. We use validation metrics that are of interest
in both seismology and engineering, including bias ratios of peak ground response
and visual comparisons of elastic spectra, on the one hand, and inelastic to elastic
deformation ratio for multiple ductility ratios, on the other hand.

Site Effects in Concepcion Basin: Geometry and Amplification from Gravity
and Microtremors
MONTALVA, G. A., University of Concepcion, Concepcion, Bio-Bio, Chile,
gmontalva@udec.cl; CHAVEZ-GARCIA, F. J., Instituto de Ingenieria, UNAM,
CiudadUniversitaria,MexicoDF,Mexico,paco@pumas.ii.unam.mx; TASSARA,
A., University of Concepcion, Concepcion, Bio-Bio, Chile, andrestassara@udec.cl;
JARA, D., University of Concepcion, Concepcion, Bio-Bio, Chile, dariojara@
udec.cl

The city of Concepcion suffered significant damage during the February 27, 2010,
great Maule earthquake. The magnitude of that event was evidently a major factor.
However, observed damage distribution in the city was irregular and not related
in a straightforward manner to construction quality. Site effects are suspected to
be a major factor. However, during the main shock only two seismic records were
obtained in the area. In this paper, we present a site effects study of Concepcion.We
gathered available information related to site response and subsoil structure. This
includes: geologic history and interpretation regarding the basin structure, gravity
measurements, and previous seismic noise studies using both single measurements
and array of stations. In addition, we performed microtremor measurements. The
data were analyzed using the standard horizontal-to-vertical spectral ratios (HVSR)
for single station records, and SPACand seismic interferometry for data fromarrays.
The first results consist of a dominant period and maximum amplification maps
derived fromHVSR.We show that, in the case of Concepcion, amplification values
derived fromHVSR are significant and useful to understand site effects. Dominant
period shows an excellent correlation with the basin structure derived from gravity
measurements, suggesting that site effects are governed by the impedance contrast
between the sediments and the underlying basement, and that sediments spatial
variability is relatively low. Array microtremor measurements allowed estimating
shear wave velocity profiles in the sediments. Preliminary simulations are in good
agreementwith amplitude estimates fromHVSR.Our resultswill be used to explore
the relation between damage distribution during the Maule earthquake with the
variability of ground motion due to the irregular subsoil structure.

PRENOLIN Project: A Benchmark on Numerical Simulation of 1-D Non-Linear
Site Effect. 1 Site Selection for the Validation Phase
REGNIER, J., CEREMA, DTer Méditerranée, Nice, France, julie.regnier@
cerema.fr; KAWASE, H., DPRI, Kyoto, Japan, kawase.hiroshi.6x@kyoto-
u.ac.jp; BONILLA, L. F., Université Paris-Est, IFSTTAR, Marne-La-Vallée,
France, luis-fabian.bonilla-hidalgo@ifsttar.fr; BARD, P. Y., ISTerre, Grenoble,
France, pierre-yves.bard@ujf-grenoble.fr; BERTRAND, E., CEREMA, DTer
Méditerranée, Nice, France, etienne.bertrand@cerema.fr; HOLLENDER, F.,
CEA, ISTerre, Cadarache, France, fabrice.hollender@cea.fr; SICILIA, D., EDF,
Aix-en-Provence, France, deborah.sicilia@edf.fr; NOZU, A., PARI, Yokosuka,
Japan, nozu@pari.go.jp

Themainobjective of thePRENOLINproject is the assessment of the uncertainties
associated to non-linear simulation of 1D site effects. An international benchmark
is underway to test several numerical codes including various non-linear behavior
models to compute the non-linear seismic site response. A preliminary verification
phase (i.e. comparison between numerical codes on simple, idealistic cases) will
be followed by a validation phase comparing the predictions of such numerical
estimations with actual strong motion recordings obtained on well-known sites.
The benchmark presently involves 23 different teams and 28 different non-
linear computations.

The site selection for the validation phase has been done within the KiK-
net and the PARI (Port and AirPort Research Institute) Japanese networks. The
purpose of this presentation is to detail and discuss the criteria that were used for
this slection: (1) Sites must have recorded strong and weak events. (2) Sites must
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have a 1-D geometrical configuration (i.e., horizontal layering): in the linear range
the numerical and instrumental site responsemust agree. (3) The down-hole station
must not be too far from the surface (depth<250m). (4) the sites must have a large
non-linear soil behavior and preferentially not associated to pore pressure effects
(such as cyclic mobility or liquefaction) to allow the consideration of total stress
numerical codes and (5) the local conditions should allow to drill complementary
holes tomeasure the actualNL.Three siteswere selected out of an initial selection of
about50:one fromKiK-net (KSRH10)andtwofromPARI(OnahamaandSendai).
Specific in-situ and laboratory tests are being performed at the selected sites to have
a complete characterization of the linear and non-linear site parameters.

PRENOLIN is part of two larger projects: SINAPS@, funded by the ANR,
theFrenchnational researchagency, andSIGMA, fundedbya consortiumofnuclear
operators (EDF, CEA, AREVA, ENL).

Analysis of Local Earthquake Data from Delaney Park Downhole Seismic
Array, Anchorage, Alaska
DUTTA, U., School of Engineering, University of Alaska Anchorage, Anchorage,
AK, udutta2@uaa.alaska.edu; THORNLEY, J. D., Golder Associates Inc.,
Anchorage, AK, john_thornley@golder.com

UndertheAdvancedNationalSeismicSystemoftheU.S.GeologicalSurvey,Delaney
Parkdownhole seismic arraywas installed in2004 tounderstand the effect of seismic
wave propagation in the near surface sediments of downtown area of Anchorage,
Alaska. Out of seven tri-axial accelerometers, one sensor is located on the surface
and other six are installed inside the boreholes at the depth of 4.5 m, 10 m, 18 m,
30 m, 45.5 m and 61 m, respectively. The accelerometers are connected with four
24-bit Quanterra Q330 digital data recording systems and the data are sampled
at 200 samples per second. To delineate 1-D layered earth structure at the array
site and to understand geotechnical properties of these layers, we have analyzed
the recorded borehole data from local earthquakes (ML= 3.5 5.0). Each recorded
data sets were first filtered using a 4-pole band-passed Butterworth filter between
0.01- 5.0 Hz. A combined implementation of reflectivity method with a global
optimization algorithm has been used to compute the response of the 1-D model.
The reflectivity method calculates the synthetic SH, SV and P- waves seismograms
at each sensor location for a given source receiver pair. The optimization algorithm
determines the optimal model parameters (e.g., P- and S-wave velocities, densities
andthicknesses)of the layeredearthmodel thatproduces syntheticwaveformswhich
‘best fit’ the observed data. The combined cross-correlation criterion between the
vertical, radial and transverse component of the data and synthetics in a specified
timewindowhas been adopted todetermine the optimalmodel.The results indicate
that the presence of 15 20m thick soft sediments (commonly known as Bootlegger
Cove Formation) with a relatively low S-wave velocity (210 270 m/sec) at a depth
around 25 m significantly amplifies the S-wave motions at the array site. However,
no reduction in P-wave velocity across this formation is noticed and thus the
amplification of the P-wave is negligible.

Lessons Learned from Conducting Seismic Site Response Analyses that
Require Explicit Consideration of the Site Attenuation Parameter
KOTTKE, A. R., Bechtel National, Inc., San Francisco, CA, akottke@bechtel.
com; HASHEMI, A., Bechtel National, Inc., San Francisco, CA, sahashem@
bechtel.com; ELKHORAIBI, T., Bechtel National, Inc., San Francisco, CA,
telkhora@bechtel.com

In response to the accidents at the Fukushima Daiichi nuclear power plants
following the 2011Great Tohoku Earthquake and subsequent tsunami, theNuclear
Regulatory Commission (NRC) established a Near Term Task Force (NTTF).
Following recommendations suggested by the NTTF, the NRC issued a 50.54(f )
letter that requested that licensees and holders of construction permits under 10
CFR Part 50 reevaluate the seismic hazard at their sites against present-day NRC
requirements.TheElectricPowerResearch Institute (EPRI)developed the ‘‘Seismic
EvaluationGuidance: Screening,Prioritizationand ImplementationDetails (SPID)
for the Resolution of Fukushima Near-Term Task Force Recommendation 2.1:
Seismic’’ document, which outlines the process of evaluating seismic site response
for nuclear sites and when the site attenuation parameter (κ0) should be explicitly
considered in seismic site response.

Typically,κ0 is implicitly included in the site response through consideration
of the inputmotion and layers of soil and rock.However, as the site depth increases,
the potential to exceed the expected value ofκ0 increases, and thus the contribution
of κ0 provided by the site profile (κ0) needs to be explicitly considered. We
recommend thatκ0 be measured from the acceleration transfer function computed
using small-strain linear elasticmaterial properties, insteadof evaluating the response
spectral shape of the motion. Our studies indicate that in 1D site response analysis
κ0 is dependent only on the travel time and damping of the profile, and not on the
relative differences in velocity (i.e., velocity reversals are not influential). The κ0
can then be adjusted by modifying the damping of linear material at depth, which
may result is unexpectedly small damping values.

Seismic Site Amplification in the Port Hills during the Canterbury Earthquake
Sequence: Case Study of Critical Slopes
KAISER, A. E., GNS Science, Lower Hutt, New Zealand, a.kaiser@gns.cri.nz;
HOLDEN, C., GNS Science, Lower Hutt, New Zealand; MASSEY, C., GNS
Science, Lower Hutt, New Zealand

Significant ground failure and building damage occurred in the hillside suburbs of
Christchurch during the Mw 6.2 February and Mw 6.0 June 2011 earthquakes.
Damage patterns indicate that local amplification of ground motions likely
contributed to the most severe effects. The Canterbury earthquake sequence
provides an internationally significant case study to understand the influence of
amplification effects in areas of steep topography.

We present analysis of ground motion variability in the Port Hills focussing
on a case study across a critical slope and deep-seated landslide above the suburb of
Sumner. Our observations from small-scale temporary seismometer arrays show
strong differences in ground motion polarization and amplification up to 3
times PGA over small distances (tens to hundreds of metres). Synthetic ground
motion simulation of 2D amplification effects suggests site effects result from
both topographic shape and material properties. Our results have engineering
implications, given that all sites are classed as rock under current New Zealand
design standards. At present in New Zealand such amplification effects are not
routinely taken into account when designing earthworks or structures on slopes or
in landslide risk assessments.

Calibration and Evaluation of Response Spectra in the Downtown Area of
Anchorage, Alaska
THORNLEY, J. D., Golder Associates Inc, Anchorage, AK, john_thornley@
golder.om; DUTTA, U., University of Alaska Anchorage, Anchorage, AK,
udutta2@uaa.alaska.edu;YANG,Z.,UniversityofAlaskaAnchorage,Anchorage,
AK, afzy@uaa.alaska.edu

Alaska’smost populous city, Anchorage, is locatedwithin a seismically active region
including the Pacific Megathrust subduction zone and crustal faults on the North
American Plate. A complex geology of glacial till, Bootlegger Cove Clays, and
alluvium exists within the Anchorage area. Significant damage resulted from the
response of the Bootlegger Cove Clays to the 1964 Great Alaska Earthquake.
Downtown Anchorage is located primarily in the thick deposits of the Bootlegger
Cove Clays and is susceptible to significant ground loss during a similar event.
Strong andweakmotion stations have been constructed atmore than 40 sites across
Anchorage. In addition to strong motion monitoring stations, shear wave velocity
profiles have been developed to further characterize a number of these sites. Six
sites across downtown Anchorage have been selected for model calibration and
evaluation of response spectra. In an attempt to characterize the soil response, a
one-dimensional equivalent linear model has been developed and calibrated using
measured spectral responses for ground motions of approximately 0.1g and soil
properties, including measured shear wave velocities for several sites in the vicinity
of downtown Anchorage. After calibrating the model, input ground motions from
five selected deep subduction zone earthquake groundmotions and groundmotions
measured at Anchorage’s downhole array were applied to the base of each of the
six site-specific models and the transfer functions at each site were compared.
The five selected ground motions had PGAs of between 0.3g and 0.4g. The
resulting equivalent linear models were used to evaluate the effects of ground
motion attenuation due to the alluvial soils and Bootlegger Cove formation found
in downtown Anchorage.

The results from the evaluation show the notable effect of the Bootlegger
Cove formation and alluvial sediments on the surface response to the input ground
motions.

Pillars of Simulation: Seismic Velocity andMaterialModels
Oral Session ·Wednesday · 2:15 PM · 30 April · Room 4
Session Chairs: Ricardo Taborda, Po Chen and En-Jui Lee

Seismic Wavefield Simulations of Earthquakes within a Complex Crustal
Model for Alaska
TAPE, C., U. Alaska Fairbanks, Fairbanks, AK, carltape@gi.alaska.edu

We explore the effects of two major sedimentary basins (Cook Inlet and Nenana)
on the seismic wavefield in Alaska, in preparation for an iterative tomographic
inversion using spectral-element and adjoint methods. Our 3D reference seismic
velocitymodelcontainsthreegeometrical interfaces: theMohosurface, thebasement
surfaceof the sedimentarybasins, andthe topographic surface.Thecrustal andupper
mantle tomographic model is from Eberhart-Phillips et al. (2006), but modified by
removing the uppermost slow layer and then embedding models for the two major
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sedimentary basins. Synthetic seismograms are computedusing the spectral-element
method. We quantify the accuracy of the initial 3D reference model by comparing
3D synthetics with observed data for several earthquakes originating in the crust
and underlying subducting slab.

We explore the effect of complex crustal structure on the seismic wavefield
of the 1964 Mw 9 earthquake source model of Ichinose et al. (2007), which
was obtained using geodetic data, tsunami arrival times, and teleseismic P waves
recorded from the earthquake. Cook Inlet basin has a prominent effect on the
seismic wavefield in southern Alaska. This 8-km-thick sedimentary basin is situated
between Anchorage and a major portion of the ∼700-km-long rupture of the
subduction interface. The relatively large simulation region can be used to test
different scenario megathrust earthquakes as well as different models of the 1964
earthquake.

Full-3D Waveform Tomography for Crustal Structure in Southern California
using Earthquake Recordings and Ambient-Noise Green’s Functions based
on the Adjoint and the Scattering-Integral Methods
LEE, E., University of Wyoming, Laramie, WY, rickli92@gmail.com; CHEN, P.,
University of Wyoming, Laramie, WY; JORDAN, T. H., University of Southern
California, Los Angeles, CA; MAECHLING, P. J., University of Southern
California, Los Angeles, CA; DENOLLE, M., Stanford University, Stanford, CA;
BEROZA, G. C., Stanford University, Stanford, CA

We apply a unified methodology for seismic waveform analysis and inversions to
Southern California. We developed a semi-automatic seismic waveform analysis
algorithm for full-wave earthquake source parameters and tomographic inversions.
The algorithm is based on continuous wavelet transforms, a topological watershed
method, and a set of user-adjustable criteria to select usable waveform windows
for full-wave inversions. The algorithm takes advantages of time-frequency
representationsof seismogramsand is able to separate seismicphases inbothtimeand
frequency domains. The selected wave packet pairs between observed and synthetic
waveforms are then used for extracting frequency-dependent measurements, which
are used in our seismic source and structural inversions.

Our full-wave waveform tomography uses the SCEC Community Velocity
Model Version 4.0 (CVM-S4) as the initialmodel, a staggered-grid finite-difference
code to simulate seismic wave propagations. The sensitivity (Fréchet) kernels are
calculated based on the scattering integral and adjoint methods to iteratively
improve the model. We use both earthquake recordings and ambient noise Green’s
functions in our full-3D waveform tomographic inversions. To reduce errors of
earthquake sources, the epicenters and source parameters of earthquakes used in
our tomographic inversion are inverted by our full-wave CMT inversion method.
After 26 iterations, our improved model (CVM-S4.26) shows many features that
relate to the geological structures at shallow depth and contrasting velocity values
across faults. The velocity perturbations could up to 45% with respect to the initial
model in some regions and relate to some structures that do not exist in the initial
model, such as southern Great Valley. The waveform misfits reduce over 70%
when compared with that at the initial stage. The new tomography enables more
accurate physics-based seismic hazard applications and the tectonic reconstruction
of Southern California.

Validation of Physics-Based Ground Motion Earthquake Simulations Using a
Velocity Model Improved by Tomographic Inversion Results
TABORDA, R., University of Memphis, Memphis, TN, ricardo.taborda@
memphis.edu;LEE,E. J.,UniversityofWyoming,Laramie,WY,elee8@uwyo.edu;
GILL, D., Southern California Earthquake Center, Los Angeles, CA, davidgil@
usc.edu; CHEN, P., University of Wyoming, Laramie, WY, pchen@uwyo.edu;
MAECHLING, P. J., Southern California Earthquake Center, Los Angeles, CA,
maechlin@usc.edu; JORDAN, T. H., University of Southern California, Los
Angeles, CA, tjordan@usc.edu

We present validation results of a set of ground motion simulations done for the
case study of the 2008 Mw 5.4 Chino Hills earthquake using an improved version
of the Southern California Community VelocityModel (CVM-S4). The improved
versionof themodel, calledCVM-S4.26, includesperturbationsobtained froma3D
waveform tomographic inversion of the crustal structure of the region. Advances in
computational seismologyhavemade itpractical to solvegeographically large seismic
forward and inverse wave propagation problems. Inverse problems are, however,
more computationally intensive than forward simulations, so they are often done at
lower resolutions than individual forward simulations. Common regional forward
wave propagation simulations are done up to maximum frequencies as high as 4 to
5 Hz, whereas full waveform tomographic inversions are resolved at much lower
frequencies, often less than 0.5 Hz. There is an increasing scientific interest in
incorporating inversion results in higher frequency forward simulations. We have
implemented threedifferent interpolationschemes to recover informationdiscarded
from the original model (CVM-S4) prior to the inversion process, and integrate

the (coarse grid) perturbation dataset from the inversion back into the model, to
be able to create arbitrary resolution velocity meshes out of the improved model
(CVM-S4.26).We present initial results from simulations that use the new velocity
model and test the level of improvement seen in the validation of the groundmotion
synthetics for the case of the Chino Hills earthquake. Although the simulation of
a single event offers only a limited perspective about the changes seen after the
integration process, they shed light on the potential of using coarse inversion results
in high-resolution simulations for the region.

Stochastic Descriptions of Fine-Scale Basin Velocity Structure from Well
Logs and the SCEC Community Velocity Model (CVMH)
PLESCH, A., Harvard University, Cambridge, MA, andreas_plesch@
harvard.edu; SHAW, J. H., Harvard University, Cambridge, MA; SONG, X.,
University of Southern California, Los Angeles, CA; JORDAN, T. H., University
of Southern California, Los Angeles, CA

The trend of numerical wave propagation studies to higher frequencies (> 2 Hz)
has created a demand for higher resolution velocitymodels. Thus, we are developing
a statistical description of fine-scale velocity structure, informed by local borehole
observations and geological correlations, with the goal of enhancing community
models so that they can support higher-frequency simulations. We examined the
velocity (vp) structure in 108 wells across the Los Angeles basin and within a large
oil field in the same region that provides more than 400k velocity samples from 70
deviated wells. These logs sample velocity to approximately 1m scales; the field is
also constrained by 3D seismic reflection data. After trend removal and despiking,
the data show symmetric distributions of velocity variability relative to the CVMH
centered around a mean of 0% and with standard variations of 6.5% to 6.9%. The
distributions are highly non-Gaussian: the kurtoses are high with values of ca. 13 in
aggregate and up to 50 in individual wells. Using logarithmic frequencies, there is
a linear drop-off from the mean to both sides indicating a power-law distribution
of velocity variability. Second-order, but potentially important features include a
small upward curvature on the log-log plot, indicating a fatter-tailed distribution
than a simple power law, and an asymmetry in this curvature about the mean
value. Vertical correlation lengths are on the order of 80 m. Further, the dense data
sample suggests that horizontal correlation lengths are about 25 times that of vertical
correlation lengths, defining a highly anisotropic nature of basin velocity structures.
Finally, we show that lateral velocity structures are more highly correlated along
stratigraphy than in the horizontal dimension in areas of dipping beds. This suggests
that stratigraphic horizons may provide a means to guide the implementation of a
stochastic description of fine-scale velocity structure in the basin models.

Rupture Dynamics and Ground Motions from Earthquakes in Heterogeneous
Media
BYDLON, S. A., Stanford University, Stanford, CA, sbydlon@stanford.edu;
KOZDON, J. E., Naval Postgraduate School, Monterey, CA, jekozdon@nps.edu;
DUNHAM, E. M., Stanford University, Stanford, CA, edunham@stanford.edu

Our goal is to better understand the origin of complexity in the earthquake
source process, and to quantify the relative importance of source complexity
and wave scattering along the propagation path in causing incoherence of high
frequency (1 10 Hz) ground motion. In previous work, we found that off-fault
material heterogeneities (random variations in density and elastic moduli) in the
near-fault region of our dynamic rupture models have little influence on the
rupture process. Here we study how medium heterogeneity influences ground
motions in the near-source region (few tens of km from the fault). Heterogeneity
exists at all wavelengths; we perform numerical experiments to determine which
wavelengths influence seismograms. By generating a suite of media with identical
power spectral densities below some wavelength, we isolate contributions from
long-wavelength heterogeneity. The similarity of the resulting waveforms indicates
that only heterogeneities of wavelengths less than ∼100 m influence near-source
ground motions. This is because 1 10 Hz waves are appreciably scattered only by
heterogeneities at scales comparable to theirwavelength.At these shortwavelengths,
geostatistical data on material properties indicate that the power spectral density
(PSD) function follows a power law. Our findings indicate that neither standard
deviation nor correlation length alone appropriately quantify the amplitude of
medium heterogeneity, and we instead define a single amplitude factor that
specifically quantifies the power-law portion of the PSD. We also note that for
realistic levels of heterogeneity, scattering at all wavelengths has little effect on
ground motion intensity measures such as PGA, PGV, and RMS accelerations, in
the near-source region.

Couple-Stresses in Elastodynamics and Quantitative Seismology
DARGUSH, G. F., University at Buffalo, SUNY, Buffalo, NY, gdargush@
buffalo.edu; HADJESFANDIARI, A. R., University at Buffalo, SUNY, Buffalo,
NY, ah@buffalo.edu
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Nearly all of the developments in quantitative seismology have at their roots the
fundamental concepts of force-stresses and force-tractions, as first presented by
Cauchy in the middle of the 19th century. At that time, Cauchy had in mind
an underlying atomistic model having only central forces. As a result, he was able
to eliminate the need for couple-stresses and couple-tractions in constructing his
elemental stressed tetrahedron. We now recognize, of course, that the atomistic
world is farmore complicated. Even prior to the twentieth century, Voigt postulated
the existence of non-central forces and couple-stresses. However, a fully consistent
continuum theory incorporating these ideas has been difficult to realize.

What would be the effect of introducing couple-stresses and couple-tractions
into elasticity theory?Within the field of quantitative seismology, wemight ask the
following.What impact would this have on wave propagation?Would there be any
consequences for fracture mechanics?

Inthispaper,weexplorethesequestionswithinthecontextofconsistentcouple
stress theory, as developed recently in Hadjesfandiari and Dargush (2011, 2012,
2013). This theory resolves long-standing issues of indeterminacy, which plague
previous theories, by demonstrating that the couple-stress tensor is skew-symmetric,
along with its energy conjugate deformationmeasure, themean curvature tensor. In
general, we find that angular momentum balance has a much more important role
in this theory and that wave propagation and crack tip mechanics may be affected
significantly. The paper begins with a brief overview of this new theory and then
focuses on these two fundamental problems.

Physical Characterization of Seismic Attenuation in Earth Models
MOROZOV, I. B., University of Saskatchewan, Saskatoon, SK, Canada, igor.
morozov@usask.ca

Seismic attenuation represents an important part ofEarth’smodels at all scales, from
lab experiments with rock samples and engineering applications to mantle flows,
free oscillations of the whole Earth, and tides. At present, all attenuation models
are formulated in terms of the quality factor (Q), which is a specialized property
attributed to the materials in order to explain the internal friction occurring
during deformation. Special ‘principles’ for solving attenuating-wave problems
(Boltzmann’s and correspondence principles) and rules for their implementation
in numerical modeling (such as memory variables) are constructed to implement
this model. However, these principles do not automatically agree with physics. The
Q factor is a phenomenological property that may not always successfully represent
all aspects of internal friction. Examples where the Q model can be problematic
include: 1) distribution of frictional stresses in poroelastic media, 2) conservation
of energy in surface waves, and 3) zero attenuation within the liquid outer core.
To resolve such problems, we do not rely on the Q and the associated viscoelastic
‘principles’ and propose direct use of physical laws, such as the solid and fluid
viscosity, thermoelasticity, poroelasticity, and other. This approach was used in
early attenuation studies by Jeffreys, Knopoff, and Ricker, and it readily follows
from classical continuum mechanics and thermodynamics. Time-integral relations
for ‘material memory’ are replaced with instantaneous differential equations
including frictional forces, and the ‘frequency dependences of Q’ are explained by
the dependences of physical mechanisms (such as viscosity) on strains and strain
rates. This approach guarantees causality and conservation of energy, and it is
naturally implemented in finite-difference (FD) and finite-element algorithms.
The approach is illustrated on FDmodeling of wave propagation in a mediumwith
nonlinear viscosity.

Anelastic Attenuation and Elastic Scattering Models of the Los Angeles
Region for Use in Earthquake Simulations
SONG, X., University of Southern California, Los Angeles, CA, xinsong@usc.
edu; JORDAN, University of Southern California, Los Angeles, CA, tjordan@
usc.edu

The accuracy of earthquake simulations needed for physics-based seismic hazard
analysis depends on good information about crustal structure. As the frequencies
increase, seismic wave attenuation becomes more important. We compare
attenuation models that have been recently used in the CyberShake hazard model
(Graves et al., 2011) and other simulation studies for the Los Angeles region (Olsen
et al., 2009; Taborda & Bielak, 2013) with constraints from local earthquake data
out to 10 Hz, which include those from Hauksson & Shearer’s (2006) attenuation
tomography as well as our own measurements. We show that the velocity-
attenuation scaling relationship for shear waves employed by CyberShake (QS =
50VS ) provides a good approximation to the average crustal structure at f = 0.3
Hz, but it does not capture the lateral variations inQS at shallow depths.Moreover,
this frequency-independentmodel is inconsistentwith the highQS values observed
throughoutmost of the crust at f > 1Hz. The data indicate a frequency-dependent
attenuation of the form QS ∼ f γ , where 0.5 = γ = 0.8. Anomalously low QS

factors are observed at very shallowdepths,which canbe explainedby a combination
of anelastic attenuation and elastic scattering. The scattering parameters are roughly

consistent with small-scale, near-surface heterogeneities observed in well-logs and
seismic reflection surveys in the Los Angeles basin. Observation of small-scale
heterogeneities fromwell-log shows strongnon-Gaussiandistribution(A.Plesch&J.
Shaw), so scatteringeffectonattenuationmustbedescribedbyusingaNon-Gaussian
model. We summarize the observations in a new attenuation and scattering model
for theCyberShake region that is laterally heterogeneous and frequency dependent.

Regional Phase Attenuation in the Iranian Plateau and Surrounding Regions
SANDVOL, E., University ofMissouri, ColumbiaMO, sandvole@missouri.edu;
KAVIANI, A., Goethe University of Frankfurt, Frankfurt, Germany, Kaviani@
geophysik.uni-frankfurt.de; KU, W., University of Missouri, Columbia MO,
wkb57@mail.missouri.edu; GOK, R., Lawrence Livermore National Laboratory,
Livermore, CA, gok1@llnl.gov

We have constructed and validated regional wave (Pg, Sn, and Lg) attenuation
models for the crust and upper mantle throughout the Iranian plateau and
surrounding regions. This research has increased ray path coverage of critical areas
andhelp to create robust regional phase amplitude and attenuationmodels.Wehave
recently combined our Iranian data set that with our existing Middle Eastern Lg
waveformdatabase.Together, these twodata sets give us reasonably good coverage of
the northern Middle East using both a two station and reverse two station (RTM)
attenuation measurements. Furthermore, using the RTM measurements we have
been able to effectively isolate the site excitation terms across the northern Middle
East.These termshavedemonstrated inpartwherewehaveproblemswiththe station
instrument response and in other regions where we have anomalous amplification
of high frequency waves due to local geology.We have also processed Pg waveforms
in order to obtain robust estimates of Qp in the crust within the Iranian plateau.
In general we have found a good correlation between Lg and Pg Q values with the
exception of northwestern most Iran.

We have also developed an Sn attenuation model using two station
measurements of Q for long period Sn (0.5 to 0.1 Hz) and for high frequency
Sn (0.5 to 2 Hz). The Sn Attenuation Tomographic models at low frequency (0.3
Hz) and high frequency (2 Hz) are somewhat different across the northern Zagros
which is consistentwithPwave tomography results.Thisdifference canbe explained
by the high frequency Sn travelingmore as a true headwave along theMoho and the
low frequency Sn dives down to depths of 100 to 150 km in the uppermost mantle.

Finite-frequency Sensitivity of Seismic Waves to Fault Zone Structures
ALLAM, A. A., Scripps Institute of Oceanography, La Jolla, CA, aallam@ucsd.
edu; TAPE, C., University of Alaska Fairbanks, Fairbanks, AK, carltape@gi.
alaska.edu; BEN-ZION, Y., University of Southern California, Los Angeles, CA,
benzion@usc.edu

We analyze the volumetric sensitivity of fault zone seismic head and trapped waves
by constructing finite-frequency Fréchet kernels for these phases based on idealized
and realistic velocity models. We first validate numerical calculations by waveform
comparisons with analytical results for a model with a bimaterial fault interface
separating different elastic solids. After establishing numerical accuracy up to 10Hz,
we construct sensitivity kernels for a ‘vertical sandwich’ model where a narrow
low-velocity region is surrounded on either side by a higher velocity material, along
with a suite of velocity models based on detailed tomographic results from the San
Jacinto Fault Zone. In contrast to P body waves, which have little or no sensitivity
to fault zone structure, the sensitivity kernels for head waves have sharp peaks with
high values near the fault in the faster medium. Surface wave kernels show the
broadest spatial distribution of sensitivity, while trapped wave kernels are extremely
narrow with sensitivity focused entirely inside the low-velocity fault zone layer.
Taken together, these phases contain complementary information about fault zone
and regional velocity structure.These results indicate that adjoint tomographyusing
high-frequency head and trapped waves kernels, combined with traditional body
and surface wave kernels, can constrain fault zone structure at higher range of scales
than has previously been possible.

Cold Climate Installation Techniques and Instrumentation
Developments for Temporary and Long-TermNetworks
Oral Session ·Wednesday · 8:30 AM · 30 April · Room 7/8
Session Chairs: Bruce Beaudoin and Christopher Bruton

Cold, Wet Seismology: Lessons from Instrumenting Temperate Glaciers
ONEEL, S., US Geological Survey, Alaska Science Center, Anchorage, AK,
soneel@usgs.gov; LARSEN, C. F., University of Alaska Fairbanks, Fairbanks,
AK, chris.larsen@gi.alaska.edu; WEST, M. E., University of Alaska
Fairbanks, Fairbanks, AK, mewest@alaska.edu; BARTHOLOMAUS, T. C.,
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University of Texas Institute for Geophysics, Austin, TX, tbartholomaus@
gi.alaska.edu; PARKER, T., PASSCAL, Socorro, NM, tparker@passcal.
nmt.edu; AMUNDSON, J., University of Alaska Southeast, Juneau AK,
jason.amundson@uas.alaska.edu; WALTER, J., University of Texas Institute for
Geophysics, Austin, TX, jwalter@gatech.edu

In the past decade, glaciology has seen resurgence in the use of passive seismology to
investigate ice dynamics. Seismology has been particularly useful in elucidating
the mechanics of iceberg calving which presents a large knowledge gap in
understanding future changes in global sea level. Unstable calving margins are
characterized by rapid ice flow, extreme deformation, massive failure events, and
remote locations, all of which challenge traditional instrumentation methods. Even
at substantial distance from calving margins, where deformation presents less of
a problem, mitigating installations under Alaskan weather conditions presents a
formidable challenge. It is common for installation sites to receive upwards of 4 m
water equivalent snowfallduringwinter, followedby8mwater equivalentof summer
melt. Maintaining operational conditions for sensors, especially those deployed in
ice, hasproven tobe an iterativeprocess. In this presentationwewill highlight lessons
learned in site geometry, power systems, deployment strategy, and complimentary
measurements to better aid future experiments in polar and sub-polar environments.

Maximizing the Scientific Utility of Broadband Data from Polar Regions
NETTLES, M., LDEO, Columbia University, Palisades, NY

Recent advances in engineering for power systems, enclosures, and communications
by individual investigators and community facilities have made possible the year-
round operation of seismometer systems at high polar latitudes. These advances
open possibilities for both temporary and long-term observing in remote regions
not previously accessible to seismologists, but potentially of great scientific value.
Logistics and equipment costs are typically high in such settings, and the costs
must be justified by the quality and value of the data returned. Data completeness
and integrity, metadata validity, and signal quality are affected by seismic-system
engineering and deployment strategies, which trade off with logistics limitations.
Here, we consider the effect of such engineering and deployment strategies on data
quality, with examples from temporary and long-term seismic deployments, as well
as lessons learned from deployments of polar geodetic instrumentation.

Polar Seismology: Engineered Solutions from the IRIS/PASSCAL Instrument
Center
PARKER, T., IRIS/PASSCAL Instrument Center, Socorro, NM, tparker@
passcal.nmt.edu; CARPENTER, P., IRIS/PASSCAL Instrument Center,
Socorro, NM, pcarpenter@passcal.nmt.edu; BEAUDOIN, B., IRIS/PASSCAL
Instrument Center, Socorro, NM, bruce@passcal.nmt.edu

The IRIS/PASSCAL Instrument Center at New Mexico Tech established a
directed effort to address the complexities of deploying seismic equipment in
Polar environments in 2006. A joint NSF MRI with UNAVCO to develop
power and communications solutions for Antarctic deployments initially funded
the effort. This development focused on: dual primary/secondary battery power
systems, enclosures to maintain temperatures within the equipment’s operating
specifications, Iridium communications for state-of-health, minimizing logistics,
and working with manufacturers to encourage the development of purpose-built
equipment for Polar environments. These early efforts realized increases in data
return for year arounddeployments fromroughly 50% toover 90%.With continued
NSF support, IRIS/PASSCALhas been able to continue to refine andmodify these
early designs and enhance PI success. Coupled with this continued development is
a new generation of equipment that is more suited to the Polar environment. Our
presentationwill highlight both IRIS/PASSCAL’s current engineered solutions for
Polar environments and explore future directions in light of emerging technologies.

Ongoing Developments in the Plate Boundary Observatory Alaska Network:
Testing New Telemetry and Power Options for Improving Station Robustness
BOYCE, E., UNAVCO, Inc., Fairbanks, AK, boyce@unavco.org; ENDERS, M.,
UNAVCO, Inc., Anchorage, AK, enders@unavco.org; BIERMA, R., UNAVCO,
Inc., Anchorage, AK, bierma@unavco.org; FEAUX, K., UNAVCO, Inc., Boulder,
CO, kfeaux@unavco.org; MATTIOLI, G. S., UNAVCO, Inc., Boulder, CO,
mattioli@unavco.org

The Alaska component of the NSF-funded Plate Boundary Observatory network
(PBO-AK), operated and maintained year-round by UNAVCO, consists of 138
continuous GPS stations, 12 co-located tiltmeters, and 41 telemetry relay stations
spread across the state. Most PBO-AK stations have a telemetry system, which
allows for daily data downloads and remote state-of-health monitoring under
normal operating conditions. Over the initial 5-year operations and maintenance
phase, greater than 95% of possible GPS data have been recovered from PBO-AK.

During this period, station robustness and data recovery rates have increased, while
latencieshavegenerallydecreased.These trendsmaybeattributedto improvementof
power, telemetry, and equipment enclosure designs, as well as PBO staff’s increasing
experience in the logistics of working in Alaska’s diverse field environments.

We present several case studies of successful and failed strategies to develop
a robust, low-maintenance system for deployment in the wide range of climate
regimes experienced throughout Alaska. Recent projects include the operation of
3 EFOY methanol fuel cells, replacement of VSAT terminals with more wind-
and animal-resistant Inmarsat BGAN equipment, testing of QuadLS web relays,
and installation of a cold-rated DSL modem in Interior Alaska. Operation of the
PBO-AKnetwork also frequently includes addressing changes implementedby ISPs
and equipmentmanufacturers, whichmay have positive and/or negative impacts on
system performance.

Extensive experience in the logistics of supporting small team fieldwork in
Alaska has improved our efficiency and lowered risk levels (with respect to team
safety and accurate budgeting) for network operations. Recent cross-training of
PBO-AKstaffwithUNAVCO’sPolar grouphasprovidedopportunities to evaluate
the applicability of polar station design concepts to sub-arctic continuous GPS
systems around Alaska.

Tracking Telemetry State of Health with Nagios
BRUTON, C. P., Alaska Earthquake Center, Fairbanks, AK, cpbruton@alaska.
edu

The Alaska Earthquake Center maintains over 150 real-time seismic stations in
Alaska, supported by a vast telemetry network spanning thousands of miles and
including more than 300 individual IP-addressable devices such as radios, routers,
andmodems. Because of the cost and difficulty of accessingmost field locations, it is
important to closely monitor communications equipment remotely. This makes it
easier to diagnose station outages if they occur, and even provide advanced warning
of potential telemetry problems.

In November 2013 we established a monitoring system using Nagios, an
open-source network monitoring software package. Our Nagios setup checks ping
response times to IP-addressable devices on our network. In addition, it uses SNMP
queries to obtain extra information provided by certain devices. In particular, we
monitor voltage, temperature, signal-noise, and reflected power on most of the
radios on our network. Tracking this information over time is critical in evaluating
radio link performance, and will allow us to better focus our maintenance efforts
during the short Alaskan field season.

Development of Next Generation FieldMethods for
Portable Broadband Seismic Arrays
Oral Session ·Wednesday · 10:45 AM · 30 April · Room 7/8
Session Chairs: Timothy Parker and David E. Hawthorn

NormalModes: InvestigatingSignal andNoisePhenomenaAcross Instrument
Types and Deployment
HELLWEG,M., UC Berkeley Seismological Lab, Berkeley, CA, peggy@
seismo.berkeley.edu; ARAKI, E., JAMSTEC, Yokohama, Japan, araki@
jamstec.go.jp; RADEMACHER, H., Guralp Systems Ltd, Aldermaston,
UK, hrademacher@guralp.com; TAIRA, T., UC Berkeley Seismological Lab,
Berkeley, CA, taira@seismo.berkeley.edu; UHRHAMMER, R. A., UCBerkeley
Seismological Lab, Berkeley, CA, bob@seismo.berkeley.edu; MCGOWAN, M.
G., Guralp Systems Ltd, Aldermaston, UK,mmcgowan@guralp.com

Whether a seismic signal in a certain frequency band can be detected in a recording
depends primarily on four factors: the amplitude of the signal at the site, the
conditions at the site which affect the ambient noise in that band, the sensitivity
and self-noise of the sensor in the band, as well as the sensitivity and self-noise in the
digitizer in the band. For the very long period band, between 1.0 and 5.5 mHz, the
normal modes provide an excellent signal for exploring the effects of the latter three
contributions, since after a large or great earthquake, their amplitudes are similar all
over the earth. In the past, observatory equipment in an observatory setting were
required to observe them. We observed normal modes in the 1.0 5.5 mHz band
with good signal-to-noise ratio in the aftermath of theMw 8.3 Sea of Okhotsk deep
earthquake on 24 May 2013 at many stations of the Berkeley Digital Seismograph
Network andat other stations inothernetworks.They are equippedwith a variety of
sensors, including thosewith a flat passband extending to frequencies lower than the
normalmodes, anddigitizers.They are alsodeployed in a variety of geologic settings,
including cabled ocean bottom stations, like MOBB in California, the Japanese
cabled ‘‘Dense Ocean-Network for Earthquake and Tsunamis (DONET)’’ and
the IODP seafloor borehole in the south of Japan. The sites have varying physical
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infrastructure and site preparation. We explore the factors contributing to the
observation of the normal modes on vertical and horizontal components at a suite
of amplitudes of excitation (based on recent earthquakes with magnitudes between
7 and 8.3). Signal-to-noise ratios for the normal modes are seen to vary more by
deployment type and location than by instrumentation.

An Analysis of the Tradeoffs Between Seismometer Performance and
Convenience
SPRIGGS, N., Nanometrics Inc., Kanata, ON, Canada, NeilSpriggs@
nanometrics.ca; GREIG, D. W., Nanometrics Inc., Kanata, ON, Canada,
WesGreig@nanometrics.ca

There are a multitude of different broadband seismometers of varying periods and
performance specifications. Scientists often have the unenviable task of selecting the
best equipment to suit a broad range of applications. We provide a high level view
of some of tradeoffs available to the sensor design team that directly impact the
utility of the final product.We further review the importance of these specifications
with respect to selected use cases and give examples demonstrating where tradeoffs
in certain performance specifications can pay dividends in ease of deployment
and numbers deployed. We consider an example in an oil and gas exploration
setting. The network was deployed with the mandate of detection and location of
magnitude 1 to 4 events within a localized zone (20 km). The deployed network
of 20 second broadband seismometers is able to fully meet the objectives of the
network. The increased tilt tolerance and reduced size of the 20 second instruments
greatly simplified the installation process. Furthermore, we find that the switch to
120 second period seismometers provides little or no benefit in the context of the
goals of the network. In this instance the added utility of the smaller 20 second
instrument outweighed the performance gains of the larger 120 second instrument.
Weconcludethattheseismometerwiththe lowestnoise floorandbroadest frequency
band is not always the best choice of instrument.

What Should I Do with the S13? - Or Better: How to Teach New Tricks to an
Old Dog
BRAUN, T., INGV - Seismological Observatory, Arezzo, Italy, thomas.braun@
ingv.it; ROMEO, G., Istituto Nazionale di Geofisica e Vulcanologia, Roma,
Italy, giovanni.romeo@ingv.it; SPINELLI, G., Istituto Nazionale di Geofisica e
Vulcanologia, Roma, Italy, giuseppe.spinelli@ingv.it

The Geotech S13 is the shortperiod standard seismometer that contributed
significantly to themain achievements of classical seismology.More than 4500 S13-
sensors are trembling since more than three decades on behalf of earth sciences for
monitoring and researchpurposes. Besides a impeccablemechanicalmanufacturing,
the 5 kg mass makes the S13 insensitive for thermal noise and convective currents
inside the housing.

The inventionof thebroadband-seismometer terminated the strictdistinction
between short-period and long-period instruments and let become not only the S13
seismometer often disused.

Therefore we decided to prescribe a rejuvenation cure to this old ‘dog’. The
high generator constant allows to apply a strong overdamping of the electronic
circuit, a method introduced 1983 by Lippmann and Gebrande.

ALippmann-style seismometer uses a single-coil velocity-feedbackmethod to
extend its transfer function to lower frequencies. Strong seismic signalsmay saturate
the electronics, sometimes leading to signal clipping or producing the characteristic
‘whale-shaped’ transient. This behavior may be avoided by applying a negative
resistor front end, that can be tailored such that it allows the enhanced S13 to work
like a strong-motion velocimeter, thus preventing saturation.

Some months after the devastating 2009 L’Aquila earthquake (Mw=6.3),
we installed at Onna, in the epicentral, area a triplet of extended S13-sensors in a
especially constructed seismometer vault. Laboratory simulations and more than 3
years of data allow us to conclude, that new tricks have been succesfully taught to
the old dog, called S13.

A Microseism Catalog Based on Broadband Data from the US Transportable
Array
SUFRI, O.,Dept. ofGeology&Geophysics,University ofUtah, SaltLakeCity,UT,
oner.sufri@utah.edu; KOPER,K.D.,Dept. ofGeology&Geophysics, University
of Utah, Salt Lake City, UT, koper@seis.utah.edu; BURLACU, R., University of
Utah Seismograph Station, Salt Lake City, UT, burlacu@seis.utah.edu

We analyzed and catalogued microseisms recorded in the western United States by
Earthscope Transportable Array (TA) broadband stations during the year of 2009.
Weused eigen-decomposition of spectralmatrices to extract power and polarization
information for each hour of data recorded at each seismometer. The time- and
frequency-dependent results were visualized using spectrograms and geographical
animations. Individual microseismic arrivals were identified from array-averaged

spectrograms and were cataloged according to several metrics, including initiation
time, duration, peak power, average power, dominant period, temporal variation
in period (dispersion), degree of polarization, and azimuthal orientation of the
polarization ellipsoid. Over 63 distinct microseismic events were identified. The
longest duration microseismic signal occurred for more than 250 hours and was
associated with the passage of Hurricane Bill in the Atlantic Ocean. The most
powerful signal was recorded with a dominant period near 5-sec on December
30, and resulted from wave action associated with an unnamed storm in the
North Atlantic Ocean. The seismic observations were compared to excitation
predictions computed with the power spectral density of the equivalent pressure
generated by the ocean gravity waves using the WAVEWATCH-III ocean wave
model. Microseismic excitation predictions were calculated both with and without
coastline reflections. Relationships between the microseismic observations and the
oceanographic predictions will be presented.

A Ground-Truth Mine Monitoring System
TAYLOR, S. R., Rocky Mountain Geophysics, Los Alamos, NM, srt-rmg@
comcast.net; JARPE, S. P., Jarpe Data Solutions, Prescott Valley, AZ, jarpe@
pobox.com; HARBEN, P. E., Rocky Mountain Geophysics, Los Alamos, NM,
philip.harben@gmail.com;HARRIS,D.B.,DeschutesSignalProcessing,Maupin,
OR, oregondsp@gmail.com

A Ground Truth Mine Monitoring System (GTMS) is currently being developed
under a DOE Phase II SBIR entitled ‘Development of Mine Explosions Ground
Truth Sensors;. The concept behind the SBIR is to develop an inexpensive,
compact seismo/acoustic system that is simple to deploy and can be mailed to
an institution for placement near mines that conduct large explosions. The ground-
truthdataprovidedby theGTMScanbeused tocalibrate regionalnuclear-explosion
monitoring networks. An on-board processor allows for single-station estimation
of location, origin time and magnitude (yield) and signal diagnostic parameter
data that is transmitted back to a Ground Truth Processing Center (GTPC) via
two-wayORBCOMMsatellitecommunications.Two-waysatellitecommunication
allows for deployment in remote regions and the possibility of limited waveform
transmission that can be used to tune on-board processing parameters. Continuous
or event-detected data is kept on two removable flash SD cards of up to 64+Gbytes
each. Low-power consumption allows for autonomous operation using only a 10
watt solar panel and a gel-cell battery. The GTMS has been successfully tested
for long-term (> 6 months) remote operations over a wide range of environments
including summer in Arizona to winter above 9000’ in the mountains of southern
Colorado.

On-boardprocessing isbeingdeveloped that includesdetectors,Pandacoustic
wave phase picking, back azimuth estimation andmagnitude (yield) estimates from
coda waves and acoustic signals. A specialized leading edge picking algorithm has
been developed to remove late bias from STA/LTA picks. A single-station Bayesian
location algorithm is being developed that combines prior information on mine
location with P and acoustic wave arrival time picks and P-wave back azimuth.
A matched filter has been developed to obtain explosion yield estimates from
automated impulse per unit area measurements.

Emergence of Continuously Recording Very Large Array
Capabilities in Seismology
Oral Session ·Wednesday · 2:15 PM · 30 April · Room 7/8
Session Chairs: Rick Aster and James Gridley

Back-Projection Imaging of Aftershocks Recorded by the Dense AIDA Array
After the 2011 Virginia Earthquake
HOLE, J. A., Virginia Tech, Blacksburg, VA, hole@vt.edu; WANG, K., Virginia
Tech, Blacksburg, VA, wkai83@vt.edu; DAVENPORT, K. K., Virginia Tech,
Blacksburg, VA, kdavenport@vt.edu; CHAPMAN, M. C., Virginia Tech,
Blacksburg, VA, mcc@vt.edu; BESKARDES, G. D., Virginia Tech, Blacksburg,
VA, didem@vt.edu; QUIROS, D. A., Cornell University, Ithaca, NY, daq7@
cornell.edu; BROWN, L. D., Cornell University, Ithaca, NY, ldb7@cornell.edu;
MOONEY, W. D., U. S. Geological Survey, Menlo Park, CA, mooney@usgs.
gov

Aftershock Imaging with Dense Arrays (AIDA) recorded 12 days of seismic data
following the 23August 2011magnitude 5.8 earthquake in central Virginia. AIDA
utilized short-period, vertical-component seismographs at201 locations at200 400
m spacing to drastically reduce spatial aliasing as compared to traditional aftershock
networks. Inter-station correlation enabled a visible detection threshold between
magnitude−1.5 and−2.
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Traditional local earthquake tomography with∼1 km resolution revealed a
homogeneous seismic velocity ofVp=6.2 km/s andVs=3.6 km/s in the aftershock
zone. This is consistent with the aftershocks occurring within a single crystalline-
rock terrane. Hypocenters were located with an absolute accuracy of ∼100 m
without using double difference or cross-correlation methods. The hypocenters
define a zone of seismicity that is >1 km wide, much larger than the hypocenter
accuracy, suggesting a new or immature fault zone. The fault zone is weakly concave
upwards in depth and along strike.

Reverse time migration was applied to several of the aftershocks to back-
project recorded seismic energy to the source. Events as tiny as magnitude−2 and
with signal smaller than noise were successfully imaged as point sources with∼200
m resolution. The propagation of energy release as a function of time and space
was observed for events from magnitude 2.5 to magnitude 3.7, the largest event
recorded. Slip propagated at a high speed and ruptured a relatively long distance for
the magnitude, suggesting that new fractures are being created in strong rock under
high stress. Synthetic data tests show that resolution was primarily limited by the
temporal sampling rate. Improved temporal and spatial sampling are feasible, and
would produce images with sharper resolution.

Aftershock Imaging with Dense Arrays (AIDA)
BROWN, L., Cornell University, Ithaca, NY, ldb7@cornell.e.du; HOLE, J.,
Virginia Tech, Blacksburg, VA, jhole@vt.edu; QUIROS, D., Cornell University,
Ithaca,NY,daq7@cornell.edu;DAVENPORT,K.,VirginiaTech,Blacksburg,VA,
kdavenport@vt.edu; WANG, K., Virginia Tech, Blacksburg, VA, wk83@vt.edu;
CABOLOVA,A.,CornellUniversity, Ithaca,NY,ac869@cornell.e.du;MOONEY,
W., U.S. Geological Survey, Menlo Park, CA,mooney@usgs.gov

Large-scale, dense, continuously recording areal arrays are now commonplace in oil
and gas exploration. This new technology represents a transformative technology
for the imaging and monitoring of deep structure and tectonic processes. Here
we illustrate the potential of this technology with results from pilot studies of
aftershocks from two eastern U.S. earthquakes: the magnitude Mw 5.8 August
23, 2011, in central Virginia earthquake and the Mw 4.0 October 16, 2012,
near Waterboro, Maine. Aftershocks from both were recorded using unusually
dense profiles of seismometers in what has been termed an AIDA (Aftershock
Imaging with Dense Arrays) deployment. In Virginia, over 200 recorders were
set out in the epicentral area at stations spacings of 200m to a) more precisely
determinehypocentral locationsandsourcepropertiesof theaftershockstoultra-low
magnitudes, b) more accurately define velocity structure in the aftershock zone, c)
imagegeologic structures in thehypocentral volumeusing reflectiontechniqueswith
the aftershocks serving as illumination sources, d) characterize regional propagation
characteristics and e) assess the potential of seismic interferometry for subsurface
imaging using both body and surface waves from aftershocks and ambient noise.
Key results include a) a substantial lowering of the detection threshold for very
small events, b) more precise hypocentral locations, c) determination of rupture
mechanisms for very small events, d) high resolution 3D imaging of hypocentral
volumes by both refraction and reflection methods applied to the aftershocks as
sources and 3) imaging of structure using both natural and artificial ambient noise
with surface wave and body waves.

Optimal Design of Large-Scale Seismic Array For Earthquake Source Imaging
Constrained by Waveform Coherency of USArray
MENG, L., Earth, Planetary and Space Sciences, UCLA., Los Angeles, CA,
meng@ess.ucla.edu; AMPUERO, J. P., Seismo Lab, Caltech, Pasadena,
CA

Waveform coherence across a seismic array is crucial to back-projection (BP)
earthquake source imaging. Previous work indicates thewaveform coherence decays
dramatically with inter-station distance and frequency. However, these studies
use time windows with fixed duration, which naturally degrades the coherence
at high frequency. Here, we measure the correlation coefficients of teleseismic
waveforms recorded at USArray with window lengths proportional to 1/frequency
and the same alignment procedure, filtering and window parameters adopted in
teleseismic BP for source imaging.We find the coherency is high across theUSArray
over inter-station distances >10 wavelengths and up to 5 Hz. The coherence of
large/shallow earthquakes decays faster with distance than small/deep earthquakes.
For the same earthquake, coherence falls slower along the ray-path than across it.We
explain these patterns by a finite source effect, including scattering near the source,
supported by synthetic tests. Coherence also decreases with frequency, mainly due
to the effect of signal to noise ratio. Our results suggest that coherence is not
a limiting factor for array design. The optimal design can be thus inferred from
classic array processing principles assuming perfect coherency. Aliasing is inversely
proportional to station spacing and resolution is proportional to array aperture.
BPs of the Tohoku earthquake based on different subsets of USArray show that
spacing should be at most twice the actual USArray spacing (∼150 km). As robust

array processing requires windows much longer than the wave period, the effective
temporal resolution is about 10 periods. Since the BP image averages the rupture
process within this window, the spatial resolution of the array design does not need
to be smaller than the rupture propagation distance over the window duration.
This physical resolution limit provides a constraint on the optimal aperture of the
array.

The NewWave Gradiometry Technique Applied to USArray
LIU, Y., Stony Brook University, Stony Brook, NY, johnny.lyy@gmail.com;
HOLT, W. E., Stony Brook University, Stony Brook, NY, william.holt@
stonybrook.edu

Wave gradiometry is a new technique utilizing the shape of seismic wave fields
captured by USArray transportable stations to determine fundamental wave
propagation characteristics. The horizontal and vertical wave displacements, spatial
gradients and timederivatives of displacement are linearly linkedby two coefficients,
which can be used to infer wave slowness, back azimuth, radiation pattern and
geometrical spreading. Spatial gradients of the shifted displacement fields are
estimated using bi-cubic splines [Beavan and Haines, 2001]. With singular value
decomposition, the spatial gradients are then inverted to iteratively solve for the
coefficients at each station,which can thenbe used to infer thewave field parameters
described above. Our results show that the average dynamic Rayleigh wave phase
velocity ranges from 3.8 to 4.2 km/s for periods from 60 125s, and 3.6 to 4.0
km/s for periods from 25 60s. It’s important to note that these results depend not
only on the medium but also on the local geometry of the wavefield. To find the
structural phase velocity determined only by the properties of the medium, the first
and second derivatives of logarithmic amplitude are required, enabling a solution
to the Helmholtz equation [Wielandt, 1992]. We show that the two coefficients
that we are solving for, using the gradiometry method, correspond to the gradient
of logarithmic amplitude and the gradient of phase, respectively. This enables us
to estimate pseudo-structural phase velocities through solutions to the Helmholtz
equation, assuming that the structure is smoothly inhomogeneous compared to
the heterogeneity of the wave field. Furthermore, the density can be estimated by
integrating in the direction of wave propagation, using also the first and second
derivatives of wavefield phase. Our modification of the wave gradiometry method
is now being employed across the USArray to obtain structural parameter estimates
in the eastern portion of the U.S.

A Comparison between Seismic Wave Gradiometry and fK Analysis in the
Estimation of the Slowness Vector
HUGHES, A., Georgia Regents University, Augusta, GA USA, ahughe12@
gru.edu; POPPELIERS, C., Georgia Regents University, Augusta, GA USA,
CPOPPELI@gru.edu

Seismic wave gradiometry is a relatively new array processing methodology that
can yield information about a wave’s slowness and spatial amplitude changes. The
principle is to relate the spatial gradients of the wavefield to two coefficients. The
first coefficient relates to the vector slowness, and the second coefficient relates to
the seismic radiation pattern. It’s a new paradigm in seismic array processing in
that it’s essentially a ‘point measurement’ of the wavefield. In practice, however, to
estimate spatial derivatives we use an array with an aperture of less than ten percent
of the seismicwavelength. Aswith any newmethodology the efficacymust be tested
against established methods. In this work we compare gradiometry’s estimation of
the slowness vector to the results obtained from thewell-known fKanalysismethod.
Additionally we explore the internal consistency of gradiometry under the plane
wave assumption by systematically changing the master station, for the purpose of
calculating spatial derivatives. We incorporate the station location uncertainties
using a Monte Carlo simulation to resolve a statistically robust estimation of
the slowness vector, which in turn we compare to the result obtained from fK
analysis.

Long Beach 3D Seismic Survey: Data Mining Continuous Passive Seismic
Data
HOLLIS, D. D., NodalSeismic, LLC, Signal Hill, CA, dan@telephysical.com

Use of passive seismic data in the oil and gas industry has been limited to
monitoring hydraulic fracturing and induced seismicity. Recent introduction of
autonomous-type seismic data recording systems for conventional active-source
seismic reflection exploration surveys provide a valuable by-product, if the that
data is preserved: a continuous seismic recording from a dense seismic network
over the survey area. The dense exploration network can be thought of as a scaled-
down version of the global seismic network and techniques developed to study the
earth’s interior using global earthquake data can be applied to the dense exploration
network.
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This presentation describes the results of applying various techniques to
passive data acquired using an autonomous seismic recording system. A 57 square
kilometer survey 3D seismic reflection survey acquired in early 2011 in Long
Beach, California, that resulted in six-months of continuous passive seismic data
from a static 5,400 receiver seismic network with a nominal station spacing of 110
meters. The seismic sensor used in the survey was a vertical component geophone
with a 10 Hz corner frequency. This continuous passive data set was mined for
information that adds value to the active source data, as well as other information
that would benefit exploration and earthquake-related studies of the study area.
Natural seismicity and ambient noise provide the signal used to extract p-wave and
shear-wave velocities, anisotropy information and seismic imaging products. Types
of analyses include time-lapse ground motion studies, micro-earthquake detection
and location, surface wave interferometry, ambient noise correlation for reflection
imaging, receiver functions, and teleseismic event amplitude analysis.

Results show that the seismic instrumentation and seismic network design
used for the Long Beach survey are suitable for some of the analyses performed, but
also suggest that results can be improved with

Body and Surface-Wave Ambient-Noise Seismic Interferometry Across the
Salton Sea Geothermal Field, California
SABEY, L. E., Virginia Tech, Blacksburg, VA, sabey@vt.edu; HOLE, J. A.,
Virginia Tech, Blacksburg, VA, hole@vt.edu; HAN, L., Virginia Tech, Blacksburg,
VA, lianghan@vt.edu; STOCK, J. M., Caltech, Pasadena, CA, jstock@gps.
caltech.edu; FUIS, G. S., U.S. Geological Survey, Menlo Park, CA, fuis@usgs.
gov

Seismic reflection and refraction data were acquired in southern California as a
part of the 2011 Salton Seismic Imaging Project. A dense linear array of 486
seismometers across the Salton Sea Geothermal Field and Brawley Seismic Zone
recorded explosive sources plus 135 hours of ambient noise. The line crosses the
ImperialValley along the southern endof the Salton Sea.There are abundant surface
and subsurface ambient seismic noise sources near the array, including tectonic and
induced earthquakes, geothermal pumping operations, a railroad, two highways,
farming operations, and Salton Sea wave action.

These noise sources produced both surface and body waves in interferometric
virtual source gathers. However, some of the noise sources also generated strong
artifacts. Two highways and a large geothermal plant acted as strong long-duration
point sources, producing both virtual source signal and artifacts similar to those
produced by cross-correlation of a large impulsive source. This was addressed by
correlating only time windows containing the>300 recorded earthquakes.

Strong surface waves were observed at 0.4 8 Hz, despite the use of 4.5 Hz
geophones. Surface wave dispersion curves on the alluvial flanks of the valley show
velocity of 225 330 m/s in the upper∼600 m.Within the geothermal field in the
central valley, the surface wave velocity increases with frequency from 80 to 240
m/s, indicating a low-velocity layer under a high-velocity cap in the upper ∼250
m. Body waves are observed up to 35 Hz and 3 km distance on parts of the line.
The highest quality virtual source body waves are produced near anthropogenic
noise sources. The virtual shot gathers compare well to the twelve explosive shots
along the line, but provide additional, smaller virtual shots between the sparser
explosions.

Impact of Scattering on the Design of a Network of Arrays for Earthquake
Rupture Imaging
BOWDEN, D. C., California Institute of Technology, Pasadena, CA, dbowden@
caltech.edu; AMPUERO, J. P., California Institute of Technology, Pasadena,
CA, ampuero@caltech.edu; MENG, L., UC Los Angeles, Los Angeles, CA,
meng@ess.ucla.edu

Many Earthquake Early Warning (EEW) systems currently proposed successfully
focus on quickly identifying the epicenter of an earthquake, but often underestimate
themagnitude, as simplemodels fail to consider the length, duration, anddirectivity
effects of finite fault rupture. In contrast, a system of multiple small aperture
strong motion arrays close to major faults could be employed to backproject energy
in real time and track the fault rupture as it progresses. Such methods assume
that the direct arrivals from a new rupture subevent can be resolved from the
scattered coda of the previous rupture subevents. Although scattered energy may
mask later parts of the rupture, its lower waveform coherency may limit its impact
on backprojection resolution.

We examine several of the underlying assumptions in these backprojection
methods. To confirm that coherency decays quickly enough for the method
to be useful for EEW, we analyze data from four different arrays in Southern
California. Over 200 small events are used to examine coherency decay after
the P-wave arrival. Although other studies have performed a similar analysis of
waveform coda, details of this work are unique to the backprojection scheme
suggested, such as window length considered, frequencies, station spacing, and

emphasis on early coda. We also review numerical and analytic models of crustal
scatterers and their effect on an array’s coherency, with particular attention paid
to the relative contribution of single scattering (which is easier to computationally
simulate) and multiple scattering. Finally, since EEW systems rely on speed, it
is desirable to use information from the P-waves, but interference with strong
energy from S-waves further reduces our ability to resolve the front of the rupture
process.We discuss methods and deployment strategies which would overcome this
limitation.

‘No-Cost’Acquisition of 3D Reflection Imagery of the Continental Basement
BROWN, L. D., Cornell University, Ithaca, NY, USA

The current generation of continuously recording, ‘superchannel’ seismic systems
that are increasingly being used to collect 3D seismic imaging of the sedimentary
cover foroil andgas explorationarebydefault also collecting3Dseismic information
on the deeper crust. Although the data are recorded continuously for reasons of
increased productivity, the exploration companies typically only ‘harvest’ the first
few seconds after their controlled sources are triggered to recover reflections from
the first few kilometers of the crust. However, the equipment continues to record,
potentially collecting later reflection arrivals from deeper structure. However, these
deep data are typically treated as leftovers along with the noise between shots. A
systematic program to recover these deep data from industry archives could produce
the first extensive coverage of true 3D reflection information on the basement
beneath the oil basins in which the exploration companies operate. Here I will
discuss the practical limitations on the utility of these industry discards, the value
of extended correlation for vibroseis data, the impact of simultaneous shooting
strategies and the potential of deblending algorithms to recover deep data even
when ‘overprinted’ by successor shots.

Advances in Seismic Imaging andMonitoring of
Time-Dependent Variations: Civil Structures,
Near-Surface, and Shallow Crustal Scales
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Lithospheric Earth Structure of Texas-Gulf of Mexico Margin from Surface
Wave Dispersion and Migrated Ps Receiver Functions
AGRAWAL,M., Baylor University, Waco, TX, Mohit_Agrawal@baylor.edu;
PULLIAM, J., Baylor University, Waco, TX, Jay_Pulliam@baylor.edu; SEN, M.
K., University of Texas at Austin, Austin, TX,msentx@yahoo.com

The seismic velocity structure beneath Texas Gulf Coastal Plain (GCP) is imaged
by fitting of surface wave dispersion and velocity analysis of Ps receiver functions.
TheGCP is a portion of an ocean-continental transition zone, or ‘‘passive margin’’,
where attempts to model lithospheric earth structure seismically have been rare.
Seismic data from a linear array of 22 broadband stations, spaced 16 20 km apart
along a∼330-km-long profile across the Texas-Gulf ofMexico passivemargin, were
employed to construct a coherent image of the crust and uppermost mantle.

A Common Conversion Point (CCP) stacking technique is applied to
teleseismic earthquake data to improve the signal-to-noise ratios of receiver
functions. Using an incorrect velocity model for time-to-depth migration of a
stacked CCP image may produce an inaccurate image of the subsurface, especially
in the presence of substantial lateral velocity variations. To find accurate P- and
S-velocity models, we first apply a nonlinear modeling technique to fit Rayleigh
wave group velocity dispersion curves via Very Fast Simulated Annealing (VFSA),
a global optimization method. We use ambient noise cross-correlation to compute
Rayleigh wave group velocity dispersion curves. Statistical assessment tools, such
as the parameter correlation matrix and the marginal Posterior Probability Density
function, are estimated in order to evaluate the constraints that dispersion data place
on model parameters.

P Wave Transfer Functions for the Northern Mississippi Embayment: A
Different Approach
MOSTAFANEJAD, A., CERI/ University of Memphis, Memphis, TN,
mstfnjad@memphis.edu; LANGSTON, C. A., CERI/ University of Memphis,
Memphis, TN, clangstn@memphis.edu

Weare using the data frombroadband stations of theUSArrayTAand theNorthern
EmbaymentLithosphericExperiment (NELE), to examine the crust anduppermost
mantle in the New Madrid Seismic Zone (NMSZ) and the northern Mississippi
Embayment by computing three-component P wave transfer functions. Instead of
using the standard processing of P-wave radial and vertical components using a
single event recorded at a single station, an estimate of the effective source function
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of the event is obtained by stacking all vertical components from regional stations
outside the embayment. Stacking vertical components from external stations reduce
randomly scattered waves and the amplitude of other locally coherent waves, such
as the crustal P wave reverberations. This estimate is then used to deconvolve the
three component data for stations inside and outside the embayment. Because the
embayment is filled with a thick layer of unconsolidated sediments, target P-to-
S conversions from the crust-mantle boundary and other major discontinuities
within the mantle are disguised by large amplitude near-surface Ps reverberations.
We incorporate wavefield downward continuation using propagator matrix theory
to remove thenear surface reverberations. Inorder todo thedownward continuation
correctly, a detailed velocity structure of the sediment under each station is required
which we obtain by a grid search algorithm. We are applying this technique to the
available data from the existing TA stations in the area to develop a detailed 3D
velocity model for the embayment sediments. This 3D velocity model will be used
as a starting model for further model refinements using new data from the higher
density linear arrays recently deployed for the NELE.

3-D Shear Wave Model Development of the Texas Region Using an
Optimization Scheme
THOMPSON, L. E., University of Texas at El Paso, El Paso, TX, lethompson@
miners.utep.edu; VELASCO, A. A., University of Texas at El Paso, El Paso, TX,
aavelasco@utep.edu; GARCIA, V. H., University of Texas at El Paso, El Paso,
TX, vhgarcia4@miners.utep.edu

Understanding Earth’s tectonic processes requires analyzing the Earth structure.
The objective of this work is to expand on a constrained optimization approach for
a joint inversion least-squares (LSQ) algorithm to characterize a one-dimensional
Earth’s structure ofTexaswith theuse ofmultiple geophysical data sets. Inparticular,
we apply the Multi-Objective Optimization Problem (MOP) Technique to the 1-
D inversion and use four geophysical data sets: receiver functions, surface wave
dispersion curves, teleseismic body wave times, and gravity measurements to obtain
a better shear wave model of Texas. For this research, we will useMOP formulation
to generate quasi-3D shear wave models to determine regions of Texas at would
have high and low velocities within the mantle. We used the MOP optimization
technique to generate 3D imagery of Texas in order to help us to determine the
petrophysical nature of the Lithosphere-Asthenosphere Boundary (LAB). Through
the development of our quasi-3D models using multiple data sets, we will be able
to evaluate and analysis the upper mantle seismic velocity structures in both the
vertical and horizontal directions, which will be the key to our understanding of
the overall tectonic structure of Texas. For this research, we collected and process
seismic data (receiver function, surfacewave, bodywave travel times) fromUSArray,
a National Science Foundation funded EarthScope project, plus the collection of
gravity fromother efforts.USArray, which is part of the EarthScope experiment, is a
15-year program to place a dense network of permanent and portable seismographs
across the continental United States. The quasi 3-D velocity models generated
from the use of the USArray data that we acquired for the Texas region will
provide insight into the tectonic history and physical properties of the Earth
structure.

Shear Wave Velocity Structure Beneath Haida Gwaii, Canada, in the Vicinity
of the 2012 Mw 7.7 Earthquake
CASSIDY, J. F.,NaturalResourcesCanadaandUniversityofVictoria,Victoria,BC,
Canada, jcassidy@nrcan.gc.ca; GOSSELIN, J., University of Victoria, Victoria,
BC,Canada;DOSSO, S. E.,University ofVictoria, Victoria, BC,Canada;Cassidy -
also at University of Victoria, Victoria, BC, Canada

In this study we constrain the S-wave velocity structure beneath Moresby Island,
HaidaGwaii, in thevicinityof the2012Mw7.7 earthquake (Canada’s second largest
instrumentally recorded earthquake). We utilise data from two existing Canadian
National Seismograph Network stations (DIB and MOBC) and take advantage
of four additional 3-component seismic stations deployed to monitor aftershock
activity of the 2012 earthquake.

It has long been known that there is an element of convergence between the
Pacific and North American plates along the primarily strike-slip margin in the
vicinity of Haida Gwaii. TheM 7.7 earthquake of 2012 was not associated with the
strike-slip Queen Charlotte Fault, but rather with a blind thrust fault just to the
west of Moresby Island. It was the largest thrust event ever recorded in this region.
Previous studies have provided evidence for a subducting slab beneath the northern
part of Moresby Island. Our research focusses on new data from seismic stations on
central and southernMoresby Island and we look for evidence of subduction along
this margin.

Inthis studyweutilise receiver functionanalysis (time-domaindeconvolution)
combinedwith a Bayesian inversion technique to better constrain uncertainties and
the likelihood, and nature of interfaces. At each station across Moresby Island, two
key features are identified:

1. A continental Moho at 15 20 km depth,
2. A significant low S-wave velocity zone at depths ranging from 25 km to 40 km,

generally increasing eastward beneath Haida Gwaii.

These results are consistent with a subducting oceanic plate beneath Haida
Gwaii and represent the first evidence that the oceanic plate extends beneath all (or
themajority)ofMoresbyIsland.Thisnewmodelwillhaveapplicationstoearthquake
hazard evaluation across Haida Gwaii and further south along this margin.

3D Seismic Reflection Imaging Using Aftershocks of the 2011 Central Virginia
Earthquake as Illumination Sources
QUIROS, D.,CornellUniversity, Ithaca,NY,daq7@cornell.edu; BROWN,L.D.,
Cornell University, Ithaca, NY, ldb7@cornell.edu; DAVENPORT, K., Virginia
Tech, Blacksburg, VA, kd42@vt.edu; HOLE, J., Virginia Tech, Blacksburg, VA,
hole@vt.edu

One of the primary goals of the AIDA Virginia seismic recording experiment was
to evaluate the feasibility of using aftershocks for detailed reflection imaging of
geologic structure within the hypocentral volume. In this study we demonstrate
how earthquakes recorded by a dense surface array can be used to image
the surrounding volume by the application of Vertical Seismic Profiling (VSP)
imaging techniques, in particular a variant known as reverse VSP (rVSP). rVSP
processing of individual earthquake recordings map the more prominent reflection
interfaces beneath the surface profile. The strongest of these reflectors is a planar
interface at a depth of approximately 6 to 8 km that directly underlies and
is continuous beneath the more steeply dipping aftershock zone. We interpret
this event as part of an east-dipping thrust sequence associated with Paleozoic
convergence during the Appalachian orogeny. Its continuity suggests that the
fault that hosted the Virginia event either does not penetrate to great depth,
or has no previous history of significant accumulated offset. It certainly is
not consistent with reactivation of a major pre-existing fault. Our current
work focuses on producing a more complete 3D imaging by rVSP to CRP
transforming and stacking of multiple earthquakes, both to fill out the 3D
image space and to increase the signal to noise ratio of weaker reflections.
The primary challenges in such imaging are the uncertainties in the location
and timing of the aftershocks. A preliminary 3D image generated by rVSP
processing of 81 aftershocks shows coherent reflectors throughout the 3D seismic
volume.

Group Velocity Tomography for Eastern Mexico and Isthmus of Tehuantepec
CÓRDOBA, F., Centro de Ciencias de la Tierra de la Universidad Veracruzana,
Xalapa, Veracruz, Mexico, fcordoba@uv.mx; IGLESIAS, A., Departamento
de Sismología, Instituto de Geofisica, UNAM, Mexico City, DF, Mexico,
arturo@geofisica.unam.mx; SINGH, S. K., Departamento de Sismologia,
Instituto de Geofisica, UNAM, Mexico City, DF, Mexico, krishna@
ollin.igeofcu.unam.mx; SPICA, Z., Posgrado en Ciencias de la Tierra, Instituto
de Geofisica, UNAM, Mexico City, DF, Mexico, zackspica@gmail.com;
LEGRAND, D., Departamento de Vulcanologia, Instituto de Geofisica, UNAM,
Mexico City, DF, Mexico, denis@geofisica.unam.mx

We combine data from noise cross correlations and regional earthquakes recorded
by two dense portable arrays and the Mexican National Seismological network to
obtain Rayleigh wave tomographic images at periods between 5 and 50 s for central
and southeast of Mexico.

Resolution tests show that we are able to recover information over areas
>15× 15 km in the better-covered areas.

At short periods (<15s) the images showgood correlationwith the shallowest
geological features. Low velocity anomalies are related with sedimentary basins and
Cenozoic volcanic areas, while high velocities anomalies correlate with the forearc
region. A very clear low-velocity anomaly is observed at the north of the Isthmus of
Tehuantepec where an active volcanic field is located.

At larger periods (>25s) a low velocity region coincides with the border of
the Trans Mexican Volcanic Belt suggesting the presence of a mantle wedge. For
these periods high velocity anomalies are related with the shallow presence of the
oceanic mantle in the forearc and the presence a shallower mantle in the backarc
where the continental crust become thin.

Ambient Noise Tomography of the Katmai Volcanic Complex, Alaska
LEMON, S., University of Wisconsin - Madison, Madison, WI, sarahamlemon@
gmail.com; THURBER, C.H., University ofWisconsin -Madison,Madison,WI,
clifft@geology.wisc.edu; HANEY, M. M., USGS/Alaska Volcano Observatory,
Anchorage, AK, mhaney@usgs.gov; SYRACUSE, E., Los Alamos National
Laboratory, Los Alamos, NM, syracuse@lanl.gov; ZHANG, H., University of
Science and Technology of China, Hefei, Anhui, China, hjzhang@mit.edu;
ZENG, X., University of Wisconsin - Madison, Madison, WI, zengxf@geology.
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wisc.edu; PREJEAN, S. G., USGS/Alaska Volcano Observatory, Anchorage, AK,
sprejean@usgs.gov

This study refines the 3-D S-wave velocity structure in the region of the Katmai
Volcanic Cluster through an inversion of ambient seismic noise data. We combine
continuous data from the Alaska Volcano Observatory’s (AVO) 20 station
permanent network with data from a dense 11 station temporary array run from
2008 2009 by the University of Wisconsin-Madison and AVO. The combined
data set builds on thework of Thurber et al. (2012), which used only the permanent
array data. Data for the period from July to December 2008 is cross-correlated
in hour-long segments, then stacked over the entire time period. The continuous
data will also be analyzed using phase-weighted stacking in an attempt to improve
the Green’s functions. Extracted Green’s functions are evaluated for quality and
the best results are used in a 2-D inversion for group velocity maps at multiple
frequencies focused between 0.2 -- 0.7 Hz. The group velocity maps are then used
in cell by cell inversions of the ’local’ dispersion curves for 1-D Vs structure, which
are then assembled into a 3-D Vs model. Checkerboard tests show good model
resolution for anomalies greater than 5 by 5 km in size to a depth of ∼8 km,
suggesting that our ability to resolve anomalous structures should be very good.
Preliminary results show anomalously low S-wave velocity in the region of Katmai
Pass that could indicate magma storage or a shallow hydrothermal system.

The optimal group velocity maps will be combined with body-wave arrival
time data in a joint inversion for 3-D P- and S-wave velocity structure. The relative
contributionsof thetwodatatypes inthe joint inversionarecontrolledbyaweighting
factor, with the optimal point defined by a trade-off curve. These results should
improve the Vs model by combining constraints from both the body-wave arrivals
and ambient noise group velocity maps.

Shear-Wave Quality Factor Qs Profiling using Seismic Noise Data from
Microarrays
PAROLAI, S., GermanResearchCentre for Geosciences GFZ, Potsdam,Germany,
parolai@gfz-potsdam.de; BOXBERGER, T., German Research Centre for
Geosciences GFZ, Potsdam, Germany; PILZ, M., German Research Centre for
Geosciences GFZ, Potsdam, Germany; BINDI, D., German Research Centre for
Geosciences GFZ, Potsdam, Germany

The assessment of the shear-wave velocity (Vs) and the quality factor (Qs) profiles
below a site is necessary to characterize its site response. Recently, methods based
on the analysis of seismic noise have proved to be very efficient for providing
a sufficiently accurate estimation of the Vs versus depth at reasonable costs for
engineering seismology purposes. In this study, first it is investigated if the same
methods can also provide, with just a few additional calculation steps, realistic Qs
versus depth estimates. A data set of seismic noise collected at the Tito test site in
southern Italy by a microarray of seismological stations (with maximum aperture
of few tens of meters) was used, and the obtained Qs results are compared with
those estimated by independent geophysical investigations. It is shown that the
values are consistent and that the seismic noise analysis has the potential to also
provide amore comprehensive (Vs andQs from an engineering seismology point of
view) description of the shallow geological structure below a site at low cost. The
technique is further applied to data collected by other microrrays in Turkey and
Kyrgyzstan. An empirical relationship between the estimated Qs and Vs values is
investigated.

Extracting Site Characteristics at Delaney Park Geotechnical Array in
Anchorage, Alaska Using Seismic Interferometry
KALKAN, E., Earthquake ScienceCenter,United StatesGeological Survey,Menlo
Park, CA, ekalkan@usgs.gov; ULUSOY, H. S., Menlo Park, CA; WANG,
F., Institute of Geophysics, China Earthquake Administration, Beijing, China;
FLETCHER, J. P., Earthquake Science Center, United States Geological Survey,
Menlo Park, CA

Seismic interferometry, basedondeconvolutionofwavemotions recorded at various
boreholedepths, is used to extract the site characteristics includingwave attenuation,
predominant frequencies, shear modulus and shear-wave velocity profile of a
densely instrumented geotechnical array at Delaney Park in Anchorage, Alaska.
Surface and six borehole (up to 61m depth) three-component sensors recorded ten
earthquakes having moment magnitude between 4.5 and 5.4 at epicentral distances
of 11 to 162 km. Deconvolution of the waveforms recorded at various depths
on horizontal sensors with respect to the corresponding waveform recorded at
the surface provides upward (incident) and downward (reflected) travelling waves
within the soil layers. The simplicity and similarity of the deconvolved waveforms
from different earthquakes suggest that a one-dimensional shear velocity model is
sufficiently accurate to represent the site characteristics. The travel times evaluated
by deconvolution agree with the results obtained by the geophysical measurements
of shear-wave velocity at the site. It is also shown that the deconvolution method is

effective in computing amplification property of shallow soil layers. The estimated
parametersareused for soil-structure interactionmodelingofadensely instrumented
20-story steel framed Atwood building, located 166 m from the Delaney Park
geotechnical array.

Site Characterization for Marine Earthquake Engineering via Modeling
of Ocean-Bottom-Seismometer Observations of Rayleigh Waves and
Microtremors
LI, Z. W., Institute of Geodesy and Geophysics, Chinese Academy of Sciences,
Wuhan, China, zwli@whigg.ac.cn; HAO, T. Y., Institute of Geology and
Geophysics, Chinese Academy of Sciences, Beijing, China; NI, S. D., Institute
of Geodesy and Geophysics, Chinese Academy of Sciences, Wuhan, China; YOU,
Q. Y., Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing,
China; LIU, L. H., Institute of Geology and Geophysics, Chinese Academy of
Sciences, Beijing, China; BAO, F., Institute of Geodesy and Geophysics, Chinese
Academy of Sciences,Wuhan, China; XU, Y., Institute of Geology andGeophysics,
Chinese Academy of Sciences, Beijing, China

Shallow shear-wave velocity structure of the top tens to hundreds of meters is
essential for site characterization.On land, both active and passivemethods are used
to determine subsurface velocity structures. With the increasing of ocean industry
engineering (e.g., marine platform for petroleum exploitation), shallow shear-wave
velocity structure in marine region need to be well investigated. However, it is not
a trivial task to study the shallow shear-wave structure in the marine regions. With
the ocean-bottom-seismometer (OBS) observations in the Bohai Sea, China, from
the year of 2010 and 2011, high quality waveforms of short-period Rayleigh wave
are obtained with air-gun source at close to large offset (from 200 m to>6000 m).
The dense spacing of air-gun sources (∼200 m) and high signal-to-noise Rayleigh
waves provide a feasible way to investigate the shallow-shear wave structure beneath
the OBS observation lines. Moreover, the horizontal-to-vertical (H/V) spectrums
are calculated with the microtremors recorded by the OBS, which is also used to
estimate the shear-wave velocity structure beneath theOBS. Shear-wave velocities of
120∼220 m/s are obtained from both dispersion curves of Rayleigh waves within
1∼5 Hz and H/V spectrum ratio. Our study suggests that HV method is also
applicable in marine regions.

A Wave Gradiometry Application in Engineering Seismology: Field
Measurement of Nonlinear Soil Behavior in the Near Surface
DANGKUA, D. T., CERI - University of Memphis, Memphis, TN, dtdngkua@
memphis.edu; LANGSTON, C. A., CERI - University of Memphis, Memphis,
TN, clangstn@memphis.edu; CRAMER, C. H., CERI - University of Memphis,
Memphis, TN, ccramer@memphis.edu

Nonlinear soil behavior can be illustrated by a shearmodulus reduction curvewhere
shearmodulus is decreased as shear strain increased.Wedevelop the reduction curve
from field experiment using a seismic shaker truck in order to induce nonlinear soil
behavior in the near surface. An array of experimental three component micro-
electro-mechanical-system (MEMS)-based accelerometers is deployed to record
strong ground motion produced by the shaker truck. Fifteen accelerometers are
configured into a two-dimensional gradiometer array consisting of three-by-five
array elements configured in a vertical plane. The accelerometers are installed as
close as 1.0 m from the shaker truck in several 2-in boreholes at three different
depths at approximately 0.5 m, 1.0 m, and 1.5 m, with a borehole spacing interval
of approximately 0.5 m. We record a series of strong ground motion waveforms
generated by the shaker truck with frequency range from 5 to 40 Hz and different
driving-force amplitudes. We use wave gradiometry to solve for phase velocity at
each frequency and plot it as a Rayleigh-wave dispersion curve. We observe that
the phase velocities decrease with increasing wave amplitude and, hence, the shear
moduli decrease as well. Using the recorded seismograms and the position of the
accelerometers, we calculate the displacement gradient using a linear inversion
method. Monte Carlo error propagation is used to calculate a 95% confidence
limit in order to estimate uncertainties in each displacement gradient. By using the
two-dimensional configuration in the vertical plane, we can calculate displacement
gradient in both vertical and horizontal directions and avoid assuming that the
vertical displacement gradient to be of the same order of magnitude as the
horizontal displacement gradient. Shear strains produced by the propagating strong
ground motions can be up to 6.5 × 10e-5, with a shear modulus degradation
of 55%.

Sediment Shear Velocity and Thickness from Seafloor Compliance using
Microseisms Noises
RUAN, Y., Brown Univerisity, Providence, RI; FORSYTH, D. W., Brown
Univerisity, Providence, RI; BELL, Brown Univerisity, Providence, RI

Seafloor compliance is the transfer function between the vertical displacement and
pressure as a function of frequency. Seafloor compliance reflects the deformation
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of seafloor under ocean wave pressures and is sensitive to the subsurface elastic
properties, especially shear modulus, therefore can be used to determine shear
velocity of marine sediments. Instead of using long-period infragravity waves as in
previous seafloor compliance studies, we investigate seafloor compliance calculated
using microseism noise (0.08 - 0.2 Hz). We compare compliances frommicroseism
noises and Scholte waves (a surface wave propagates at a liquid-solid interface),
and show that they are identical at microseism band. Using surface wave mode
method we calculate synthetic seafloor compliance and examine its sensitivity
to water depth, shear wave speed and thickness of sediments. Finally, we invert
seafloor compliance observed at 23 deep water Ocean Bottom Seismometers
deployedbyCascadia Initiative for sediment thickness and shearwave speedbeneath
them. Although there is trade-off between shear wave speed and thickness, our
method can robustly estimate the travel time delay caused by sediments for each
station.

Instantaneous Monitoring of Soil and Structure Dynamics using
Autocorrelation Functions Computed with the Stockwell Transform
BONILLA, L. F., IFSTTAR, Marne la Vallee, France, fabian.bonilla@ifsttar.fr;
GUEGUEN, P., ISTerre/CNRS/UJF/IFSTTAR, Grenoble, France, philippe.
gueguen@ujf-grenoble.fr

Monitoring the speed changes of amedium is very important in detecting variations
related to the stress, temperature and fluid content. There are several techniques to
do so, and one of them is the use of autocorrelation functions (ACF) that recover
a zero-offset reflection seismogram. Traditionally, the autocorrelation functions are
computed by stacking several time-windows of seismic data in order to enhance
the signal-to-noise ratio. In this sense, the computed ACF shows an average of the
dynamics of the physical process. To overcome this limitation, we propose to use
the Stockwell transform, which is a time-frequency decomposition of a signal that
preserves the phase information, to follow the evolution in time of the spectral
properties of a seismic record. More specifically, at each time step, the Stockwell
transform provides the amplitude and phase of the instantaneous wavelet that
composes the signal, so that an instantaneous ACF can be computed. The analysis
of these multiple ACFs allow to compute the time shift at a given ACF produced
by the dynamics of the media. Changes of the time shift can easily be transformed
into speed changes of the media. In this study, we present preliminary results on
the analysis of K-net records that show liquefaction during the Tohoku-Oki 2011
earthquake. Furthermore, we show the effect of moderate to strong events of the
response of the Factor building in UCLA, California.

Monitoring a Building using Deconvolution Interferometry from Earthquake
and Ambient-Noise Data
NAKATA, N., Stanford University, Stanford, CA, nnakata@stanford.edu;
SNIEDER, R., Colorado School of Mines, Golden, CO, rsnieder@mines.edu

With deconvolution interferometry, we can extract a building response, and hence
estimate velocity of the wave that propagates inside the building and the intrinsic
attenuation of the building. We apply deconvolution interferometry to earthquake
and ambient-noise data recorded inside a building, which is in the Fukushima,
Japan. For deconvolution interferometry, we deconvolve the wavefields recorded
at all levels with the waves recorded at a target receiver. This receiver behaves
as a virtual source, and we retrieve the response of a cut-off building, a short
building which is cut off at the virtual source. Because the cut-off building is
independent from the structure below the virtual source, the technique might
be useful for estimating local structure and local damage. We apply deconvolution
interferometry to17earthquakes recordedduring twoweeks andestimate time-lapse
changes in velocity and normal-mode frequency. We compute the velocities from
both traveling waves and the fundamental mode using coda-wave interferometry.
These velocities have a negative correlation with the maximum acceleration of
the observed earthquake records. We also apply interferometry to ambient noise,
recorded during the same time period in the same building as the earthquake
data, and estimate velocities of traveling waves. The velocities estimated from
ambient noise aremore stable than those computed from earthquake data. Since the
acceleration of the observed earthquake records varies depending on the strength of
the earthquakes and the distance from the hypocenter, the velocities estimated
from earthquake data vary because of the nonlinear response of the building.
From ambient noise, we extract the wave velocity due to the linear response of the
building.

Dynamic Response Characterization of a Highway Bridge using Ambient
Vibrations
MERCERAT, E. D., CEREMADirectionTerritorialeMediterranee, Nice, France,
diego.mercerat@developpement-durable.gouv.fr; REGNIER, J., CEREMA
DirectionTerritorialeMediterranee,Nice, France, julie.regnier@developpement-
durable.gouv.fr; BERTRAND,E.,CEREMADirectionTerritorialeMediterranee,

Nice, France, etienne.bertrand@developpement-durable.gouv.fr; DENI, D.,
CEREMA Direction Territoriale Mediterranee, Aix-en-Provence, France, denis.
davi@developpement-durable.gouv.fr

We study the dynamic response of a large-scale highway bridge crossing theCaronte
channel (Southern France) using ambient vibrations. The structure is composed of
two concrete decks and a metallic one (at the central part) supported by concrete
piles of more than 40 m height. We analyze the recordings using frequency (modal
analysis) and time domain approaches in order to evaluate the complementary
contributions of each methodology. The dynamic response is characterized by
normalmodes determination, velocities of travelingwaves and intrinsic attenuation.
Comparison with previous modeling results is done to check some hypothesis of
the numerical computations performed beforehand. Additionally, we give special
interest to the soil-structure interaction as ambient noise measurements at the base
of the structure have also been done simultaneously with the ones on the piles and
deck. Since the engineering structure under study is being seismically reinforced,
the potential variations of the dynamic response will be evaluated in the near
future.

Application of Instantaneous PhaseMethods for ImprovedNoise-Correlation-
Derived Dispersion Measurements from a Local Seismic Array
MOSCHETTI, M. P., US Geological Survey, Denver, CO, mmoschetti@
usgs.gov; NORIEGA, R., Institute of Earth Sciences Jaume Almera -CSIC,
Barcelona, Spain; STEPHENSON, W., US Geological Survey, Denver, CO;
MEREMONTE,M., Bureau of Reclamation, Denver, CO

We investigate the use of instantaneous phase methods for improving the signal-
to-noise ratio (SNR) of higher frequency (f>0.2 Hz) ambient seismic noise
correlations from a local-scale (∼15 km aperture) seismic array. Previous work
(e.g., Schimmel et al., 2010; Gaudot et al., 2013) has demonstrated improved SNR
innoise correlationsgeneratedbyusing the instantaneousphase for calculatingcross-
correlations and for selecting and weighting time-window correlations for stacking.
We apply these techniques to vertical-component seismic data from a five-week
duration deployment of broadband seismographs in theReno-Sparks,NV region to
discern whether phase-based methods permit improved SNR. We are particularly
interested in obtaining dispersionmeasurements fromhigher frequency (f>0.2Hz)
surface waves in order to better characterize the shallow shear-wave velocity of the
region. Because of the short duration of the deployment, the resulting vertical-
vertical cross-correlations calculated with standard techniques have low SNRs and
the corresponding surface wave speed dispersion curves have large uncertainties.
We compare the cross correlations computed by standard methods with those
computed using two instantaneous phase methods: (1) use of instantaneous phase
for the cross-correlations and (2) use of instantaneous phase of the resulting
cross correlations to select and weight time series for stacking. Preliminary results
indicate improved SNR in the noise correlations made using instantaneous phase
methods. These methods may permit improved measurement of inter-station
group speeds, such as those made by Noriega et al. (2013), as well as phase
speeds.

Reliable Estimation of Shear-Wave Velocity Profile by Inverting Phase
Velocity Dispersion Curve and Waveform Comparison
HOSSEINI, M.,University ofMemphis,Memphis, TN, shsseini@memphis.edu;
PEZESHK, S., University of Memphis, Memphis, TN, spezeshk@memphis.edu;
PUJOL, J., University of Memphis, Memphis, TN, jpujol@memphis.edu

Rayleighwavesphase velocitydispersioncurves arewidelyused todetermine shallow
shear-wave velocity profiles in the context of geotechnical, earthquake engineering,
and seismic hazard applications. A significant problem with the inversion of phase
velocities is its intrinsic non-uniqueness, and although this problem is widely
acknowledged, there have not been systematic efforts to overcome the pervasive
uncertainty that affects the inverted velocity profiles. Hosseini et al. (2012) was
able to reduce the uncertainty associated with the surface-wave inversion using
time-domain synthetics on a hypothetical problem. In this study, we apply their
procedure to actual data recorded in the field using the Multi-channel Analysis of
SurfaceWaves (MASW)method. A total of 72 vertical geophones with 3 ft spacing
were used to record the waves generated using a hammer source. The inversion of
the actual dispersion curves yieldsmultiple different velocitymodelswith essentially
the same theoretical dispersion curves, whichmeans that there is no objectiveway to
discriminate between the different models. On the other hand, the corresponding
time-domain synthetic traces have significant differences,which allows choosing the
most appropriate velocity model. Here we assess the usefulness and the limitations
of this technique and validate the inversion results with the velocity profile from a
downhole seismic survey. Our results show that the use of synthetic seismograms
makes it possible to constrain the velocities determined by inversion of Rayleigh
wave phase velocities.
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Monitoring Pre-Earthquake Activity by Analysis of Ambient Seismic Noise -
Encouraging Results
GUPTA, I. N., Centreville, VA, igupta@verizon.net; SCHAFF, D. P., Lamont-
Doherty Earth Observatory of Columbia University, Palisades, NY, dschaff@
ldeo.columbia.edu

A significant fraction of the ambient short-period seismic noise at a given site may
be attributed to P, S, Rayleigh and Love waves with spectral characteristics strongly
dependent on the geological structure underlying the recording station. Unlike an
underground nuclear explosion, an earthquake may have intense pre-event activity
within the hypocentral region. This pre-earthquake activity, originating several
hours or more, not only alters the geological environment within the hypocentral
region but also generate new sources of P and SV and SHwaves, a fraction of which
travel upwards towards the recording station and contribute to the observed seismic
noise. We analyzed pre-earthquake seismic noise, recorded by three-component
instruments at an epicentral distance of 36 km from a Magnitude 6 earthquake in
Nevada. Two distinct premonitory changes in the spectral characteristics of noise
were observed: (1) Gradual shift of peak frequencies to lower values, perhaps due
to both a decrease in medium velocity and an increase in spatial attenuation due
to pre-earthquake activity such as fracturing of rocks; (2) Significant differences
in the low-frequency spectral characteristics of the two horizontal (transverse, T
and radial, R) and vertical, V components of ground motion. As the origin time of
the earthquake approached, a fairly steady increase in the spectral ratios T/R and
T/V occurred. A likely explanation is that SHwaves trapped within the uppermost
low velocity layer can retain relatively larger amplitudes than P and SV, both of
which constantly lose energy by conversion to other waves whenever an interface
is encountered. The observed spectral peak frequency values were found to be in
remarkably good agreement with the theoretical value for SH-wave resonance in
this region. These encouraging results suggest an entirely new methodology for
obtaining advance warning of a few hours or more of a large impending earthquake,
at least in some regions of the world.

Cold Climate Installation Techniques and Instrumentation
Developments for Temporary and Long-TermNetworks
Poster Session ·Wednesday · 30 April ·Cook/Arteaga
The Seismic Noise Environment of the Antarctic and the Influence of
Instrumentation Techniques
ANTHONY, R. E., Colorado State University, Fort Collins, CO, Robert.
Anthony@colostate.edu; ASTER, R. C., Colorado State University, Fort Collins,
CO,Rick.Aster@colostate.edu;WIENS,D.A.,WashingtonUniversity, St. Louis,
MO, doug@wustl.edu; NYBLADE, A., Pennsylvania State University, University
Park, PA, nyblade@psu.edu; ANANDAKRISHNAN, S., Pennsylvania State
University, University Park, PA, sxa17@psu.edu; WINBERRY, J. P., Central
WashingtonUniversity, Ellensburg,WA,winberry@geology.cwu.edu;HUERTA,
A.D.,CentralWashingtonUniversity,Ellensburg,WA,huerta@geology.cwu.edu;
WILSON, T. J., Ohio State University, Columbus, OH, wilson.43@osu.
edu

Recent instrumentation development has opened up even the most remote Polar
Regions to year-round, continuous seismographic deployments. Early multi-year
networks deployed at high latitudes have illuminated novel seismic signals and noise
environments. This noise environment is influenced by, in some cases, new oceanic
sources and other processes.However, a handful of sites have experienced unwanted
instrumentation and site-induced noise generated in these harsh environments.
We analyze recently collected, broadband data from temporary and permanent
Antarctic stations to quantitatively assess background seismic noise levels across the
continentbetween2007 2012, including substantialpreviouslyunsampled sections
of the continental interior. We characterize three-component noise levels between
0.15 150 susingprobabilitydistribution function-derivedmetricsofpower spectral
densities and analyze seismic noise levels in multiple frequency bands to examine
different noise sources. These metrics reveal patterns of significant seasonal and
geographic noise variations across the continent, including the strong effects of
seasonal sea icevariationonthemicroseism, at anewlevelof resolution.Additionally,
we examine the influence of different siting techniques (e.g., ice vaults vs. rock sites)
on the seismic noise environment.We include comparisons of the collocated ice cap
borehole (146 m and 255 m depth) and surface seismometer installations at South
Pole (QSPA) to quantitatively assess noise reductions attained through borehole
emplacement.Thoroughanalysis of the seismicnoise environment and its relation to
instrumentation and siting techniques in the Polar Regions facilitates optimization
of deployments for future seismological deployments in the Arctic and Antarctic
regions as well as mountain glacier environments.

Seismic Noise Analyses and Event Quality Assessment for EarthScope
Transportable Array Stations in Alaska
FRASSETTO, A. M. F., IRIS Consortium, Washington, DC, andyf@iris.edu;
BUSBY, R., IRIS Consortium, Washington, DC, busby@iris.edu; HAFNER,
K., IRIS Consortium, Washington, DC, hafner@iris.edu; WOODWARD, R.,
IRIS Consortium, Washington, DC, woodward@iris.edu; ASTIZ, L., University
of California-San Diego, La Jolla, CA, lastiz@ucsd.edu; SHARER, G., IRIS
Consortium, Seattle, WA, gillian@iris.washington.edu; SAUTER, A., Nex
Mexico Tech, Socorro, NM, allan.sauter@gmail.com

Extensive preparation for the deployment of the National Science Foundation-
EarthScope USArray Transportable Array (TA) to Alaska has included developing
new methods of seismometer emplacement. The challenging field conditions in
Alaska necessitate sensor emplacement strategies that will allow installation in
diverse environments, with a smaller, lighter suite of station equipment, while
maximizing data quality. IRIS has installed several test stations in Alaska, in various
configurations and field settings.These installationshave focusedonusingposthole-
style emplacements, in small-diameter augered holes four to ten meters deep that
penetrate beneath the active layer of the permafrost, or are cored one to two meters
into surface bedrock.

The test stations have now experienced multiple seasonal transitions and
we are able to make comparisons with the well-established performance of over
1700 TA stations operated in the lower-48. Sensor performance has been assessed
quantitatively using probability density functions summed from power spectral
density estimates, which are calculated for the continuous time series of seismic data
recorded for each channel of the seismometer. We use these analyses to assess and
compare individual seismometer performance for specific frequencies of interest
over time. We also examine waveforms of local and teleseismic earthquakes and
perform basic seismic analyses (e.g. receiver function calculations) for adjacent
stations of different design, to demonstrate the benefits of decreased station noise
levels from a scientific standpoint. Results are compared between TA stations in
Alaska and adjacent Canada, as well as other relevant regional seismic stations and
the lower-48 TA. Our results show that the performance of seismometers using
auger- or core-hole installations are at least comparable to the average performance
of lower-48 TA stations, and in some cases approach the noise levels of the quietest
stations in North America.

Development of New Seismological Instrumentation for Ice Covered
Environments
BERNSEN, S., New Mexico Institute of Mining and Technology, Socorro, NM,
stevenbernsen@gmail.com; WINBERRY, P., Central Washington University,
Ellensburg, WA, winberry@geology.cwu.edu; ASTER, R., Colorado State
University, Fort Collins, CO, rick.aster@colostate.edu; WOODWARD, R.,
IRIS Headquarters, Washington, DC, woodward@iris.edu; CARPENTER, P.,
IRISPASSCAL InstrumentCenter, Socorro,NM,pcarpenter@passcal.nmt.edu;
BEAUDOIN, B., IRIS PASSCAL Instrument Center, Socorro, NM, bruce@
passcal.nmt.edu;GRIDLEY, J., IRISPASSCALInstrumentCenter, Socorro,NM,
james.gridley@iris.edu

Ice Covered regions comprise >10% of Earth’s continental area; and include
regions with poorly understood ice dynamics, tectonic histories, and ongoing
geological processes. Scientific investigations of these regions are challenged by
extreme weather, limited and expensive logistics, and the physical conditions of
the ice environment. We report on the ongoing development of a new NSF MRI-
supported community seismic capability for studying ice-covered regions the
Geophysical Earth Observatory for Ice Covered Environments (GEOICE). This
project is fundamentally motivated by the need to optimize the collection of high-
quality data relevant to key solid Earth and cryosphere science questions. The
instrument capabilitywill included: 1) a hybrid seismograph pool of broadband and
intermediate elements, for observationof both long-period (e.g., long-period surface
waves and slow sources), and intermediate-to-short-period (e.g., teleseismic body
waves local seismicity, impulsive or extended glaciogenic signals). The GEOICE
instrument, and its power and other ancillary systems, will be specifically designed
to both withstand conditions associated with icy environments, including cold/wet
conditions and high-latitude solar limitations, and to incur minimal installation
time and logistical load (i.e., size and weight), while maximizing ease-of-use in the
field, in data handling, and in telemetry compatibility. Key features will include
an ‘all in one’, post-hole-compatible design that integrates the seismometer and
data logger into a single environmentally and mechanically robust housing, very
low power requirements (∼0.2 W) for the intermediate-band seismographs, and
advanced power/battery systems that optimize battery capacity and operational
limits. The envisioned ∼125 element GEOICE instruments will be maintained
and supported at the PASSCAL Instrument Center to ensure full and flexible
peer-reviewed community use.
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Running Real-Time, Year-Round Seismic Stations Across the Greenland Ice
Sheet
CHILDS, D., IRISPASSCAL,Socorro,NM,dean@passcal.nmt.edu;REUSCH,
M.M., IRIS PASSCAL, Socorro, NM,mouse@passcal.nmt.edu

Advances in the design and build of very low-power and cold-tolerant seismic and
communication instruments have led to a larger presence of seismic stations in the
polar regions. Presented here is an update of the technology and methodology
that allows the year-round-operation of PASSCAL-monitored stations in the
GLISN project. Station designs pioneered at PASSCAL in the Polar program
have improved the durability and endurance of polar seismic stations. Enclosed
systems have been developed to allow for batteries and key electronics to stay inside
a vacuum-panel-insulated station enclosure with bulkhead connectors to external
cabling, reducing the station installation complexity and isolating the internal
instrumentation from the harsh external environment. To address the equipment
and battery low-end operating temp limitations (∼-40C) and the limited and costly
deep-field transportation resources, the station overall design requires a careful
balance between: low power consumption, battery array size, insulation, and power-
production capability.

In thepast,most seismic telemetry fromcold/remote siteshasonly transmitted
limited state of health (SOH) and allowed limited remote command/control of the
instruments. Data are recovered by on-site visits every 1 2 years. A new type
of Iridium telemetry using existing Xeos modems (RUDICS) was introduced in
2012, and established at 6 seismic stations. This allowed for the 3X/day automated
collection of all continuous SOH and 1Hz seismic data. Station-side problems can
be deciphered with greater clarity and confidence and sometimes solved remotely
and, if this is not possible, allow for a better-prepared field visit. In 2013, after
extensive in-house and field-prototype testing, 2 stations were upgraded to pull
both 20 and 1Hz data streams in real-time using full time RUDICS. Future plans
are to expand the RUDICS real-time to the remaining stations and to begin testing
at other high-latitude stations managed by PASSCAL.

The Yukon-Northwest Seismograph Network: Preliminary Results of Direct
Burial Posthole Installation for Real-Time Monitoring
AUDET, P., University of Ottawa, Ottawa, ON, Canada

During the summer of 2013 a total of 7 new broadband stations were installed
in south-central Yukon and western Northwest Territories. This network is aimed
at improving seismic station coverage in this remote area for real-time earthquake
monitoring and structural studies.This area encompasses a largepartof thenorthern
Canadian Cordillera, known to be one of the most seismically active regions in
Canadabutremainspoorly studied.Thenetworkwillbe inplace for5years, therefore
overlapping temporally with the Transportable Array in Alaska. Site selection was
based on key considerations: easy access from the road network, source of AC
power (in some cases) and budgetary constraints. Most of the stations (5 out of
7) use mains power due to low solar insolation and uncertainty with snow depth
and overall accumulation; the remaining two stations use solar power. The Trillium
120 Posthole broadband seismometer was selected because it is ideally suited to
provide quality data with minimal site preparation, for its proven noise reduction
performance, eliminationof tilt noise induced through the freeze/thawcycles aswell
as increased insulation and ground coupling. Direct burial was performed by hand
digging down to two feet deep, followed by an additional two to three feet digging
using a two-man auger. The sensor was deposited down the hole, partly covered
up with sand and manually oriented to north. Early assessment of data quality
yielded excellent results, with station noise comparable to the low-noise level of
some of the world’s best vault stations despite a very simple and low cost installation
technique.

The Alaska Volcano Observatory’s Experience in OperatingMulti-Parametric
Real Time Monitoring Systems in Remote and Challenging Environments
READ, C.W., Alaska Volcano Observatory - USGS, Anchorage, AK, cread@
usgs.gov; POWER, J. A., Alaska Volcano Observatory - USGS, Anchorage,
AK, jpower@usgs.gov; PASKIEVITCH, J. F., Alaska Volcano Observatory -
USGS, Anchorage, AK, jpaskie@usgs.gov; KETNER, D. M., Alaska Volcano
Observatory - USGS, Anchorage, AK, dketner@usgs.gov

TheAlaskaVolcanoObservatory (AVO), a partnership of theU.S.Geological
Survey (USGS), University of Alaska Fairbanks Geophysical Institute (UAFGI),
and the Alaska Division of Geologic and Geophysical Surveys (ADGGS), has
installed andmaintained volcanomonitoringnetworks inAlaska since its formation
in1988. Stationdistribution spansover1200miles, includingCook Inlet, theAlaska
PeninsulaandtheAleutianislands.Real-timetelemetereddatastreamsincludeshort-
period and broadband seismic, continuous GPS, infrasound and web cameras from
33activevolcaniccenters.These systemsaredesignedtoberobust inextremeweather
conditions, survive prolonged periods of little to no solar input, and be resistant

to mega fauna and volcanic eruption. AVOs permanent monitoring stations are
relatively quick to deploy as remote access requires a helicopter and undeveloped
landings. We have short period seismic networks that have functioned without
maintenance for 10 years, and digital networks that require annual maintenance.
Increased power requirements and maintenance cycles of new digital equipment
combined with decreasing funding have proven to be the primary challenges
the AVO networks face going forward. This presentation will summarize AVOs
experience with design elements and instrumentation that function best in Alaskas
unique environments.

Development of Seismic Field System for Multi-Year Field Deployment at
Poker Flat Research Range, Alaska
HART, D., Sandia National Laboratories, Albuquerque, NM, dhart@sandia.gov;
ABBOTT, R. E., Sandia National Laboratories, Albuquerque, NM, USA

The environment in polar regions poses a challenge for successful seismic
deployments. Cold temperatures and lack of winter sunlight are obvious obstacles,
but several other problems (such as remoteness and damage-causing animals) must
be overcome, as well. We report on our design, installation, and maintenance of
a small-aperture seismic array at Poker Flat Research Range, Alaska. Among the
system requirements were: 1) Fully telemetered at sample rates exceeding 100 Hz
per channel; 2) Controlled remotely for most operations; 3) Shallowly buried in
permafrost; 4) Year round operation; and 5) Robust tilt tolerance. Implicit, as
always, is that the system must be built within a finite budget. In our poster, we
discuss the steps taken to select candidate components, testing of components that
met our requirements, and then summarize the advantages and disadvantages of
the components used in the final system. Sandia National Laboratories is a multi-
program laboratorymanaged and operated by Sandia Corporation, a wholly owned
subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s
National Nuclear Security Administration under contract DE-AC04-94AL85000.

Minimizing Snow Losses for Photovoltaic Systems in High-Latitude Maritime
Environments
DALTON, S. M., Geophysical Institute, University of Alaska Fairbanks, Fairbanks,
AK, smdalton@gi.alaska.edu

The Alaska Earthquake Center operates and maintains a network of seismic
monitoring stations throughout Alaska, many of which are remotely located and
depend on stand-alone photovoltaic (PV) power systems. These stations must
operate on battery power without any significant solar charging for a minimum of
fivemonths out of each year.A subset of these stations, located in thePrinceWilliam
Sound and Yakutat Bay regions, have poor solar charging histories attributable to
heavy snow loads. Such snow, often greater than 2 m deep in the spring, can shade
and damage PV arrays and is shown to typically persist in significant levels through
thepeakof the short charging season.Adesignmethodology is presented foroff-grid
low-power PV systems in high-latitude maritime environments. Regional climatic
data are analyzed. Observations and estimates of solar parameters are applied to
solar energy models in an effort to identify the criteria by which PV arrays should
be oriented and sized to minimize snow losses.

Deciphering the Earthquake and TsunamiHistory of
Subduction Zones
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Tsunami Recurrence in the Eastern Aleutian Arc: A Record of 6 14 High
Tsunamis in 3400 Years on Chirikof Island, Alaska
NELSON, A. R., U.S. Geological Survey, Golden, CO, anelson@usgs.gov;
BRIGGS, R. W., U.S. Geological Survey, Golden, CO, rbriggs@usgs.gov;
DURA, T., University of Pennsylvania, Philadelphia, PA, dura@sas.upenn.edu;
ENGELHART, S. E., University of Rhode Island, Kingston, RI, engelhart@
mail.uri.edu; GELFENBAUM, G., U.S. Geological Survey, Santa Cruz, CA,
ggelfenbaum@usgs.gov; BRADLEY, L. A., U.S. Geological Survey, Golden,
CO, bradley@usgs.gov; FORMAN, S., University of Illinois, Chicago, IL, slf@
uic.edu; VANE, C. H., British Geological Survey, Nottingham, UK, chv@bgs.
ac.uk

Despite the Aleutianmegathrust’s role as the source of some of the largest historical
earthquakes and tsunamis, the prehistory of its tsunamis is largely unknown west of
the rupture zone of the 1964M9.2 earthquake. Chirikof Island is the closest island
to the trench along this part of the eastern Aleutian megathrust, which ruptured
during great earthquakes in 1788 and 1938. Records fromRussian settlements show
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that a >10-m-high tsunami followed the 1788 earthquake and our Chirikof data
suggest that the 1938 tsunami may locally have been as high as 10 m.

Stratigraphy in core transects at two boggy tundra sites on the southwest coast
ofChirikof shows a less complete tsunami history at the higher site. In a 500-m-long
basin 13 15mabove sea level and400m from the sea, 2 to 4 of 10 sandy to silty beds
in a 5-m-thick sequence of freshwater peat were probably deposited by tsunamis;
the base of the sequence dates to 13 ka. The freshwater peat sequence beneath a
gently sloping fan, 7 15 m above sea level and 600 m from the sea, contains 20
sandy to silty beds deposited since 3.4 ka; 8 of these beds we consider as probable,
and another 6 as possible, tsunami deposits. Although most of the sandy beds
have the consistent thicknesses (over distances of 10 270 m), sharp lower contacts,
good sorting, and(or) upward fining typical of tsunami deposits, the beds contain
freshwater, rather than marine or brackish, diatoms. We hypothesize that tsunamis
traveling inland over low dunes and boggy tundra entrained abundant freshwater
diatoms. OSL dating of the third youngest tsunami deposit is consistent with its
having beendeposited by the tsunami in1788, andwith the second youngest deposit
being deposited by a tsunami during an upper-plate earthquake in 1880. Although
the proportion of upper-plate versus megathrust tsunami deposits on Chirikof is
uncertain, this part of the arc probably senthigh tsunamis southward every 250 400
years for at least the past 3400 years.

Evidence for High Tsunamis in the Fox Islands Implies Repeated Aleutian
Megathrust Earthquakes in the Unalaska Seismic Gap
WITTER, R. C., US Geological Survey, Anchorage, AK, rwitter@usgs.gov;
BRIGGS, R. W., US Geological Survey, Golden, CO, rbriggs@usgs.gov;
KOEHLER, R. D., Alaska Division of Geological and Geophysical Surveys,
Fairbanks, AK, richard.koehler@alaska.gov; GELFENBAUM, G., US
Geological Survey, Santa Cruz, CA, ggelfenbaum@usgs.gov; ENGELHART,
S., University of Rhode Island, Kingston, RI, engelhart@mail.uri.edu;
NELSON, A. R., US Geological Survey, Golden, CO, anelson@usgs.gov;
CARVER, G. A., Carver Geologic, Kodiak City, AK, cgeol@acsalaska.net;
BENDER, A. M., Western Washington University, Bellingham, WA,
adrianmbender@gmail.com; HEMPHIL-HALEY, E., Humboldt State
University, Arcata, CA, Eileen.Hemphill-Haley@humboldt.edu

The 1957 (Mw 8.6) Andreanof Islands earthquake generated a destructive, Pacific-
wide tsunami and produced a 1200-km-long aftershock zone along the central
Aleutian megathrust. Although the source parameters of the 1957 earthquake
remain uncertain, tsunami waveform inversions show most slip occurred in the
western part of the aftershock zone with little or no slip in the eastern part near
Unalaska in the Fox Islands ( Johnson and Satake, 1993). This slip distribution
model led to the hypothesis that the Unalaska area is a seismic gap. Here we
challenge this theory with findings from Sedanka and Umnak Islands where we
investigated evidence for high tsunamis at two bays facing the Aleutian trench in
the Unalaska seismic gap.

At Sedanka, the youngest of 6 sand sheets underlies drift logs at elevations
up to 18.5 m above sea level (asl) and was probably deposited in 1957 based on
Cs-137 activity above and below the sand. All 6 sand layers were deposited after
∼1.6 ka and exhibit sedimentary characteristics similar to the features of modern
tsunami deposits.

At Umnak, in a coastal valley ringed by drift logs stranded up to 23 m asl, we
mapped9 sand sheetswithcharacteristics similar todeposits atSedanka.Preliminary
C-14 analyses limit the maximum age of the oldest sand sheet to∼2.2 ka.

Totest theUnalaskaseismicgaphypothesis,wecomparedepositcharacteristics
at both sites, including thickness, landward extent, runup elevation, grading,
bedding, and age. We infer that the highest drift logs at both sites mark minimum
tsunami runup in 1957, which implies substantial slip on the megathrust in the
Unalaska gap, or extensive offshore landslides at both sites. Evidence for repeated
high tsunamis casts doubt on landslides as the primary tsunami source. Instead, our
data imply repeated megathrust earthquakes in the Unalaska seismic gap that recur
every 280 325 years, and call for a reassessment of Aleutian tsunami hazards to
Pacific coasts, especially in Hawaii.

Using Tsunami Deposits to Inform Modeling of Potential Tsunamigenic
Earthquake Rupture Zones Near Unalaska Island, Aleutian Islands
LA SELLE, S. P. M., U.S. Geological Survey, Santa Cruz, CA, slaselle@usgs.gov;
GELFENBAUM, G., U.S. Geological Survey, Santa Cruz, CA, ggelfenbaum@
usgs.gov; WITTER, R. C., U.S. Geological Survey, Anchorage, AK, rwitter@
usgs.gov;KOEHLER,R.D., StateofAlaska,DivisionofGeological&Geophysical
Surveys, Fairbanks, AK, richard.koehler@alaska.gov; BRIGGS, R. W., U.S.
Geological Survey, Denver, CO, rbriggs@usgs.gov; CARVER, G. A., Carver
Geologic Inc., Kodiak, AK, cgeol@acsalaska.net; ENGELHART, S. E., University
of Rhode Island, Kingston, RI, engelhart@mail.uri.edu

In regions with little seismic data and short historical records of earthquakes,
preserved tsunami deposits and tsunami modeling can be used to infer if, when,

and where tsunamigenic earthquakes have occurred. Details of these earthquakes,
suchasmagnitudeandslipdistributionaremoredifficult toestimate,butarealsovery
important to furthering earthquake and tsunami hazard assessments. The Aleutian-
Alaska subduction zone in the region offshore of Unalaska Island is one such region
where the historical and paleo-seismicity is poorly resolved. This section of the
subduction zone is not thought to have ruptured historically in a great earthquake,
leading some to designate the region as a seismic gap. Bymodeling various historical
and synthetic earthquake sources, we investigate whether or not tsunamis that left
deposits nearUnalaska Islandwere generatedby earthquakes rupturing theUnalaska
Gap. Field investigations at Stardust Bay on Sedanka Island (near the eastern end
of Unalaska) identified a sequence of six paleotsunami deposits over the last 1770
years that inundated up to 18.5 m above sealevel. We use GeoCLAW andDelft3D
to model tsunami inundation from historical and synthetic earthquake sources.
Initial results indicate that the previously published sources of the 1957 earthquake
cannot account for the tsunami deposit runup observed at Stardust Bay. Modeled
inundation from a variety of synthetic earthquakes suggest that the entire width of
the Unalaska Gapmust rupture with at least 18 meters of uniform slip to generate a
tsunami that matches deposit runup. Further modeling of hypothetical sources will
explore the effects of using more realistic slip distributions and fault geometries on
modeled tsunami inundation for Stardust Bay. We will also attempt to determine
relative tsunami magnitudes for each tsunami deposit observed in Stardust Bay,
using a forward sediment transport model coupled with the inundation models
currently being used.

Unrevealing the History of Earthquakes and Tsunamis of the Mexican
Subduction Zone
RAMIREZHERRERA,M. T., Instituto de Geografia, UNAM, Mexico City,
Mexico, tramirez@igg.unam.mx; CASTILLOAJA, R., Posgrado en Geografia,
UNAM,MexicoCity,Mexico;CRUZ, S., Posgrado enGeografia,UNAM,Mexico
City, Mexico; LAGOS, M., Instituto de Geografia, PUCCh, Santiago, Chile;
RANGEL, V., Geografia, UNAM, Mexico City, Mexico; NAVA, H., INIRENA,
Morelia, Mexico

The great earthquakes and tsunamis of the last decades in Sumatra, Chile, and
Japan remind us of the need for expanding the record of history of such catastrophic
events. It can’t be argued that evencountrieswith extensivehistorical documents and
tsunami sand deposits still have unsolved questions on the frequency of them, and
the variables that control themalong subduction zones.Wepresent here preliminary
results of a combined approach using historical archives andmultiple proxies of the
sedimentary record to unrevealing the history of possible great earthquakes and
their tsunamis on the Mexican Subduction zone. The Mexican subduction zone
extends over 1000 km long and little is known if the entire subduction zone along
theMiddle AmericanTrench behaves as one enormous unit rather than in segments
that rupture at different frequencies and with different strengths (as the short
instrumental record shows). We searched on historical archives and earthquake
databases to distinguish tsunamigenic events registered from the 16th century to
nowalong the Jalisco-Colima andGuerrero-Oaxaca coastal stretches.Thehistorical
data referred are mostly from the 19th century on since the population on the coast
was scarce before. We found 21 earthquakes with tsunamigenic potential, and of
those 16 with doubtful to definitive accompanying tsunami on the Jalisco-Colima
coast and 22 tsunamigenic earthquakes and the Oaxaca-Guerrero coast. Evidence
of great earthquakes and their tsunamis from the sedimentary record are scarce,
perhaps due poor preservation of tsunami deposits in this tropical environment.
Nevertheless, we have found evidence for a number of tsunamigenic events, both
historical and prehistorical, 1932 and 1400 AD? in Jalisco, and 3400 BP, 1789 AD,
1979ad, and1985ADinGuerrero-Oaxaca.Wecontinueworkingand several events
are still to be dated. This work would aid in elucidating the history of earthquakes
and tsunamis on the Mexican subduction zone.

Development of Next Generation FieldMethods for
Portable Broadband Seismic Arrays
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Crustal Structure of the St. Lawrence Corridor fromMontreal to the Charlevoix
Seismic Zone from a Temporary Broadband Array
BENT, A. L., Geological Survey of Canada, Ottawa, ON, Canada; KAO, H.,
Geological Survey of Canada, Sidney, BC, Canada

While many of the most seismically active zones of eastern Canada lie along the
St. Lawrence River, the region is not uniformly active. The three primary seismic
zones (Charlevoix, West Quebec and Lower St. Lawrence) are separated by regions
of very low seismicity. The reasons for the different levels of activity are not well
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understood.Todeterminewhether there are physical or structural differenceswhich
might explain the difference in activity rates temporary broadband seismometers
were installedalong theSt.LawrenceRiver in the region fromtheCharlevoixSeismic
Zone, northeast of Quebec City, to Montreal to fill in gaps in broadband coverage
by the Canadian National Seismograph Network (CNSN). Stations were typically
installed for about two years and thenmoved to new locations. Thirteen temporary
sites as well as the CNSN stations in the region of interest have been evaluated. The
crustal structurebeneaththestationswasmodeledusingteleseismicreceiver function
analysis. Preliminary models were obtained using a simple linear inversion. Once
the station closed and no new data were forthcoming a Neighborhood Algorithm
inversion was performed to provide a more exhaustive search of the model space
and a quantitative ranking of the relative fits of the models tested. Regional scale
features such as a crustal discontinuity at about 20 km depth and Moho at 35 40
km can be correlated from one station to another. The resulting structural models
do not point to any significant difference between the seismic and aseismic regions,
suggesting that perhaps the differences are temporal although small scale structural
differences cannot be completely ruled out. As the US Transportable Array moves
into the study area stations close to the St. Lawrence will be analyzed to further fill
in gaps in coverage.

Performance Modeling of the Transportable Array in Alaska: Estimated
Magnitude of Completeness and Location Accuracy
ACKERLEY, N. J., Nanometrics, Inc., Kanata, ON, Canada, NickAckerley@
nanometrics.ca

The EarthScope transportable array is planned to begin deployment in Alaska in
2014.Detectionofmore small events and locationof eventswith improved accuracy
will allow for more to be learned from the data collected. Just how well will the
transportable array perform? A modeling tool has been developed which allows
estimates of seismic array performance to be made in the absence of a catalogue.
Existing stations in Alaska, British Columbia and the Yukon Territory were used to
generate a site noise field for the region. A simple one-dimensional velocity model
was assumed. Projected station locations as of December 2013 were used. Existing
station instrumentationwasmodeled for its contribution to the noise floor, andnew
stations are assumed to be posthole Trillium 120 seismometers. The effect of several
importantarrayconfigurationsarebeingmodeled: a) existing instrumentationb) the
proposed transportable array, including new stations in the Yukon c) the proposed
transportable array, excluding new stations in the Yukon d) several hypothetical
permanent arrays derived from the transportable array by removing all but a fraction
of the stations. These comparative analyses show the importance of including the
Yukon in the array, and the utility of leaving behind a relatively dense network
when the transportable array project is finished. It is proposed that further work be
done to validate this modeling by determining the performance of the existing array
from the known catalog, and to improve upon the initial velocity model used as the
transportable goes into service.

Northern Embayment Lithospheric Experiment (NELE): Summary, Status and
Noise Analysis
NELE TEAM*, 1., University of Memphis, Memphis, TN, clangstn@
memphis.edu; AND, 2., Saint Louis University, Saint Louis, MO, herrmarb@
slu.edu; AND, 3., Pennsylvania State University, State College, PA, cammon@
psu.edu; AND, 4., Southern Methodist University, Dallas, TX, hdeshon@mail.
smu.edu; AND, 5., University of Kentucky, Lexington, KY, geowat@uky.edu

NELE is an EarthScope passive array experiment designed to resolve variations in
lithospheric structure that illuminate tectonic processes in the northernMississippi
embayment. It is composed of four 6-month deployments of broadband USArray
FlexArray andborrowed stations to fill in theTransportableArray grid over a period
of two years (September 2011 to October 2013) in 36 locations with sampling
frequency of 40 Hz, as well as a two-year deployment ( July 2013 to June 2015)
of 51 broadband seismometers along three profiles with an average station spacing
of 20 km. The stations on the linear profiles are currently recording at a rate of
100 samples per second and are augmented by 37 existing regional broadband
network stations. In order to estimate the overall station quality and level of earth
noise at each site, we examine the probability density functions of power spectral
densities calculatedusingMcNamara andBuland’s (2004)methodwith comparison
to the Alburquerque Seismological Laboratory low noise model. Diurnal, weekly
andmonthly variations in the noise field are useful for establishing the performance
of the NELE array, for detecting possible operational problems, and for examining
the amplification of the ambient noise field by the thick, low-velocity embayment
sediments. Examples of teleseismic and regional earthquake seismograms over the
linear profiles demonstrate interesting differences in wave propagation inside and
outside of the embayment. (*N. Al Noman, C. Ammon, A. Amosu, S. Ausbrooks,
S.T. Bisrat, B. Bockholt, J. Bollwerk, R. Christianson, M. Cooley, D. Dangkua, H.
DeShon, M. Dhar, L. Feng, L. Guo, Y. Hao, E. Haug, R. Herrmann, S.P. Horton,
M.M. Huda, S. Kelemencky, J. Kutliroff, C.A. LANGSTON, B. Mattingly, C.

McGoldrick, J. Meredith, A. Mostafanejad, S.M. Mousavi, C.A. Nyamwandha, P.
Ogwari, L.P. Ogweno, C.A. Powell, D. Steiner, W. Thomas, Y. Yang, B. Young)

Analysis of Micro-Earthquakes in the Sierra Madre-Cucamonga Fault Zone
Transition as Recorded by a Temporary Seismic Deployment
PAZOS, C. S., California State Polytechnic University Pomona, Pomona, CA,
cspazos@csupomona.edu;LEVARIO,J. J.,CaliforniaStatePolytechnicUniversity
Pomona, Pomona, CA, jjlevario@csupomona.edu; NGET, D., California
State Polytechnic University Pomona, Pomona, CA, dnget@csupomona.edu;
POLET, J., California State Polytechnic University Pomona, Pomona, CA,
jpolet@csupomona.edu

The Sierra Madre-Cucamonga fault zone is an active, North-dipping thrust fault
system located at the base of the San Gabriel Mountains. Near the mouth of San
AntonioCanyon, the fault bends and transitions from the SierraMadre Fault to the
Cucamonga Fault. Coinciding with this bend is the active San Antonio-San Jose
fault system. Where the Sierra Madre fault transitions into the Cucamonga fault
near the mouth of San Antonio Canyon, it is poorly exposed. Major population
centers, including Upland, Rancho Cucamonga, and Claremont, are susceptible to
seismic hazards presented by this fault system.

During the summer of 2013, we conducted a micro-seismic survey of the
Sierra Madre-Cucamonga fault zone. Nine Guralp CMG-6TD seismometers were
deployed in the foothills of theSanGabrielMountains.At the endof the two-month
deployment period, our network had detected over 150 local earthquakes. Included
in this catalog are two M3.7 earthquakes that occurred in the Pomona area. This
strike-slip faulting doublet is part of a sequence of tens of events that may connect
to the Upland earthquakes along the San Jose fault, which is thought to continue
through Cal Poly Pomona campus. To better capture this sequence we moved one
of our seismometers to a location directly above the doublet.

The waveform data recorded by our network, together with data from the
Southern California Seismic Network, will be processed in order to (better) locate
these earthquakes.Weplan touse a combinationof theHYPOINVERSE,VELEST
and, eventually, hypoDD software packages to determine absolute and relative
earthquake locations. These locations will yield a better understanding of the fault
zone geometry and clarify the three-dimensional relationships of the local fault
systems.

What HaveWe Learned from Data from Purpose-Built, Direct-Bury Sensors at
Poker Flat, Alaska?
SLAD, G.W., IRIS/PASSCAL Instrument Center, Socorro, NM, george@
passcal.nmt.edu; ANDERSON, K. E., IRIS/PASSCAL Instrument Center,
Socorro, NM, kanderson@passcal.nmt.edu; REUSCH,M.M., IRIS/PASSCAL
Instrument Center, Socorro, NM, mouse@passcal.nmt.edu; HUTTON, W.,
IRIS/PASSCAL Instrument Center, Socorro, NM, wallis@passcal.nmt.edu;
MILLER, P., IRIS/PASSCAL Instrument Center, Socorro, NM, pmiller@
passcal.nmt.edu; PFIEFER, C., IRIS/PASSCAL Instrument Center, Socorro,
NM, cathy@passcal.nmt.edu; BARSTOW, N., IRIS/PASSCAL Instrument
Center, Socorro,NM, barstow@passcal.nmt.edu; PARKER,T., IRIS/PASSCAL
Instrument Center, Socorro, NM, tparker@passcal.nmt.edu; BEAUDOIN, B.,
IRIS/PASSCAL Instrument Center, Socorro, NM, bruce@passcal.nmt.edu;
GRIDLEY, J., IRIS, Socorro, NM, James.Gridley@iris.edu

Optimizing speedandefficiency fordeploying temporary seismic stationscangreatly
reduce logisticscosts inremoteareas.TheIRIS/PASSCALInstrumentCenter(PIC)
has been exploring methods for emplacing broadband sensors that reduce the time
and materials required. Questions remain as to whether these new emplacement
techniques produce data of equivalent or better quality than standard temporary
seismic vaults. To test the impact of sensor emplacement on data quality, the PIC
completed co-located installations in July 2013 at Poker Flat, Alaska, allowing the
comparison of data quality and sensor performance from purpose-built direct-bury
broadband sensors emplaced in augered holes with observatory-type broadband
sensors installed inTransportableArray (TA)andPASSCAL-style temporaryvaults.
To date, analysis has shown these directly-buried sensors provide similar quality data
to that of sensors installed in temporary vaults, while offering the benefits of reduced
deployment time, constructionmaterial, and logistical requirements.Meeting these
criteria is critical to allow Principle Investigators to effectively and efficiently deploy
within the future TA Alaska footprint.

MedianPSDcalculations fromthePokerFlat installations, throughNovember
2013, show that the direct-bury installations compare favorably with PASSCAL-
style temporary vault installations. Direct-bury installation median PSDs are also
comparable to those of the nearbyTA vault installation: the horizontal components
to periods as long as 10 seconds and the vertical components to beyond100 seconds.
With theadditionaldata collected throughSpring2014,weanalyze theperformance
of direct-bury installations vs. temporary-vault installations using monthly and
seasonalPSDPDFs,magnitude-squared coherence, signal-to-noise ratios, and cross-
correlation.
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A Discussion of Seismic Velocity Models, Attenuation and Stochastic
Properties as Indicators of EGS Favorability in Dixie Valley NV
TIBULEAC, I. M., University of Nevada Reno, Reno, NV, imtseismic@yahoo.
com; IOVENITTI, J., Altarock Energy Inc, jiovenitti@altarockenergy.com

Seismic attenuation, ambient-noise and signal spectral content andcrustal stochastic
properties are investigated as indicators of Enhanced Geothermal System (EGS)
favorability, as opposed to using seismic velocitymodels alone. Themost important
EGS site selection criteria are: temperature greater than 200 250◦C at 3 5km
depth and rock type (permeability and porosity).

We use a unique database of continuous seismic data collected at 42 three-
component broadband station locations in the 2011 2012 in Dixie Valley, NV
(DV). Inthisarea,ahighresolutionPandSseismicvelocitymodelandwaspreviously
estimated, using ambient seismic noise and signal interferometry.Green’s Functions
extracted from autocorrelation and crosscorrelation beams are further analyzed to
estimate crustal attenuation and stochastic properties. Preliminary results of seismic
velocitymodel analysis showa slight correlationofhighVp/Vsmodelswithhighwell
temperature gradients. Anomalies in the GF frequency content are observed in the
DV geothermal production areas when compared to non-production areas. These
results will be statistically compared to the DV EGS favorability map estimated by
Altarock Energy Inc.

DiverseMechanisms of Subduction Zone Fault Slip:
Exploring the Relationships Among Seismic Rupture,
Transient Slip, and Steady Creep
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Temporal Variation of A Large Slow Slip Event at the Southcentral Alaska
Subduction Zone During 2009 2013
FU, Y., Jet Propulsion Laboratory, California Institute of Technology, Pasadena,
CA, Yuning.Fu@jpl.nasa.gov; FREYMUELLER, J. T., Geophysical Institute,
University of Alaska Fairbanks, Fairbanks, AK, jeff.freymueller@gi.alaska.edu;
ARGUS, D. F., Jet Propulsion Laboratory, California Institute of Technology,
Pasadena, CA, argus@jpl.nasa.gov; OWEN, S. E., Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, CA, Susan.E.Owen@jpl.nasa.
gov

Weidentify and study aSlowSlipEvent (SSE) in the southcentralAlaska subduction
zone during 2009 2013 using GPS measurements. This is the second large SSE in
this region sincemoderngeodeticmeasurements becameavailable in1993.This SSE
occurs downdip of the main asperity that ruptured in the 1964 Alaska earthquake,
on the same part of the subduction interface as the earlier 1998 2001 SSE. The
average slip rate of this SSE is∼4 5 cm/yr, with a cumulative moment magnitude
of Mw 7.5 through the end of 2012. As an initial study, we divide this SSE into
two phases according to their transient displacement time evolution; their slip
distributions are similar to each other but slip rates are slightly different. The time
and space dependence of the GPS displacements suggest that the slip area remained
nearly the same during Phase I, while the slip rate increased with time. The SSEs
occur on a transitional section of the subduction plate interface between the fully
locked updip part and the freely slipping deeper part. During the 1964 earthquake,
slip on the region of the SSEwasmuch lower than slip in the updip region. Based on
this observation and the repeated SSEs, we conclude that this part of the interface
slips repeatedly in SSEs throughout the interseismic period and does not build up a
large slip deficit to be released through large slip in earthquakes.Wewill also adopt a
time-dependent inversion strategy to see the whole picture of this event, investigate
its detailed temporal slip variations and discuss how the slip propagates during a
long-term large SSE.

Network Matched Filtering as a Tool for Characterizing Seismic Sequences
in Alaska
HOLTKAMP, S. G., University of Alaska, Fairbanks, Fairbanks, AK, stephen.
holtkamp@gmail.com

Plateboundary faults areknowntoproduce awide rangeof seismic signals associated
with a variety of modes of fault slip. Large earthquakes are the most dominant
signals, but aftershock sequences are useful in defining the rupture area as well as
tracking postseismic processes (e.g., afterslip). Earthquake swarms, here defined as
a temporary increase in seismicity rate without a clear triggering mainshock, are
sometimes related to aseismic slip, but their implication for subductionmegathrusts
is unclear. Non-Volcanic Tremor and swarms of Low Frequency Earthquakes are
thought to be related to aseismic slip deeper on subduction megathrust plate
interfaces, and are proving to be useful for probing fault behavior and interaction. In

order to be useful, each of these types of sequences need to have as complete a catalog
of detected events as possible. Here, we utilize a network matched filter (waveform
correlation,or templatematching)approachtomorecompletelycharacterize seismic
sequences throughout Alaska.

Alaska provides an excellent natural laboratory for developing an automated
network matched filter technique, as there are a variety of highly active and diverse
seismic regions. There is also a great deal of disparity in station coverage between
different regions, with Cook Inlet and several volcanoes having dense coverage
but large areas of Southeast Alaska, the Aleutians, and Northern Alaska having
extremely sparse coverage. We present results of template matching for various
seismic sequences throughout the state. We find that template matching seismic
sequences can increase the number of detected events 2 10 fold when used in
conjunction with traditional seismic techniques. This allows for more robust
statistics of seismic sequences (e.g., b-value) and more detailed tracking of the
evolution of seismic sequences and seismicity rate changes. Lastly, we test methods
for automated double difference relocation of matched-filter enhanced catalogs.

Potential Causes for Along-Strike Variability of Slow Slip Events in South-
Central Alaska
WATKINS,W. D., Indiana University of Pennsylvania, Indiana, PA, w.d.
watkins@iup.edu; COLELLA, H. V., Miami University of Ohio, Oxford, OH,
hcolella@gmail.com; BRUDZINSKI,M. R., Miami University of Ohio, Oxford,
OH; DIETERICH, J. H., University of California-Riverside, Riverside, CA;
RICHARDS-DINGER, K. B., University of California-Riverside, Riverside, CA

Slow slip events (SSEs) are observed in subduction zones around the world and
exhibit a wide range of recurrence intervals, durations, and spatial extents. A
ubiquitous feature of SSEs is the along-strike variability of these characteristics.
However the cause and long-term effects of such variability is poorly understood.
Additionally, it is unclearwhether such variability and segmentation of SSEs persists
beyond human time scales. Here we employ the earthquake simulator RSQSim to
model a megathrust, which consists of seismogenic, slow slip, and continuous creep
sections. The slow slip section is segmented to explore potential causes of along-
strike variability in recurrence intervals, durations, and spatial extent, by varying
parameters such as the effective normal stress, frictional properties, and slip rates.
RSQSim enables simulations of long histories of SSEs over all orders of magnitude,
which allows for robust characterization of the effects of variation in parameters.
Preliminary results show even small variations in these parameters have a significant
effect on observable characteristics of SSEs, which begins to illuminate the primary
controls on along-strike variability. For example, a decrease in the effective normal
stress from 9MPa to 3MPa results in a decrease in the mean recurrence interval and
event duration from 35 to 15 months and 44 to 16 days, respectively, but increases
themean propagation speed from∼7 km/day to∼24 km/day. This research builds
on the previous study and considers variations in fault geometry (i.e. tears in the
fault) and fault roughness in addition to the parameters discussed above. Ultimately
this work aims to reproduce observed SSEs in south-central Alaska.

AProvably Stable Finite-DifferenceMethod for Earthquake Cycle Simulations
ithin Subduction Zones
ERICKSON, B. A., San Diego State University, San Diego, CA, berickson@
mail.sdsu.edu; DAY, S. M., San Diego State University, San Diego, CA, sday@
mail.sdsu.edu

Weare developing a computationalmethod for earthquake cycle simulationswithin
complex geometries. Themethod is developed for the classical plane-strain problem
that can incorporate non-planar fault geometries and material heterogeneities. The
off-fault volume is discretized using finite-differences and coordinate transforms to
handle the curvilinear grid that conforms to the fault. All boundary conditions are
imposedweakly, yielding aprovably stablemethod.As a first step towardsdeveloping
thismethod,we consider a planar, vertical strike slip fault governed by rate-and-state
friction, and load the systemat the remote boundaries at the slow, tectonic plate rate.
During the long interseismic period we solve the equations for static-equilibrium.
Once an event nucleates we have the option of simulating quasi-dynamic events
within the framework, or use the current numerical solution as initial input into the
dynamic rupture code SORD that captures the fine details of wave propagation. An
important application for this computational method will be to fault geometries
representative of subduction zones, where the earthquake cycle may be strongly
influenced by both fault geometry and material property variations.

SSE-Related Seismicity on the Northern Hikurangi Subduction Margin, New
Zealand
BANNISTER, S.,GNSScience,NewZealand, s.bannister@gns.cri.nz;OBARA,
K., ERI, University of Tokyo, Japan; WALLACE, L., U.Texas Austin;
BOURGUIGNON, S., GNS Science, New Zealand; FRY, B., GNS Science,
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New Zealand; D’ANASTASIO, E., GNS Science, New Zealand; EBERHART-
PHILLIPS, D., GNS Science, New Zealand

The subduction interface at the northern Hikurangi subduction margin, New
Zealand, experiences a wide diversity of SSEs at depths less than 15 km. In the
last two years alone a large shallow (Mw 6.8, <15 km depth) SSE occurred on
the subduction thrust beneath Hawke Bay in February 2013, a large shallow (Mw
6.6,<12 km depth) SSE occurred offshore Gisborne in mid-2013, and a moderate
(Mw 6.3, <15 km depth) SSE occurred near Mahia peninsula, in October 2013.
Since 2011we have been recording associated seismicity on a temporary broadband
seismometer array, with 8 seismometer sites positioned between Mahia peninsula
and north Gisborne, the data supplementing the recordings from the national New
Zealand GeoNet seismograph network. The array reduces the average seismometer
spacing down from ca.25 km to ca.12 km above the Mahia-Gisborne SSEs, and
enables higher resolution studies of the seismicity on and near the subduction
megathrust, which is located just ca 12 km beneath the seismometer array.

We have observed a wide range of seismic behaviour immediately before and
during the SSEs. A shallow SSE in December 2011 was preceded by an intense
burst of more than 100 M2-3 events, well located within the subducted Pacific
crust below the subsequent SSE, while the February 2013 Hawke Bay SSE, which
involved 1.5 2 cm of horizontal displacement on cGPS sites, was accompanied by
M3-4.5 events located on the megathrust, between 10-km and 30-km down-dip
of the SSE. Matched-filter analysis is now being used to examine smaller events in
more detail, in order to track the temporal-spatial movement of this seismic activity.
Further analysis of kinematic displacements from 30s and high rate GPS data of the
existing GeoNet network is also being undertaken.

Earthquake Triggering Along the Hikurangi Margin: Implications for Fault
Strength and Stability
VANDER ELST, N. J., Lamont-Doherty Earth Observatory, Palisades, NY,
nicholas@ldeo.columbia.edu; SAVAGE, H. M., Lamont-Doherty Earth
Observatory, Palisades, NY, hsavage@ldeo.columbia.edu

Earthquake triggering by dynamic stresses serves as a mechanical probe of the
strength and stability of faults, because faults must be critically stressed in order to
respond to small transient stresses. The Hikurangi margin has one of the highest
rates of microseismic triggering of any subduction zone studied to date. The high
triggering susceptibility in Hikurangi may be related to the uniquely low coupling
in this region, evidenced by episodic slow slip at relatively shallow depths (∼15
km). Using a stacking method to pull out subtle triggered rate changes in large
populations of micro-seismicity (previously applied to California and Japan) we
find that the northern Hikurangi margin responds strongly and systematically to
surface waves from remote earthquakes. Spatial variations in the susceptibility to
dynamic triggering along the subduction zone are evidence of the differences in
strength between seismically coupled and uncoupled portions of the Hikurangi
plate margin. The region of highest micro-seismic triggerability corresponds
to the mapped location of shallow slow slip events. These two phenomena
microseismic triggering and slow slip have not previously been observed to
coincide. Japan, for example, appears to be at least a factor of 3 less triggerable
using the same method, with essentially no triggered micro-seismicity. Further
study in this region will help constrain the fault conditions that favor dynamic
earthquake triggering and clarify the relationship between fault strength and seismic
coupling.

High Resolution Detection and Location of Low Frequency Earthquakes Using
Cross-station and Cross-detection Correlation
SAVARD, G.,University ofBritishColumbia,Vancouver,BC,Canada, savardge@
eos.ubc.ca; BOSTOCK, M. G., University of British Columbia, Vancouver, BC,
Canada, bostock@eos.ubc.ca

Particle-velocity waveforms of low-frequency earthquake (LFE) templates
corresponding to near-vertical, source-receiver geometries on Vancouver Island
exhibit a dipole wavelet that is characteristic of a moment tensor point-source
and shallow thrust mechanisms. Since S-wave energy is strongly excited for this
geometry and produces highly similar template waveforms at network stations
with consistent polarities on horizontal components, raw LFE waveforms are also
likely to have high coherence. As previously proposed by Armbruster, Rubin and
co-workers, this coherence favors cross-station approaches for the detection and
location of LFEs and tremor.We develop a cross-station correlation approach based
on 3 principles: waveform similarity, causality andmulti-channel phase consistency.
Our LFE location and detection approach comprises three stages. We first use our
cross-station algorithm to get detections on the fly, which results in hundreds of
individual detections per day during strong tremorwith a precisionof less than3km.
Second, we use these detections to construct a catalogue and identify new templates
for network correlation detection (Gibbons andRingdahl 2006, Brown et al. 2008).

Third, we perform fine scale relocation by solving for the optimal delay times across
hundreds to thousands of independent network detections and across stations,
achieving a resolution of a few hundreds of meters. We demonstrate application
to separate arrays on Vancouver Island and northern Washington. As previously
observed by others (Houston 2011, Rubin 2013), we were able to resolve different
modes of LFE propagation: the typical migration along strike to the northwest
(about 5 10 km/d) which is consistent with tremor catalogues by Wech and Kao,
along strike rapid tremor reversal (RTRs) with velocities in the range of 5 30 km/h
and streaks of LFEs migrating roughly downdip or updip with velocities of tens of
km per hour.

PBO StrainmeterMeasurements of Cascadia Episodic Tremor and Slip Events
HODGKINSON, K. M., UNAVCO, Boulder, CO, hodgkinson@unavco.org;
PHILLIPS, D., UNAVCO, Boulder, CO; MENCIN, D., UNAVCO, Boulder,
CO; HENDERSON, B., UNAVCO, Henderson; GOTTLIEB, M., UNAVCO,
Gottlieb; GALLAHER, W., UNAVCO, Boulder, CO; JOHNSON, W.,
UNAVCO, Boulder, CO; PYATT, C., UNAVCO, Pyatt; VAN BOSKIRK,
UNAVCO,Boulder, CO; FOX,UNAVCO,Boulder, CO; PUSKAS,UNAVCO,
Boulder, CO;MATTIOLI, UNAVCO, Boulder, CO;MEERTENS, UNAVCO,
Boulder, CO

Analysis of the frequency, duration and magnitude of Episodic Tremor and Slip
(ETS) events in the Cascadia megathrust subduction zone may provide insight on
deformation processes at the slab interface and help define how the amount of
strain released during these episodes compares to that released during subduction
zone earthquakes. The Plate Boundary Observatory (PBO) currently operates
39 strainmeters in the U.S. Pacific Northwest and on Vancouver Island, Canada.
These sites are multi-instrumented; all include 2Hz geophones andmeteorological
instrumentation while a subset include tiltmeters and pore pressure sensors. Several
are co-located with GPS sites. The strainmeters provide unprecedented temporal
resolution of the ETS events as they evolve and migrate along the Cascadia
subduction zone. In this presentation we document the ETS events detected by
PBO strainmeters since installation of the first sites in 2005 and demonstrate how
the signals can be isolated from the sometimes-noisy strainmeter data.

UNAVCO maintains and operates the PBO network, which includes over
1100 GPS and 82 strainmeter sites. For the strainmeter network, UNAVCO
generates an Earthscope Level 2 processed strain time-series that have had tides,
offsets, instrument strain removed and transformed to obtain areal and shear strains.
These data sets are updated automatically every 24 hours and a follow-up data set
that has been reviewed by a data engineer is released every 7 to 10 days. For events
of special interest UNAVCO generates a 1-sps processed strain time series that
also includes tilt data, pore pressure and high-rate meteorological measurements if
available. Site information,dataqualitymeasurements, current strainplots and strain
time-series forallPBOstrain instrumentscanbeobtainedfromtheUNAVCOPBO
web page (http://pbo.unavco.org/).

Tremor and Seismicity in the Northern Costa Rica Seismogenic Zone Leading
up to the September 5, 2012 Earthquake
TAYLOR, S., University of California Santa Cruz, Santa Cruz, CA, stetaylo@
ucsc.edu; CHAVES, E. J., University of California Santa Cruz, Santa Cruz, CA,
echavess@ucsc.edu; SCHWARTZ, S. Y., University of California Santa Cruz,
Santa Cruz, CA, syschwar@ucsc.edu

On September 5, 2012, a Mw 7.6 earthquake occurred in the Nicoya Peninsula
of Costa Rica, the largest earthquake in the area in over 60 years. Large slow slip
and tremor events have been recorded on the Nicoya Peninsula approximately
every two years, with smaller events, particularly tremor episodes, occurring much
more frequently. We identify the locations of tremor and seismicity on the
Nicoya Peninsula in the months leading up to and following the September 5,
2012 earthquake. We identify and locate tremor using a combination of visual
examination and the automated cross-correlation algorithm modified from Kim
et al. (2011) based on the method developed by Wech and Creager (2008). Using
these locations we analyze the space-time progression of tremor leading up to a
characteristic earthquake on the plate interface below theNicoya Peninsula.We also
compare both tremor and interplate earthquake locations to the well determined
distribution of slip in the mainshock to image fault plane heterogeneity in this
region.

Comparison of Velocity and Attenuation Patterns along the Frictionally
Heterogeneous Nicaragua-Costa Rica Seismogenic Zone
MOORE-DRISKELL, M. M., University of North Alabama, Florence, AL,
mmmoore@una.edu; BISRAT, S. T., University of Memphis, now at Berger
Geosciences, Inc., Memphis, TN, stbisrat@memphis.edu; DESHON, H. R.,
SouthernMethodist University, Dallas, TX, hdeshon@smu.edu
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The Nicaragua/Costa Rica segment of the Middle America subduction zone
exhibits properties that are highly variable along strike and down dip. These
properties include age, temperature, convergence, hydration, overriding geology,
and subducting seamounts/ridges. We use this margin to examine how variable
conditions affect earthquake behavior through Vp, Vs, Vp/Vs, and attenuation
(Qp) images derived using local earthquake tomography methods. Within the
seismogenic zone, we find the margin to be highly variable along strike in Vp/Vs,
seismic velocity, and attenuation. Low velocities dominate the Nicaragua region
where the plate is thought to be very hydrated. Low velocity amplitudes weaken
towards the south in Costa Rica. Microseismicity along the entire plate interface
is confined to a low Vp and low Vp/Vs region extending from 30 50 km from
the trench to approximately the slab-continental Moho intersection, though there
is along-strike variability. In locations with ample resolution, seismogenic zone
earthquakes seem to be limited down-dip by a high Vp/Vs at the continental Moho
intersection with the subducting slab. This may suggest serpentinization of the
mantle wedge. Areas reported to have SSE or LFE are imaged as reduced Vp, Vp/Vs,
and highly reduced Qp (high attenuation). Low Vp and Vp/Vs anomalies may
suggest moderate overpressures along the plate interface and define the seismogenic
zone. Increased Vp and Vp/Vs anomalies updip and downdip of the seismogenic
zone may reflect transitions to more extreme overpressures. These conditions may
favor slow slip and tremorprocesses.NewQmodelswill bepresented for themargin.
We will highlight findings in the Nicoya region, the site of the M7.6 2012 Nicoya
event, in the tsunami earthquake region offshore Nicaragua, and in southern Costa
Rica near the CRISP drilling site. We compare our results with other geophysical
studies including apparent stress, coupling, earthquake rupture, and SSE/NVT
occurrence.

Examining Apparent Stress in Microseismicity along the Costa Rican and
Southern Nicaragua Segments of the Middle America Trench
ROTMAN, H. M. M., NewMexico Institute of Mining and Technology, Socorro,
NM, hrotman@nmt.edu; BILEK, S. L., New Mexico Institute of Mining and
Technology, Socorro, NM, sbilek@nmt.edu; PHILLIPS, W. S., Los Alamos
National Laboratory, Los Alamos, NM, wsp@lanl.gov

The subduction zone along theMiddle America Trench includes significant spatial
heterogeneity along the subducting plate as well as a wide range of slip processes,
from large earthquakes to slow slip and tremor. An important question is how
the spatial heterogeneity affects the types of slip on the plate interface. Along the
Nicoya Peninsula, oceanic crust from two different spreading centers is subducting,
with the transition from topographically rough in the south to smooth subducting
crust in the north; both large earthquakes and slow slip events have also been
observed in this area. Subducting Cocos Plate crust formed at the East Pacific Rise
(EPR) is smoother and seismicity onset is commonly>20 km depth. Cocos Plate
crust formed at the Cocos-Nazca spreading center (CNS) is topographically rough,
including the subducting Quepos Plateau, and seismicity onset is shallower than on
EPR crust. Slow slip events have been observed updip of seismicity on EPR crust
near Nicoya Peninsula, and throughout and downdip of the seismogenic zone on
CNS crust under southern Nicoya. GPS observations also suggest variable plate
coupling along theNicoya Peninsula and offshoreNicaragua. To further explore the
subduction zone heterogeneity, we determine earthquake apparent stress, a source
parameter that can be related to plate coupling, for∼500 events 0.9≤ML ≥ 3.9
from 1999 2006 offshore Costa Rica and southern Nicaragua. We use a spectral
ratio techniquewith amplitudes of the S-wave coda to solve for the seismicmoment,
corner frequency, andapparentstress.Eventsareorganized intospatial clustersbefore
computing ratios in order to minimize path effects. Preliminary results suggest very
heterogeneous apparent stress values of∼0.008 2 MPa, without dependence on
event size or depth. The heterogeneity is consistentwith earlier work in the area, but
current results include lower values of apparent stress than previously determined
for the region.

Spatio-Temporal Variations of Afterslip and Aftershocks Reveal the Role of
Fluids at the Megathrust Ruptured by the Mw8.8 2010 Maule (Central Chile)
Great Earthquake
TASSARA, A., Universidad de Concepcion, Concepción, Chile, andrestassara@
udec.cl; SOTO,H.,UniversidaddeConcepcion,Concepción,Chile,hugoesoto@
udec.cl; BEDFORD, J., GFZ-Potsdam, Potsdam, Germany, jbed@gfz-potsdam.
de; MORENO, M., GFZ-Potsdam, Potsdam, Germany, marcos@gfz-potsdam.
de; BAEZ, J. C., Universidad de Concepcion, Concepción, Chile, jbaez@
udec.cl

Modeling of geodetic and seismologic data at subduction zones suggests that the
distribution of frictional properties on the megathrust is highly heterogeneous.
It is however unclear whether the spatial location of asperities (stick-slip patches
with velocity-weakening frictional behavior) and barriers (stable or conditionally-
stable slidingpatcheswithvelocity-strengthening frictional behavior) is apermanent

feature or it changes fromofone great earthquake to thenext one.Weaim to face this
question analyzing the spatio-temporal behavior of aftershocks and afterslip that
followed the Mw8.8 2010 Maule earthquake, and comparing this behavior with
coseismic slip and preseismic geodetic locking. Afterslip at the megathrust has been
computed inverting surface deformationobserved by a dense network of continuous
GPS stations. We used the NEIC catalog to compute the b-value that characterizes
the frequency-magnitude distribution of seismicity. We created maps and time-
series for both parameters and performed a novel statistical correlation approach
between them, showing that the southern coseismic asperity has low b-values and
very small afterslip during the entire observationperiod suggesting rapidhealing and
re-locking of a mostly dry fault, whereas for the northern coseismic asperity both
parameters fluctuated at high levels during the first months after the earthquakes
and then gradually decreased likely indicating the expulsion and/or precipitation of
pore fluids at the megathrust. The contrasting postseismic behavior inferred along
the strike of this ruptured fault segment only partially resembles the preseismic
distribution of fault locking and b-value and the long-term geological structure
of the forearc (as inferred from gravity anomalies). This indicates that frictional
properties are loosely controlled by this structure and transient processes likely
related to the movement of fluids play a primary role in regulating the distribution
of fault friction.

Temporal Variations of Intraplate Earthuake Activity Following the 2011
Tohoku-Oki Earthquake
DELBRIDGE, B., University of California Berkeley, Berkeley, CA, delbridge@
berkeley.edu; MATSUZAWA, T., Tohoku University, Sendai, Miyagi, Japan,
matuzawa@aob.gp.tohoku.ac.jp; KITA, S., National Research Institute for Earth
Science andDisaster Prev., Tsukuba, Ibaraki, Japan, kita@bosai.go.jp; BUFFETT,
B., University of California Berkeley, Berkeley, CA, bbuffett@berkeley.edu;
ROLAND, B., University of California Berkeley, Berkeley, CA, burgmann@
seismo.berkeley.edu

The locked zone between the subducting and overriding plates host the planet’s
largest earthquakes, including all of the recordedevents ofmomentmagnitude9.0or
larger, however a significant portion of subduction zone events are intraplate events
whichoccurwithintheplate, rather thanalong itsboundary. Inthis studyweexamine
the temporal change of intraplate earthquake activity following the 2011 Mw 9.0
Tohoki-okiearthquake.Duetothe largeruptureareaanddisplacementof theMw9.0
thrust event, we expect that the stress changes within the slab from this event could
be comparable in size with those from slab pull and slab bending and consequently
that the intermediate depth events directly below the locked region will reflect
the change from the slab coupling promoting extensional stresses to compressional
stresses. Specifically we expect that earthquake activity in the upper plane of the
Tohoku region, which is largely downdip compressional, would be promoted, while
the earthquake activity in the lower plane, which is largely down dip extensional
would be suppressed, relative to their pre-Tohoku-Oki Earthquake levels. We find
that down dip of the 2011 source region the ratio of intraplate earthquake activity
in the upper and lower planes of the Tohoku region double seismic zone changes
abruptly following the2011rupturebya factorof3 to5.Capitalizingon insights into
the large-scale and long-term behavior of deformation in subduction zones using
models of thin sheets we quantify the effect of slab bending on subduction zone
seismogenesis. We combine laboratory-based rheological models, precise estimates
of slab shape from relocated earthquake hypocenters, estimates of the state of stress
in the plate from intraplate focal mechanisms, and response to the 2011 Tohoku-
Oki Earthquake to provide constraints and insights for intraplate subduction zone
seismogenesis.

Interaction of Trench-Parallel Fault Systems and the Subduction Zone
Earthquake Cycle Investigated with the IPOC Creepmeter Array in N-Chile
VICTOR, P., GFZ German Research Center for Geosciences, Potsdam, Germany,
pvictor@gfz-potsdam.de; SOBIESIAK, M., Christian-Albrechts University,
Kiel, Germany, monika@geophysik.uni-kiel.de; SCHURR, B., GFZ German
Research Center for Geosciences, Potsdam, Germany, schurr@gfz-potsdam.de;
GONZALEZ, G. L., Universidad Catolica del Norte, Antofagasta, Chile,
ggonzale@ucn.cl; ONCKEN, O., GFZGerman Research Center for Geosciences,
Potsdam, Germany, oncken@gfz-potsdam.de

To understand the interaction of trench-parallel fault systems with the seismic
cycle of the underlying subduction zone, we monitor displacement of the Atacama
Fault System in N-Chile with an array of 11 creepmeters. The creepmeters are
installed along four different segments of the main fault system, located in the
forearc above a 400 km long segment of the Peru-Chile Subduction Zone which
has not ruptured in a large earthquake since 1877. Therefore this array monitors
for the first time the interaction of earthquake activity on the subduction zone
interface and a trench-parallel fault in the overriding forearc during the terminal
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stages of a seismic cycle.Thedisplacement across the fault is continuouslymonitored
with 2 samples/min with a resolution of 1μm. We find no continuous creep for
10 of the 11 stations, but observe step-like displacement events correlated in time
with far field megathrust earthquakes or local earthquakes on the plate interface.
The most prominent event recorded on all creepmeters was the Mw=8.8 Maule
earthquake in 2010 located 1500km to 1800km away from the creepmeter array.
All of the stations showed a triggered sudden displacement event 6 8 min after
the main shock, at the same time of the arrival of the surface waves recorded
at a nearby IPOC seismic station. This points to a dynamic triggering process
caused by transient stress changes during passage of the surface wave. Investigation
of smaller seismic events with Magnitudes <6 located close to a creepmeter
with a co-located Broadband seismometer show step-like displacement events
that are triggered during P and S wave passage, pointing to static stress changes
directly related to the faulting process for proximal events. Our observations
point to a fault system at critical state that can be triggered by very low stress
perturbations.

Effects of Topography and Surface Loads on Earthquakes
and Faulting
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Crustal Deformation from Surface Loading in the Great Salt Lake Region
AMOSU, A. M., CERI, Memphis, TN, walbytes@yahoo.com; SMALLEY, R.,
CERI, Memphis, TN, rsmalley@memphis.edu

We estimate the 3-component surface displacements associated with loading due to
the Great Salt Lake volume variations between 1998 and 2013 using GPS stations
located around the lake in North Utah. The vertical and horizontal displacements
observed are inversely correlated with the lake stage levels. Our goal is to use the
observed response of the Earths crust to estimate its elastic properties. To do this, we
model the interaction of the Earths surface with the load.We use topographic, lake
stage, groundwater, and atmospheric pressure data with an elastic half-space model
of the earth to estimate the surface loading and response in the study region. We
invert the observed deformation to estimate the Youngs modulus fromwhich other
seismic properties of the crust can be inferred.

Heterogeneous Initial Stress States for Dynamic Rupture Propagation in the
2008 Mw 7.9 Wenchuan Earthquake
DUAN, B., Texas A&MUniversity, College Station, TX, bduan@tamu.edu

We perform three-dimensional dynamic rupture simulations to investigate initial
stress states along a branched fault system that can reproduce major features of
rupture propagation in the 2008 Mw 7.9 Wenchuan earthquake. These features
include (1) dynamic branching between the steeply dipping Beichuan fault and
shallowly dipping Pengguan fault, (2) incomplete slip partitioning between the
two faults, i.e., oblique, rather than strike-slip, faulting on the Beichuan fault,
though primarily thrust-slip faulting on the Pengguan fault, (3) triggered rupture
on the Beichuan fault about 40 km to NE of the hypocenter and backward rupture
propagation from there to SW on the Beichuan fault. We use a finite element
method to simulate dynamic rupture propagation on the faults and seismic wave
propagation in a3Dmediumon supercomputers.We find that heterogeneous initial
stress states are needed to reproduce the above features in rupture propagation of the
2008 event. Important features in heterogeneous initial stress states from dynamic
rupturemodels include (1) significantly higher differential stresses at shallow depth
on the SW segment of the Beichuan fault, (2) smaller angles between themaximum
principal stress and the fault strike on the fault system at about 40 km NE of
the hypocenter where triggered rupture occurred, and (3) narrow ranges of initial
stress states that permit simultaneous rupture along the two faults. These features
in initial stresses correlate well with the existence of the Pengguan massif along the
SW segment of the rupture and the Xiaoyudong fault about 40 km to NE of the
hypocenter. In particular, with significant topography along the SW segment and
opposite effects of topographic stress with respect to tectonic stress there reported
by recent studies, the first feature suggests that the SW segment of the Beichuan
fault either experienced a longer tectonic loading period or a faster thrust stress
accumulation rate before the 2008 event.

The Influence of Stresses from Topography on the 2008 Wenchuan, China
Rupture: Implications for Tectonic Stresses and Rupture Processes
STYRON, R. H., Dept of Earth and Environmental Sciences, University of
Michigan, Ann Arbor, MI, richard.h.styron@gmail.com; HETLAND, E. A.,
Dept of Earth and Environmental Sciences, University of Michigan, Ann Arbor,
MI, ehetland@umich.edu

The 2008 Wenchuan, China earthquake is notable for the heterogeneity of slip
magnitude and rake along the fault patch. The earthquake also occurred at the base
of the Longmen Shan, one of the steepest and highest mountain ranges on earth.
In this work, we investigate whether stresses in the upper crust from the weight of
the Longmen Shan affect faulting in the region. Particularly, we explore whether
stresses on the fault from topographic loading may have impeded or promoted
fault slip, and to what degree the fault slip heterogeneity may be explained by
heterogeneoustopographicstresses.Wecalculate topographicstressesusingstandard
elastic halfspace techniques. We convolve a digital elevation model of topography
with Green’s functions derived from Boussinesq’s solutions for a vertical point load
at the surface of a halfspace, then correct for the irregular surface boundary and
spreading forces from topography above the halfspace. Stresses are then projected
onto the fault plane. We find that topographic shear stresses on the fault are on the
order of 10MPa, and in general opposed to the direction of fault slip. Topographic
normal stresses are up to ∼80 MPa and are highly variable. Because shear stress
from topography and fault slip are opposed, we infer that tectonic stresses overcame
topographic stresses during the Wenchuan event; this allows us to use topographic
stresses to place minimum bounds on the magnitude of tectonic stress at the time
of rupture, with trade-offs between these quantities and lithostatic pressure, pore
fluid pressure, and fault friction. Additionally, a negative correlation between slip
magnitude and topographic normal stress magnitude suggests that normal stresses
may influence fault arrest.

Coseismic Slip in the 2013 Lushan, China Earthquake and Topographic Fault
Loading
HETLAND, E. A., University of Michigan, Ann Arbor, MI, ehetland@umich.
edu; STYRON, R. H., University of Michigan, Ann Arbor, MI, styron@
umich.edu; ZHANG, G., Institute of Geology, Beijing, China, guohongz@
umich.edu; MEDINA LUNA, L., University of Michigan, Ann Arbor, MI,
lmedina@umich.edu

The 2013 Mw6.8 Lushan, China earthquake primarily ruptured a steeply dipping
blind thrust fault along the Longmen Shan fault zone (LMSF), to the southwest
of the 2008 Mw7.9 Wenchuan earthquake. The LMSF region is characterized by
extremely high topographic relief and gradient. Both the Lushan and Wenchuan
earthquakes occurred on primarily NWdipping faults, range-parallel reverse faults.
Strong motion data from the Lushan event reveals a relatively compact, almost
entirely thrust-sense slip patch during the Lushan earthquake, in contrast to the
highly heterogeneous rake and slip magnitude inferred in the larger Wenchuan
event. Additionally, there is some suggestion in the strong motion data from the
Lushan event of normal-sense slip on a parallel SE-dipping fault in the reverse
fault’s hanging wall. Regardless of whether this antithetic fault ruptured in the
Lushan earthquake, it is clearly delineated by aftershocks, and is likely an important
structure in the Lushan earthquake story. Both the main thrust slip in the Lushan
earthquake, as well as the possible normal slip on the adjacent structure, was in the
opposite sense to the direction of fault shear stresses due to topographic loading.
This suggests that the main thrust slip (and potential antithetic normal slip) in
the Lushan earthquake was responsible for building topography. Due to the close
proximity of the two structures active in the Lushan earthquake, it is likely that
they are influenced by the roughly the same background tectonic stress. Utilizing
the topographic stresses, and assuming that coseismic slip is in the direction of
the maximum shear stresses resolved on the faults at the time of the rupture, we
constrain the tectonic stresses using several scenarios consistent with coseismic slip
in the Lushan earthquake inferred with strong motion data.

CoulombStress, SurfaceDisplacement andSeismicRateChangesAssociated
with Ice Mass Fluctuations on Seasonal, Annual, and Decadal Time Scales
in South Central Alaska
SAUBER, J.,NASAGSFC,Greenbelt,MD,Jeanne.M.Sauber-Rosenberg@nasa.
gov; RUPPERT, N., AEIC, Geophysical Instit., University of Alaska Fairbanks,
Fairbanks, AK, natasha@gi.alaska.edu

Between Yakutat and Cordova in southern Alaska, large ice mass fluctuations
occur in a region of upper crustal faulting and folding associated with collision
and accretion of the Yakutat terrane. Following the Little Ice Age, glacial retreat
in this area commenced in the late 19th century. The last great earthquakes
occurred in 1899. For the Chugach-St. Elias region, GRACE 1 degree x 1 degree
mascon estimates indicate a general trend of annual ice mass loss (2003 2012)
but with large, variable seasonal mass fluctuations. For comparison to PBO GPS
site positions, surface displacements and incremental stress changes associated with
annual and seasonal ice and snow changes were calculated using PyLith 3-D Finite
Element Model (FEM). To empirically evaluate the influence of short-term ice
fluctuations on fault stability, we compared the seismic rate (M>1.8) from a
reference background time period against other time periods with variable ice
or tectonic change characteristics. After probable icequakes were removed from
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the AEIC catalog, we found that the frequency of small earthquakes increased
significantly in the 2002 2006 warmer time interval relative to the reference time
period of 1988 1992. Additionally, there was a significant increase in these small
events in the late summer and fall especially in warmer years such as 2004/5.
To calculate the longer-term influence of Little Ice Age retreat on Coulomb stress
changesonregional faults,weareusingPyLithassuminga linearMaxwell viscoelastic
Earth model. Our earlier 2-D TECTON FEM calculations suggest cumulative
changes over 80 years of 0.2 1.2MPa along the main thrust zone between the Gulf
of Alaska coast and epicenter of the 1979 St. Elias earthquake.

The Role of Frictional Softening and Erosion on Thrusting Sequences in
Accretionary Prisms Based on Sequential Limit Analysis
MARY, B. C. L., Université de Cergy-Pontoise, Cergy-Pontoise, France, baptiste.
mary@u-cergy.fr; MAILLOT, B., Université de Cergy-Pontoise, Cergy-Pontoise,
France, bertrand.maillot@u-cergy.fr; LEROY, Y. M., Total, Pau, France, yves-
marie.leroy@total.com

Sequential Limit Analysis method is applied here on sedimentary rocks accreted by
tectonic compression above a basal écollement (such as accretionary prisms) in a 2D
vertical cross-sectionwithuniformproperties. Each shortening increment combines
a thrust fold (TF) kinematics inspired by fault-bend folding, and a mechanical
optimization to select the TF parameters (position along the décollement and dips
of the ramp and of its conjugate shear plane) that require the minimum tectonic
force. The rocks are described by their density, the Coulomb criterion, and a drop
in the friction angle on the active ramp (friction softening). At each increment, a
new TF is initiated if it provides a lower force than the currently active one. The
life-span of a TF results from the competition between frictional softening and the
uplifted mass in the current TF hanging wall.

Without softening, a newTF is activated at each increment, and this results in
a ductile-looking deformation. History of the position of the active TF within the
prism can be followed for millions of years, and it reveals a chaotic behaviour in the
form of an extrem sensitivity to surface perturbations. However, a statistical analysis
reveals a step-wise distribution of slip on the décollement, that can be explained by
a simple geometric construction.

Frictional softening (i) perturbs the slip pattern on the décollement, (ii)
provides a finite life span to every TF and a finite thickness to thrust sheets and,
(iii) creates a long-term cyclicity of activation of the accreting frontal region and
recurrent activation of the large ramps in the back of the prism. This long-term
recurrence is modulated by the accreting sedimentary flux.

A simple, sand-box like, erosion lawprolongs the activity of a given thrust-fold
and provokes the formation of imbricate fans, duplexes, and the exhumation of deep
materials, very much as observed in real settings (e.g., Taiwan, New Zealand, and
analogue models).

Emergence of Continuously Recording Very Large Array
Capabilities in Seismology
Poster Session ·Wednesday · 30 April ·Cook/Arteaga
Retrieval of Core Phases fromAmbientNoiseCross-correlationUsing aDense
Large-aperture Broadband Array in Southwest China
WANG,W. T., Institute ofGeophysics,ChinaEarthquakeAdministration,Beijing,
China,wangwt@cea-igp.ac.cn;TSAI,C.V., Seismological Laboratory,California
Institute of Technology, Pasadena, CA, tsai@gps.caltech.edu; WANG, B. S.,
Institute of Geophysics, China Earthquake Administration, Beijing, China,
wangbs@cea-igp.ac.cn

With the deployment of very large broadband seismic arrays, there has been an
explosion in the use of continuous seismic records as well as new techniques applied
to dense arrays.

From early 2011 through the end of 2013,more than 350 broadband portable
seismic stations were deployed in southwest China. These stations, combined with
theexisting88broadbandpermanentstations, composedadense large-aperturearray
covering a ten by ten degree area with average station spacing of less than 50 km.

We calculated daily cross correlation functions (NCFs) up to 3600s using the
vertical component of those 435 broadband stations using two years of continuous
records. After stacking all dailyNCFs of each path into one referenceNCF, a further
spatial stack, referred to as array interferometry, was conducted by stacking NCFs
with similar inter-station distances into one trace.

After applying array interferometry, we observe strong signals that arrive after
the fundamental surface wave. By analyzing the travel times of these signals, we
clearly identify the core reflected ScS around 900s and the twice refracted PKIKP2
phase around 2400s. Moreover, these also exist strong signals from 3000s to 3600s,
which could be PcPPKPPKP and PcPPKPPKS. The temporal variability of the

amplitude of ScS and PKIKP2 show positive correlation with the global seismicity,
implying those core phases may originate from the long lasting scattered coda waves
of significant earthquakes.

Our results, combined with previous results using USArray (Lin et al., 2013),
show that core phases can be extracted wherever high-density arrays exist. The
geometry of sampling of the earth’s deep interior can therefore be improved using
array interferometry, overcoming the limitation of earthquake-station geometries.
Further work on better understanding the detailed waveforms of the spatial
stacked NCFs are still necessary in order to use those signals to investigate deep
earth structure.

An Earthquake Detection Algorithm with Pseudo-Probabilities of Multiple
Indicators
ROSS, Z. E., University of SouthernCalifornia, Los Angeles, CA, zross@usc.edu;
BEN-ZION, Y., University of Southern California, Los Angeles, CA, benzion@
usc.edu

We develop an automatic earthquake detection algorithm combining information
from numerous indicator variables in a non-parametric framework. The method
is shown to perform well with multiple ratios of moving short- and long-time
averages having ranges of time intervals and frequency bands. The results from
each indicator are transformed to a pseudo-probability time-series (PPTS) in the
range [0, 1]. The various PPTS of the different indicators are multiplied to form
a single joint PPTS that is used for detections. Since all information is combined,
redundancy among the different indicators produces robust peaks in the output.
This allows the trigger threshold applied to the joint PPTS to be significantly
lower than for any one detector, leading to substantially more detected earthquakes.
Application of the algorithm to a small data set recorded during a 7-d window by 13
stations near the San Jacinto fault zone detects 3.13 times as many earthquakes as
listed in the SouthernCalifornia SeismicNetwork catalogue. Themethod provides
a convenient statistical platform for including other indicators, and may utilize
different sets of indicators to detect other information such as specific seismic
phases or tremor.

Recovering Seismic Green’s Functions Using Icequake Coda Interferometry
at Erebus Volcano, Antarctica
MCMAHON, N. D., Colorado State University, Fort Collins, CO, nicole.
mcmahon@colostate.edu; CHAPUT, J. A., Universite Joseph Fourier, Grenoble,
France, jchaput@ees.nmt.edu; KNOX, H. A., Sandia National Laboratories,
Albuquerque, NM, haknox@sandia.gov; ASTER, R. C., Colorado State
University, FortCollins,CO, rick.aster@colostate.edu;KYLE,P.R.,NewMexico
Institute of Mining and Technology, Socorro, NM, kyle@nmt.edu

Seismic interferometry has emerged in the past decade as a powerful technique for
interpreting passive seismic data and has been particularly useful for retrieving
portions of elastic Green’s functions in continental settings and for detailing
structure and monitoring temporal variations at microseism periods (e.g., near 8
Hz) at volcanoes. Coda wave interferometry studies to retrieve body waves have
previously been performed on Erebus volcano utilizing Strombolian eruption coda
signals to image the internal structure of the volcano using short period body waves.
Here we demonstrate that short-period surface and body wave Green’s functions
can also be recovered by correlating icequake coda signals on this highly glaciated
volcano. A dense network of 99 short-period, three-component seismometers were
deployed in a 3× 3-km array surrounding the summit crater during the 2008 2009
austral summer. Coda data from near-surface source icequakes (likely crevassing
events) recorded during the month of December 2008 were cross-correlated
revealing both body- and surface-wave portions of the Green’s functions across
the array. Recovery of Green’s functions utilizing icequake coda can be used to
enhance recovery of structural details and has possible monitoring applications on
glaciated volcanoes.

Determining the Geometry and Kinematics of an Earthquake Fault using
Seismic Gradiometry
OVERMAN, K. E., Georgia Regents University, Augusta, GA, koverman@
gru.edu; POPPELIERS, C. J., Georgia Regents University, Augusta, GA,
cpoppeli@gru.edu

Seismicwave gradiometry relates the spatial gradients of thewavefield to the velocity
and radiation pattern through two spatial coefficients in up to three dimensions.
The first coefficient relates to the vector slowness of the wavefield and has been
the subject of most current gradiometry research. The second coefficient gives the
amplitudechangeas a functionofpositionanddirectionalong thewavefront (i.e. the
radiation pattern) and is directly related to the seismic moment tensor. In principle,
it should be possible to invert for the parameters of the seismicmoment tensor using
the spatial derivatives of the wavefield and an assumed seismic source model. In this
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work, we explore the feasibility of inverting the P-wavefield for the parameters of
the seismicmoment tensor.We assume that the data are recorded in the far field and
that the earthquake source is pure double couple dislocation described by the strike,
dip, and rake of a fault.

We start with a partial differential equation relating the P-wave radiation
pattern to the spatial derivatives of the seismic wavefield. We attempted a finite
difference solution to this equation, but found that we obtained only a trivial
solution. However, we find that a computationally intensive grid search algorithm
can return the fault parameters of a double couple model.

Rupture Speeds of Recent Large Earthquakes
WANG, D., Earthquake Research Institute, Tokyo, Japan, dunwang@eri.u-
tokyo.ac.jp; MORI, J., Disaster Prevention Research Institute, Uji, Kyoto, Japan,
mori@eqh.dpri.kyoto-u.ac.jp; KOKETSU, K., Earthquake Research Institute,
Tokyo, Japan, koketsu@eri.u-tokyo.ac.jp

Studying the rupture speeds of earthquakes is of broad interesting for earthquake
research because it has a large effect on the strong near-field shaking that
causes damage during earthquakes. Also rupture speed is a key observation for
understanding the controlling stresses and friction during an earthquake, yet the
speed and its variations are usually difficult todetermine.Usingonly far-field seismic
waveforms, which is the only data available for many large earthquakes, there are
problems for estimating the rupture speed with standard waveform inversions, due
to trade-off between the rupture speed and the slip location.

Here we applied a back projection method to estimate the rupture speeds of
Mw=7.5 strike-slipearthquakes since2001whichcouldbeanalyzedusingHi-net in
Japan.We found that all events had very fast average rupture speeds of 3.0 6.0 km/s,
whicharenearorgreater thanthe local shearwavevelocity (supershear).Thesevalues
are faster than for thrust and normal faulting earthquakes that generally rupture
with speeds of 1.0 3.0 km/s.Considering the depth-dependent shear-wave velocity,
the average propagation speeds for all of the strike-slip events are closer to or greater
than the shear wave velocity. For large strike-slip events, transition from subshear
to supershear usually occurs within distances of 15 to 30 km from the initiation,
which is probably the reason for the scarcity of observed supershear earthquakes for
smaller magnitudes.

Earthquakeswith supershear ruptures cancausemoredamage thaneventswith
subshear ruptures because of the concentration of energy in the forward direction of
the rupture. Numerical modeling shows strong focusing and other effects of energy
at the rupture front which can intensify the ground motions. Careful evaluation
of long and straight strike-slip faults should be emphasized for predicting strong
ground motions due to supershear rupture.

Earthquake Locations using a Wave Gradiometer in Southern Illinois
MEREDITH, J. A., CERI, University of Memphis, Memphis, TN, jmredith@
memphis.edu; LANGSTON, C. A., CERI, University of Memphis, Memphis,
TN, clangstn@memphis.edu

The Center for Earthquake Research and Information (CERI) deployed a surface
gradiometer array to observe aftershocks from the 2008 M5.4 Mt. Carmel, Illinois
earthquake. The array consisted of 5 instruments arranged in a square finite
difference star with 25 meter spacing and a center element designed for waves
with 0.2km to 2km wavelengths. The array recorded local aftershocks and quarry
blasts. Quarry blast data enable tests of gradiometry-derived wave attributes with
this array and yield azimuths within 10 degrees of the inferred quarry locations.
We then use azimuth and slowness estimates determined from gradiometry to help
locate aftershocks. Results are compared to published event locations. Horizontal
determination of epicenters can change by up to 10 km and as little as 10 meters
from published results. Slowness determinations had relatively poor resolution and
placed the earthquakes within the same 20 km thick layer in the velocity model.
We also compare results between wave polarization analysis and gradiometry to
infer azimuths to events. One method of polarization analysis to find azimuth
consisted of minimizing the energy within a P wave time window in the transverse
component. We found that propagation azimuth determinations could be very
similar between techniques but were dependent on choice of time windows and
data filter parameters.

Explosive Source Characterization
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Understanding Shear Motion from Underground Explosions in Granite
VOROBIEV, O. Y., LLNL, Livermore, CA, vorobiev1@llnl.gov;
STROUJKOVA, A., Weston Geophysical Corp., Lexington, MA; EZZEDINE,

S. M. E., LLNL, Livermore, CA, ezzedine1@llnl.gov; HERBOLD, E. B.,
LLNL, Livermore, CA, herbold1@llnl.gov; GLENN, L., LLNL, Livermore, CA;
ANTOUN, T., LLNL, Livermore, CA

This work is focused on analysis of near-fieldmeasurements recorded during Source
Physics Experiments as well as experiments conducted in central New Hampshire.
One of themain goals of these experiments is to investigate the possiblemechanisms
of shear wave generation in the nonlinear source region. Experiments revealed
significant tangential motion at many locations. Furthermore, azimuthal variations
in radial velocities were also observed which cannot be generated by a spherical
source in isotropic materials. Understanding the nature of this shear motion is
important for discriminating between the natural seismicity and underground
explosions signatures. Possible mechanisms leading to such motion include, but are
not limited to, heterogeneities in the rock such as joints, faults and geologic layers
as well as surface topography and vertical motion at the surface caused by material
spall and gravity.Wehave performed3Dcomputational studies considering all these
effects. We assume that the rock has preexisting fractures which can modify radial
motion from the source based on local conditions such as friction, water saturation
and fracture orientation. Also, in repeatable events these conditionsmay change due
to the damage closer to the source and at the boundaries between various layers.
We use history variables in the model which describe damage accumulation both at
the preexisting fractures and in the continuum to model new fracture generation.
Results of our studies in the near field can be used to build a better sourcemodel for
seismicwavepropagation fromundergroundexplosionswhich includes information
from the site characterization.

This work performed under the auspices of theU.S.Department of Energy by
LawrenceLivermoreNational Laboratory underContractDE-AC52-07NA27344.

Coupled Non-linear and Linear Acoustic Wave Propagation Codes for
Explosion Monitoring
PRESTON, L., Sandia National Laboratories, Albuquerque, NM, lpresto@
sandia.gov; JONES, K. R., Sandia National Laboratories, Albuquerque, NM,
krjones@sandia.gov

Seismic and acoustic signals emanating from explosions are powerful
phenomenologies that can be exploited for detection, identification and
characterization. However, accurate and reliable identification of events requires
the ability tomodel both the source physics and propagation of seismic and acoustic
waves to global and regional monitoring stations. The ability to accurately simulate
explosions is critical for nuclear monitoring, forensic evaluations and scenario
modeling. Nonlinear algorithms such as Sandia’s CTH code can simulate the
actual explosions, but they are inefficient and inaccurate at propagating these signals
at great distances. A linearized wave propagation code, coupled to a nonlinear
code, provides an efficient mechanism to both accurately simulate the explosion
itself and also propagate these signals to distant receivers. We have successfully
coupled radCTH and SNL’s linearized acoustic code, Acousti, for a simple test
case. We will present results of this coupling simulation. The shape of the domain
of coupling between linear and non-linear algorithms and the distance at which
the coupling is implemented can affect far field wave amplitudes and shapes.
This provides a means of investigating how the wavefield evolves toward linearity
as a function of distance from an explosive source. The approximate distances
where the wavefield is sufficiently close to linear will also be explored. Ultimately,
the code can be validated with observations obtained from the Source Physics
Experiment.

This work was done under award number DE-AC52-06NA25946. Sandia
National Laboratories is a multi-program laboratory managed and operated by
Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation,
for the U.S. Department of Energy’s National Nuclear Security Administration
under contract DE-AC04-94AL85000.

Comparing Modeled and Observed Infrasound Signals from the Source
Physics Experiment Tests 2 and 3
JONES, K. R., Sandia National Laboratories, Albuquerque, NM, krjones@
sandia.gov; WHITAKER, R. W., Los Alamos National Laboratory, Los Alamos,
NM, rww@lanl.gov; ARROWSMITH, S. J., Los Alamos National Laboratory,
Los Alamos, NM, arrows@lanl.gov

The overall mission of the Source Physics Experiment is to improve upon and
develop new physics basedmodels for underground nuclear explosions using scaled,
underground chemical explosions as proxies. Jones et. al, (AGU 2013) previously
presented results describing the use of theRayleigh integral (RI) tomodel the source
region of the SPE explosions. These results showed that the source region could be
easily and accurately modeled using the RI.We follow-on to this work by analyzing
and modeling infrasound data collected during SPE-3. This test was designed to
be as similar as possible to SPE-2 and although the tests were similar in yield, we
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observed a reduction in peak acceleration and pressure amplitudes.We hypothesize
that this could be due to the ‘damage zone’ from the previous test.

This work was done under award number DE-AC52-06NA25946. Sandia
National Laboratories is a multi-program laboratory managed and operated by
Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation,
for the U.S. Department of Energy’s National Nuclear Security Administration
under contract DE-AC04-94AL85000.

USArray Acoustic Capabilities Confirm Significant Meteor Sighting
EDWARDS,W. N., Canadian Hazards Information Service, Natural Resources
Canada, Ottawa, ON, Canada., wayne.edwards@nrcan-rncan.gc.ca; DE
GROOT-HEDLIN, C., Scripps Institution of Oceanography, UCSD, La Jolla,
CA, chedlin@ucsd.edu; HEDLIN, M. A., Scripps Institution of Oceanography,
UCSD, La Jolla, CA, hedlin@ucsd.edu

The addition of atmospheric acoustic sensors as part of the transportable stations of
USArray have allowed a detailed explanation to be provided to the public andmedia
regarding a recent significant meteor event observed over the region of Montreal,
Canadaonnight ofNovember26, 2013.Themeteor, obscuredby cloudy conditions
after a winter storm, was perceived by residents only as a bright blue flash followed
subsequentlyby loud thunderous soundsandrumbling.Beingunusual andoccurring
during early eveninghours, the eventquickly becamea sourceof great public interest,
prompting significant media attention. The acoustic event went nearly unobserved
by all regional seismic instruments, but was a significant source of infrasonic sound
readily recorded by USArray barometric and microbarometric sensors currently
operating in the region.

Infrasonic recordings of ballistic shockwaves, characteristic of ahypersonically
travelling object, were observed betweenMontreal, QC andMalone, NY, while the
object’s apparent subsequent break-up was recorded over hundreds of kilometres
to the ESE and constrain the object to a generally north-south trajectory. With
no reported predictions of the re-entry of orbital debris, the source of the event
was most-likely that of a sizable meteoroid. Size estimates for the meteoroid, based
on signal characteristics and theoretical and empirical relationships, range between
0.2 - 0.6 m in diameter for a spherical body, depending upon its velocity which
remains constrained but unknown. Anymeteorites that may have resulted from the
event have not been identified to-date, yet due to the presence of USArray acoustic
capabilities a detailed explanation to this highly unusual event was able to be
provided to media for public consumption from trusted sources, where speculation
and conjecture may have otherwise run rampant.

Fiber Optic Acoustic Sensing (FOAS) Far-Field Observations of SPE 3
MELLORS, R. J., Lawrence Livermore National Laboratory, Livermore, CA,
mellors1@llnl.gov; PITARKA, A., Lawrence Livermore National Laboratory,
Livermore, CA, pitarka1@llnl.gov; KUHN,M., Oak Ridge National Laboratory,
Oak Ridge, TN, kuhnmj@ornl.gov; STINSON, B., Oak Ridge National
Laboratory, Oak Ridge, TN, stinsonbj@ornl.gov; FORD, S. R., Lawrence
Livermore National Laboratory, Livermore, CA, ford17@llnl.gov; SNELSON,
C., National Security Technologies, LLC, Las Vegas, NV, SNELSOCM@nv.doe.gov;
DRACHENBERG,D., Lawrence LivermoreNational Laboratory, Livermore, CA,
drachenberg1@llnl.gov

Fiber Optic Acoustic Sensing (FOAS) is a relatively new sensor that uses the fiber
optic cable itself to measure strain induced by seismic and acoustic waves (e.g. both
vector and scalar waves). Here we show results from two deployments recorded
during a Source Physics Experiment (SPE) shot (SPE3). One dataset is from a long
(∼30 km) roughly linear deployment approximately radial to the source and the
second is a shorter (∼3 km) deployment at a higher angle to the source. Equivalent
sensor spacing is on the order of 10 and 16 m, respectively, although the signal
represents an average rather than a point measurement. We compare the FOAS
time series data with nearby seismic sensors. Relative amplitudes appear slightly
anomalous compared to the seismic sensors and the FOAS signal-to-noise ratio is
generally lower.We generate simple synthetics by calculating linear strain using a 3D
finite difference code and compare with observed results. The FOAS data appears
useful for arrival times. Currently, we lack a well-defined instrument response and
therefore techniques that require absolute calibration are difficult although relative
calibration may be possible. We note that FOAS technology is rapidly improving
and these issues may be addressed in the future. This work was performed under
the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344.

Waveform Analysis of Scholte Waves Observed in San Diego Trough using a
Seafloor Source and OBS
DORMAN, L. M., Scripps Inst of Oceanography, Univ of California, San Diego,
La Jolla, CA, ldorman@ucsd.edu

A seafloor sound source has the fundamental advantage over a surface ource of
releasing its energy much closer to its sub-sea sediments. It an produce abundant
shear-wave energy. Since marine mammals spend most f their time near the surface,
a seafloor source reduces their exposure to damaging acoustical signals.Dorman and
Sauter, 2006, Geophysics, designed and built an implosive source for deep/seafloor
use. Our existing device is designed to operate down to a depth of 2000 meters. It
uses a two-stage valve that allows rapid flooding of a 20-liter cylinder. This volume
is has the same moment as 1/4 kg of explosive fired at 800 meters depth, although
the source signature islonger.

This source is effective inexciting interface (Scholte)waveswhosedispersion is
diagnostic of the shear wave structure of the seafloor sediments.We earlier analyzed
data from the SanDiegoTrough (SDT) bymatching observed and calculated group
velocity dispersion, andnowextend that analysis towaveformanalysis as done earlier
for explosive-generated waves by Nolet and Dorman, 1996, GJI. We modeled the
explosive source using the hydrocode SIN.

The goal of the waveform analysis is to produce a good-enough model to use
as a Greens function to extract the time history of the sourcemoment.We currently
donot have a gooddynamicmodel of the implosive source, but doknow itsmoment.

Seismic-Wave Gradiometry Applied to a Small-Scale Exploration Dataset
KENDALL, L., University ofMemphis,Memphis, TN, lmkndall@memphis.edu;
LANGSTON, C. A., University of Memphis, Memphis, TN, clangstn@
memphis.edu

Seismic-wave gradiometry is an array-processing technique that utilizes spatial
gradients between receivers to give information about wave timing and amplitude
that can be applied to many geophysical problems. The concepts of 2D seismic-
wave gradiometry are explored using a huddle test and three small-scale experiments
with 24 vertical geophones and sledge hammer sources. A huddle test is performed
to calibrate the geophones. Results show that relative gains cannot be completely
characterizedbecauseof geophone/ground interaction. Synthetic tests showthat3%
gain errors introduces errors of up to 3% into gradiometry-derived wave attributes.
A standard linear refraction array is constructed to investigate the slowness and
frequency content of hammer sources in order to understand induced and ambient
wavefields recorded by two gradiometer designs. One design consists of four, six-
instrumentgradiometers ina lineararray to investigate thespatial/temporalvariation
of horizontal slowness, wave azimuth, radiation pattern, and geometrical spreading
for sources close to the array as well as test the location abilities of the gradiometer
array. The gradiometers were able to correctly determine the slownesses of the P-
waves and surface waves identified in the refraction profile. A second gradiometer
experiment involves four superimposed cells to explore precision in calculation of
spatial gradients.This analysiswasdone for combinations of the eight center stations
for refracted P-wave and surface wave arrivals. Refracted P-wave slowness precision
increased by 70% and azimuth precision increased by 66%when two center stations
were used instead of one. For a surface wave arrival, the slowness precision increased
57% and the azimuth precision increased 99% when two center stations were used
instead of one. These small-scale experiments show that off-the-shelf geophones
may be used to build useful gradiometer arrays.

Yield and Depth of the SPE Chemical Explosions by Modeling of Local
Waveforms Using a Source Consisting of Pure Explosion and Spall Sources
SAIKIA, C. K., Air Force Technical Applications Center, Patrick, FL,
chandanksaikia@gmail.com; WOODS, M., Air Force Technical Applications
Center, Patrick, FL,mwoods&aftac.gov

Regional waveforms generated by nuclear explosions are often used to invert
for the moment tensor matrix to estimate the seismic moments of the isotropic,
compensated linear vector dipole (CLVD) and double couple (DC) sources. In this
paper, we modify this conventional approach to a grid-search technique assuming
that the sources of theSPEchemical explosions consist of twomechanisms, isotropic
and spall. In a separate analysis, we also include an additional DC source known
to exist at a close proximity to the shot point. There is strong evidence of spall on
the surficial accelerograms recorded very close to the shot point as well as that of
a steeply dipping fault in the area surrounding the shots. The relative timing of the
spall signal and dwell provide basic information regarding their delay time as well as
their strengths relative to first P arrivals.We use this information in generating spall
seismograms, assuming that source is equivalent to a vertically symmetric CLVD
source or a vertical single force. In the single force formulation, we allow the force to
act on the dislocation interface where the spall collapses at various depths. Synthetic
spall seismograms are used in conjunctionwith the explosion seismograms tomodel
recorded waveforms, determine the yield of the explosion, and seismic moment of
the spall (or theCLVD) source. The source function of the explosion source is based
on a time domain expression for a given yield and depth of burial (Saikia et al.,
2013). For the spall and DCmechanisms, source functions are assumed to be delta
functions.Asensitivity study isbeingconductedtoevaluate thedependenceofmodel
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parameters on the depth of the spall sources. Green’s functions used in this study
are based on the inferred bore-hole data, but further refined to having the capability
for entrapping high-frequency P and Rg waves observed from various shot points.

Resolving Focal Depth with a Near Field Single Station in Sparse Seismic
Network
NI, S., Institute of geodesy and geophysics, Wuhan, Hubei, China, sdni@whigg.
ac.cn;HE,X.,UniversityofScienceandTechnologyofChina,Hefei,Anhui,China,
hexiaohui@foxmail.com

Focal depth is essential for seismic hazard assessment and seismogenic studies.
However, it is challenging to resolve accurate focal depth in sparse seismic network
with justP andSarrival times.Hereweexplore a seismicdepthphase fordetermining
focal depth with a single seismic station in near field. The seismic phase is generated
by S wave from the seismic event which is reflected as P wave post-critically at the
free surface. For half space earth models, the phase is called free surface P wave.
But for subsurface models with velocity gradient, the phase is actually summation
of post-critical P wave and turning P waves. Thus it would be more accurate to be
called as surface coupled P waves, and we name it as sPL. sPL is well developed for
epicentral distances larger than two times of focal depth, and is usually observed for
distances less than 50km. sPL arrives before S wave and only shows up on radial and
vertical components without presence on tangential component. Moreover, sPL is
stronger on radial component than on vertical component. With examples for the
2013 Lushan (China) M7 earthquake sequence and the 2011 Virgina earthquake
sequence, we demonstrate that focal depth of aftershocks can be well resolved from
differential time between P and sPL with a single stations.

Isotropic Source Rerms of San Jacinto Fault Zone Earthquakes based on
Waveform Inversions with a Generalized CAP Method
ROSS, Z. E., University of SouthernCalifornia, Los Angeles, CA, zross@usc.edu;
BEN-ZION, Y., University of Southern California, Los Angeles, CA, benzion@
usc.edu; ZHU, L., Saint Louis University, St. Louis, MO, zhul@slu.edu

We analyze source tensor properties of sevenMw> 4.2 earthquakes in the complex
trifurcation area of the San Jacinto Fault Zone, CA, with a focus on isotropic
radiation that may be produced by rock damage in the source volumes. The
earthquake mechanisms are derived with generalized ‘Cut and Paste’ (gCAP)
inversions of 3-component waveforms typically recorded by >100 stations at
regionaldistances.ThegCAPmethodincludesparameterszetaandchi representing,
respectively, therelative strengthof the isotropicandCLVDsourceterms.Theresults
indicate statistically significant explosive isotropic components for at least six of the
events, corresponding to∼0.2 5%of the total potency/momentof the sources.The
possible error in the isotropic components due to station variability is quantified
with bootstrap resampling for each event. Tradeoff and correlation between the
isotropic and CLVD components are studied using synthetic tests with realistic
station configurations.The associateduncertainties are found tobe generally smaller
than the observed isotropic components. Two different tests with velocity model
perturbation are conducted to quantify the uncertainty due to inaccuracies in the
Green’s functions. Applications of the Mann-Whitney U test indicate statistically
significant explosive isotropic terms for most events consistent with brittle damage
production at the source.

Full Moment Tensors for Small (Mw< 3) Events at Uturuncu Volcano, Bolivia
ALVIZURI, C., Geophysical Institute, Fairbanks, AK, alvizuri@gi.alaska.edu;
TAPE, C., Geophysical Institute, Fairbanks, AK, carltape@gi.alaska.edu

We use seismograms from a deployment of 24 broadband stations on Uturuncu
volcano, Bolivia, to estimate full moment tensors for small (Mw <= 3) crustal
earthquakes. We adapt the grid-search moment tensor inversion method of Zhu
and Helmberger (1996), which considers first motion polarities, body waves, and
surface waves; and use a parameterization of seismic moment tensor in terms of
its eigenvalues (magnitude, isotropic, CLVD) and orientation (strike, dip, rake).
Performing a full grid search on these parameters allows us to estimate uncertainties.
Themajority of events are in the range0<=Mw<=1andallowuseof onlyP-wave
polarities which results in larger parameter uncertainties, but our representation
of misfit over parameter space still enables us to discriminate among different
earthquakemechanisms. For the largest events (Mw> 2) we are able to include full
seismograms in the inversion, which reduces uncertainty estimates for the moment
tensors. We also explore whether different subsets of waveforms (e.g., surface waves
only or polarities only) will produce consistent moment tensors. The ability to
resolve all six parameters, notably isotropic andCLVD, depends strongly on station
coverage and signal-to-noise level in the seismogram. We present a comprehensive
fullmomenttensorcatalog forcrustal eventsatUturuncuvolcano,withuncertainties
in sourcemechanismsdepicted visually on the fundamental lune of eigenvalue space.

We use the lune to interpret the catalog, whereby crack tensors are at the
boundary of the lune and double couple tensors are at the center. We find a
predominance of source mechanisms with positive isotropic components, which
we interpret as an indication of tensional crack processes beneath the volcano.

Time-Dependent Moment Tensors of the First Three Source Physics
Experiments Explosions
YANG, X., Los Alamos National Laboratory, Los Alamos, NM, xyang@lanl.gov;
PATTON, H. J., Los Alamos National Laboratory, Los Alamos, NM,
patton@lanl.gov; ROWE, C. A., Los Alamos National Laboratory, Los Alamos,
NM,char@lanl.gov;LARMAT,C.,LosAlamosNationalLaboratory,LosAlamos,
NM, carene@lanl.gov

Using mainly vertical, high frequency geophone data recorded within 2 km from
the Source Physics Experiments (SPE) explosions, we conduct frequency-domain
moment-tensor inversions to retrieve time-dependent moment tensors of the first
three SPE explosions. Building on a velocity model developed using P-wave travel
times andRg phase velocities for one of the radial arrays (Line 2), we constructed an
attenuation model by fitting synthetic P-wave and Rg amplitude decay to those of
observed seismograms. The one-dimensional velocitymodel alongwith attenuation
is used in the moment-tensor inversion to calculate Green’s functions. We select
data from all radial arrays that have P-wave travel time, Rg phase velocity and
amplitude decay consistent with those of the Line-2 data. The inverted moment
tensors are dominated by diagonal components. The source spectra show long-
period levels consistent with predictions from aMueller-Murphy nuclear-explosion
source model for granite, the rock type at the SPE site, with modified Denny-
Johnson cavity-radius scaling. Among off-diagonal moment-tensor components,
Mxy (horizontal double-couple) have the largest peak amplitude. We also attempt
to resolve the damage source that accompanies the explosions with a modified
inversion scheme. Using the new scheme, we invert for two sources: an explosion
andadamage source at a shallowerdepth.By systematically changing thedepthof the
damage source and comparing the predicted seismograms with input seismograms
in a grid-search approach, we map the depth extent of the material damage during
the explosions. It appears thatmost of the damage occurs within theweathered layer
near the free surface for SPE explosions.

A Spall Model Comparison with Insights from the Source Physics Experiment
FORD, S. R., LLNL, Livermore, CA, sean@llnl.gov; MELLORS, R. J., LLNL,
Livermore, CA; VOROBIEV, O. Y., LLNL, Livermore, CA

Spall signals from the Source Physics Experiment (SPE) are presented, analyzed,
and modeled for insight to the explosion source. The observed signal is similar in
nature to nearby historical nuclear explosions and the surface force-time history or
velocity can be interpreted with the same model. We forward model the surface
accelerometer records to estimate peak spall velocity, spalled mass, and spall depth
and radius. These values are consistent with the disturbed area in the shot region.
The spall signal is also investigated with a 3D continuum model that incorporates
gravity andwhere there is good agreement between predicted and observed velocity.
This work was performed under the auspices of the U.S. Department of Energy by
LawrenceLivermoreNational Laboratory underContractDE-AC52-07NA27344.
LLNL-ABS-648205.

Local Distance Application of P/SMethods of Discriminating Explosions from
Earthquakes How Low Can We Go?
WALTER,W. R., LLNL, Livermore, CA, walter5@llnl.gov; PYLE, M., LLNL,
Livermore, CA, pyle4@llnl.gov; FORD, S. R., LLNL, Livermore, CA, ford17@
llnl.gov; PASYANOS, M. E., LLNL, Livermore, CA, pasyanos1@llnl.gov

Over thepast twenty years regionaldistance (200 1600km)high-frequency seismic
P/S wave amplitude ratios have proven very empirically effective at identifying
explosions among a background of natural earthquakes. However the physical
basis for the generation of explosion S-waves, and therefore the predictability
of this P/S technique as a function of frequency and event properties such as
size, depth, geology and path, remains incompletely understood. A goal of current
research, such as the Source Physics Experiments (SPE), is to improve our physical
understanding of the mechanisms of explosion S-wave generation and advance
our ability to numerically model and predict them. At regional distances the
lithospheric waveguide usually allows P/S discriminants to be applied over broad
areas using relatively simple 1- or 2-D path corrections. The main caveats to P/S
discriminant effectiveness are: 1) the signals need to be sufficiently high frequency
(usually>∼2 Hz, sometimes higher) and the path attenuation must allow source
generated S-waves to still be visible at the frequencies and recording stations of
interest.

As we push the identification of explosions to even smaller yields and
magnitudes less than 3, we need to examine P/S behavior at closer, local distances
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and evenhigher frequencies.Weareusing thenewSPEdata alongwith small historic
nuclear tests to investigate local P/S discrimination. Interesting new results include:
1)The explosionP and S corner frequencies appear to be similar, in contrast to some
model predictions; 2) The SPE 1-ton chemical explosions appear to discriminate
well frombackground earthquakes in the frequency band 4 8Hz at 200 km, similar
to larger nuclear tests, and 3) P/S discrimination for SPE shots at local distances is
poor at some stations across a broad range of frequencies from 4 64 Hz. We are
investigating strong structural focusing as a potential complicating issue with local
distance P/S discrimination.

Source Physics Experiment Site Characterization: Earthquake Relocation and
Southern Nevada Attenuation Structure
PYLE, M. L., Lawrence Livermore National Laboratory, Livermore, CA,
pyle4@llnl.gov; WALTER, W. R., Lawrence Livermore National Laboratory,
Livermore, CA, walter5@llnl.gov; PASYANOS, M. E., Lawrence Livermore
National Laboratory, Livermore, CA, pasyanos1@llnl.gov; MYERS, S. C.,
Lawrence Livermore National Laboratory, Livermore, CA, myers30@llnl.gov;
SMITH, K. D., University of Nevada-Reno, Reno, NV, ken@seismo.unr.edu;
HAUK, T. F., Lawrence Livermore National Laboratory, Livermore, CA,
hauk1@llnl.gov

The Source Physics Experiments (SPE) are a series of ongoing experiments designed
to improve our physical understanding andmodeling capability of explosive seismic
sources. A candidate SPE would provide a direct comparison of earthquake and
explosion sources by drilling to the well-constrained hypocenter of a shallow
earthquake and detonating a chemical explosion; recording both types of events
with the same seismic network. A sequence of unusually shallow events occurred
in southern Nevada inMay of 1993, including 12 events with magnitudes over 2.0,
providing an ideal opportunity for this experiment. The events were well recorded
at temporary stations deployed by UNR. Eight new seismic stations, including two
borehole sensors, located at the original 1993 sites and additional sites, have been
installed and ongoing seismicity along the fault is currently being recorded.

Inorder toensure thebestpossible siting for theexplosion,werelocateboth the
historic earthquake sequence and recent seismicity using themultiple-event location
algorithm Bayesloc, which formulates the problem as a hierarchy of the travel time
model, arrival time model, and a prior model for each parameter. For comparison,
we also determine HYPODD locations. We use a local network with a similar
azimuthal distribution and precisely known locations of nearby previous nuclear
tests as a proxy to estimate the accuracy of our earthquake locations. In addition,
we perform a seismic amplitude tomography to ensure that the explosion is large
enough to be recorded at all stations of interest over a reasonable frequency range,
and to assist in waveformmodeling. The tomography uses surrounding earthquake
seismicity and seismic networks to determine high-resolution local and regional P
and S-wave attenuation structure in the crust and upper mantle.

This work performed under the auspices of theU.S.Department of Energy by
LawrenceLivermoreNational Laboratory underContractDE-AC52-07NA27344.

High Resolution Imagery of the Source Physics Experiment Site using Seismic
Interferometry
MATZEL, E., Lawrence Livermore National Laboratory, Livermore, CA,
matzel1@llnl.gov; PITARKA, A., Lawrence Livermore National Laboratory,
Livermore,CA,pitarka1@llnl.gov;MELLORS,R., LawrenceLivermoreNational
Laboratory, Livermore, CA,mellors1@llnl.gov

The purpose of the Source Physics Experiment (SPE) is to obtain a physics-based
understanding of how seismic waves are created at and scattered near the source. In
order to separate source-specific effects from those due to geological heterogeneity,
we need a precise picture of the subsurface. In this study, we use several methods
of seismic interferometry to obtain highly detailed images of the SPE site. Coda
wave interferometry (CI) uses the diffuse coda from earthquakes or explosions as a
source of coherent energy. Ambient noise correlation (ANC) uses the energy of the
ambient background field. In each case, the data recorded at one seismometer are
correlated with the data recorded at another to obtain an estimate of the Green’s
function (GF) between the two.We used the records of the SPE shots as an energy
sources for the CI technique and several months of high gain continuous data
for ANC.

Each technique has advantages over the other. CI is very fast, and the GF
obtained has the same frequency content as the original shot. Using CI on the
SPE data, we obtain very good quality estimate of the GF to very high frequency.
The key disadvantages of CI are that we can only correlate energy propagating
radially outward and the source point itself is hidden. ANC requires more data
and processing time, but allows us to estimate the GF between any two of the
seismometers. By combining the two techniques, we obtain a very sharp image of
seismic velocity and attenuation in the upper several kilometers beneath the site.
Using CI, we recovered 860 high quality GFs along the 5 main lines. ANC gave

us several thousand more, including paths that cross the source point and between
the lines. We calculate synthetic seismograms through the 3D model to validate
the results and to predict the source propagation for different shot geometries.Our
end result is a fully 3D tomogram of the subsurface with lateral resolution as
small as 100 m.

3D Modeling of Rg Wave Propagation on Geophone Lines Recording the
Source Physics Experiment
LARMAT, C. S., EES-17, Los Alamos National Laboratory, Los Alamos, NM,
carene@lanl.gov; ROWE, C. A., EES-17, Los Alamos National Laboratory, Los
Alamos, NM, char@lanl.gov; COBLENTZ,D.D., EES-17, Los AlamosNational
Laboratory, Los Alamos, NM, coblentz@lanl.gov; PATTON, H. J., EES-17, Los
Alamos National Laboratory, Los Alamos, NM, patton@lanl.gov

The Source Physics Experiments (SPE) involve chemical explosions detonated in
a heterogeneous geologic setting. High-frequency Rayleigh waves, called Rg, are
sensitive to variations in Earth structure. Observed Rg waves recorded along five
linesofgeophonesextendingradially fromgroundzerowithoffsets from100to2000
m and station spacing of 100 m exhibit strong azimuthal variations of attenuation
properties. Lines #3 and #4 show evidence of scattering and reverberations, which
suggest the presence of major structural changes and/or boundaries along these
lines.We present results of a 3Dmodeling study with the Spectral ElementMethod
(SEM) to evaluate which structural features have the greatest influence on the
observed variations. In a preliminary study (Larmat et al., 2013), we demonstrated
that surface topography around the SPE site has minor effect on Rg waves for the
distance and frequency ranges considered in that study (below 2km; 2 to 8Hz).
In contrast, previous 2D modeling results have shown that a near-surface, thin,
weathered layer of varying thickness and low wave speeds plays a major role on the
observed waveforms. The elastic and attenuation models considered in this study
will be constrained by our understanding of the geologic setting as well as by data
analysis and 2D forward modeling (e.g. Rowe et al., this meeting). The effects of
varying wave speeds of the medium and thickness of the weathered layer will be the
focus of this study.

Structural Heterogeneity at the SPE Site Revealed Through Combined P-Wave
Travel Times and Sub-Band Rg Phase Velocities
ROWE, C. A.,LosAlamosNationalLaboratory,LosAlamos,NM,char@lanl.gov;
PATTON, H. J., Los Alamos National Laboratory, Los Alamos, NM, patton@
lanl.gov; YANG, X., Los Alamos National Laboratory, Los Alamos, NM,
xyang@lanl.gov; LARMAT, C., Los Alamos National Laboratory, Los Alamos,
NM, carene@lanl.gov; COBLENTZ, D., Los Alamos National Laboratory, Los
Alamos, NM, coblentz@lanl.gov

Wepresent analyses of the two-dimensional (2-D) seismic structure beneath Source
Physics Experiments (SPE) geophone lines that extended radially at 100 m spacing
from 100 to 2000 m from the source borehole. With seismic sources provided only
at one end of each line of geophones, standard refraction profiling methods are
unable to resolve the seismic velocity structures unambiguously. In previous work
we have shown overall agreement between body-wave refraction modeling and Rg
dispersion curves for the least complex of the five lines, Line 2, leading us to offer a
simplified 1-D model for this line. A more detailed inspection of Line 2 supports a
2-D re-interpretation of the structure on this line. We observe variation along the
length of the line, as evidenced by abrupt and consistent changes in the behavior of
surfacewaves athigher frequencies.We interpret this as amanifestationof significant
material or structural heterogeneity in the shallowest strata. This interpretation is
also consistent with P-wave andRg attenuation observations. Results for Line 2 and
other geophone lines will be presented.

A newDatabase of Digitized Regional SeismicWaveforms from Underground
Nuclear Explosions in Eurasia
KIM, W. Y., Lamont-Doherty Earth Observatory of Columbia University,
Palisades, NY, wykim@LDEO.columbia.edu; MIKHAILOVA, N. N., Institute
of Geophysical Research, National Nuclear Centre, Almaty, Kazakhstan,
mikhailova@kndc.kz; RICHARDS, P. G., Lamont-Doherty Earth Observatory
of Columbia University, Palisades, NY, richards@LDEO.columbia.edu;
SOKOLOVA, I. N., Institute of Geophysical Research, National Nuclear Centre,
Almaty, Kazakhstan, sokolova@kndc.kz

Seismology is an observational science. Hence, the effort to understand details
of seismic signals from underground nuclear explosions (UNEs) requires analysis
of waveforms recorded from past nuclear explosions. Of principal interest, are
regional signals from UNEs too small to be identified reliably via teleseismic
recording.

But the great majority of stations operated today have never recorded UNE
signals at regional distances, because most stations were installed long after the
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period when most UNEs were conducted; and the few nuclear explosions since the
early 1990s were mostly recorded only at teleseismic distances. We have therefore
gathered thousands of nuclear explosion regional seismograms from more than a
hundred analog stations operated in the former Soviet Union most of them in a
vast region stretching approximately 6000 kmEast-West and 2000 kmNorth-South
and includingmuchofCentralAsia andhave digitized themand created amodern
digital database for them, including significant metadata.

Much of this work has been done inKazakhstan. Thiswork is complementary
to the twenty-year collaborative effort (1991 to 2010) which made the
original digital recordings of the Borovoye Geophysical Observatory, Kazakhstan,
openly available in a modern format (see http://www.ldeo.columbia.edu/res/pi/
Monitoring/Data/).

This presentation will characterize the content and overall quality of the new
database of signals fromUNEs in Eurasia, which were conducted across substantial
ranges of yield and shot-point depth, andunder a great variety of different geological
conditions (for both source and station).

We note at present that openly available seismogram archives for Eurasian
explosions are in several respects better than those for explosions conducted by the
United States and by Western European nations, especially for the era from 1960
to about 1985. The opportunity to build and improve such archives will not last
indefinitely.

High Frequency Network Discrimination Using MLE Source Spectra From
Global Amplitude Tomography
PHILLIPS,W. S., Los Alamos National Laboratory, Los Alamos, NM USA,
wsp@lanl.gov;FISK,M.D.,ATK,Newington,VA,mark.fisk@atk.com;STEAD,
R. J., Los Alamos National Laboratory, Los Alamos, NM, stead@lanl.gov;
BEGNAUD, M. L., Los Alamos National Laboratory, Los Alamos, NM,
mbegnaud@lanl.gov; YANG, X., Los Alamos National Laboratory, Los Alamos,
NM, xyang@lanl.gov; BALLARD, S., Sandia National Laboratory, Albuquerque,
NM, sballar@sandia.gov

Discrimination between natural andman-made seismic sources has been performed
fordecadesbyexaminingdifferencesbetweenteleseismicsurfacewaveandbodywave
magnitudes. For small events, we must augment, or replace teleseismic magnitude
differences with high-frequency regional phase amplitude ratios, typically taken
between different phase types or for different bands. Such studies are traditionally
performed for one station at a time. However, if we correct for high-frequency
path and site effects, we can combine source estimates from a network of stations,
prior to formingdiscriminant ratios.Censoreddata canbe includedusingmaximum
likelihoodestimation(MLE)techniques, as isoftendone for teleseismicmagnitudes.

Toobtainmodels of attenuationand site effects,we apply two-dimensional (2-
D) tomographic techniques to summary amplitudes. These amplitudes are formed
by applying quality control and L1 stacking techniques to relative amplitudes for
event clusters, station clusters, and all channels at each station. Amplitudes are
inverted using a simultaneous multi-phase, multi-band approach that employs
absolute spectral constraints on well-studied earthquakes. Multi-scale, global
parameterization is obtained using GeoTess software (www.sandia.gov/geotess/).
A global data set of stations and events covers all continents but Antarctica, except
for portions of shield regions. Attenuation results show remarkable, high-resolution
correlation with regional geology and heat flow. Our data set includes regional
explosion amplitudes from many sources, including LLNL and Leo Brady data for
North America, and Borovoye Archive and ChISS data for Asia. The application
of MLE to shear phases, alone, is very helpful as the most critical censoring occurs
for explosion shear waves. We find that L1 and L2 MLE procedures are equally
effective. Our 2-D amplitude models dramatically improve high frequency P/S
discrimination results.

Fault Structure, Heterogeneity, and Implications for
Rupture Dynamics
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Modeling Fault Rupture Process by Lagrange Discontinuous Deformation
Analysis Method
CAI, Y., Departmeng of Geophysics, Peking University, Beijing, China, yongen@
pku.edu.cn

Dynamic process of fault rupture caused by frictional sliding in a quasi-static stress
field may be simulated by rock experiment. Suppose rock shear strength obeys the
rate-state dependent frictional law. A numerical method, Lagrange Discontinuous
Deformation Analysis (LDDA), is used to simulate the dynamic process. The
preliminary results about fault friction evolvement and sliding characteristics

obtained by themethod are as follows: 1) The sliding velocity, frictional coefficient,
statevariableandstresses are inhomogeneousonthe slide interfaceanddependenton
time. Comparing withCoulomb’s friction law, themodel with rate-state dependent
fraction low reveals more details about the rupturing process. 2) It is found that
the shearing stress drops on the slide interface are not constant both in time and
in space. 3) The maximum of the sliding velocity is not at the beginning of the
sliding. 4) The frictional coefficient is determined by the slip velocity and state
variable during the whole sliding process. The sliding velocity dominantly controls
the frictional coefficient at early evolvement phase and the state variable mainly
affects the frictional coefficient at last evolvement phase.

Re-visiting Linear Source Inversion with the Full Complexity of Earthquake
Rupture, Including Both Slip Re-activation and Supershear Rupture
SONG, S. G., ETH Zurich, Zurich, Switzerland, song@sed.ethz.ch; DALGUER,
L. A., ETH Zurich, Zurich, Switzerland, dalguer@sed.ethz.ch

Kinematic source inversion is an important research tool in investigating earthquake
source by inverting seismic and geodetic data. For the last two decades, nonlinear
source inversion has become popular in the community. The fast growing
computational power allowsus to apply global searching algorithms in thenonlinear
inversion. We can estimate temporal source parameters, such as rupture velocity
and slip duration, more explicitly in the nonlinear inversion. It is also beneficial
to implement dynamically compatible source time functions. However, dynamic
rupture models show that earthquakes may rupture in a very complex fashion,
exhibiting multiple rupture fronts propagating at subshear and supershear rupture
speeds, back-propagating rupture and slip reactivation (Gabriel et al. 2012) evenona
single planar fault. Lee et al. (2011) show that the 2011Tohoku-oki earthquakemay
have multiple ruptures, involving slip reactivation, by kinematic source inversion.
Classical nonlinear inversion methods assume single slipping with a single pre-
defined source time function, which may not work well to resolve such complex
rupture processes. The identification of the complex rupture requires inversion
methods that allow such complexities in model space.We perform synthetic source
inversion tests with dynamically generated complex source models, including both
slip reactivation and supershear rupture.We adopt a linear source inversionmethod
constructing a model space with multiple time windows, allowing slip from the
nucleation to the termination of rupture for every point on the fault. We adopt
the Bayesian inversion to regularize model space effectively. We find that both
reactivated secondary rupture and supershear rupture front can be detected well as
long as they produce a significant level of seismic moment. It would be beneficial
to apply the linear inversion method to check the complexity of rupture before we
assume single slipping in the nonlinear inversion.

Fault Slip Heterogeneity of the 2008 Mw 7.9 Wenchuan, China, Earthquake
and Implications for Regional Tectonic Stresses
MEDINA LUNA, L., University of Michigan, Ann Arbor, MI, lmedina@umich.
edu; HETLAND, E. A., University of Michigan, Ann Arbor, MI, ehetland@
umich.edu

Geodetic and seismic observations of the 2008 Mw 7.9 Wenchuan, China,
earthquake indicate a highly heterogeneous pattern of coseismic slip along the
Longmenshan fault zone, from predominantly thrust slip on shallow dipping
fault segments, towards strike-slip on more steeply dipping fault segments. Focal
mechanisms of aftershocks are roughly consistent with the coseismic slip rake in
the mainshock. Coseismic slip variability might be due to heterogeneity in pre-
earthquake stresses, changing from compressional loading to shear loading along the
fault strike.However, the correlationbetweencoseismic slip rake and fault geometry,
most notably fault dip, suggests that the heterogeneity may be due to geometric slip
partitioning.

Using a probabilistic framework, we estimate stress using both coseismic
slip models of the 2008 Wenchuan earthquake and the re-determined aftershock
focal mechanisms from Cai et al. (2011). Our estimations are based on the
assumption that faults slip coseismically in the direction of the maximum shear
stress on the fault (Angelier, 1979). Rather than simply solving for the most
likely estimate, our results are shown as a full posterior probability representing
the likelihoods of principal stress orientations and relative magnitudes. We find
that coseismic slip in the Wenchuan earthquake is consistent with a homogeneous
pre-mainshock stress field, whereas aftershock focal mechanisms indicate fairly
heterogeneous stresses. While these two results are seemingly contradictory, we
note that coseismic stress changes in the Wenchuan mainshock are heterogeneous,
and the stress inferred from aftershocks may just reflect these stress changes rather
than the pre-mainshock stresses. That the coseismic slip models are consistent
with a homogeneous pre-earthquake stress field, suggests that the heterogeneity
of the coseismic slip is due to heterogeneity of frictional properties across the
fault.
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High-ResolutionGeophysical ImagingAcross theOlympiaStructure,Southern
Puget Lowland, WA: Defining a Fault System
ODUM, J. K., U.S. Geological Survey, Golden, CO, odum@usgs.gov;
STEPHENSON, W. J., U.S. Geological Survey, Golden, CO, wstephens@
usgs.gov; PRATT, T. L., U.S. Geological Survey, Reston, VA, tpratt@usgs.gov;
BLAKELY, R. J., U.S. Geological Survey, Menlo Park, CA, blakely@usgs.gov

Linear magnetic anomalies suggest that the 80-km-long Olympia structure in the
southern Puget Sound is a fault vertically offsetting Eocene Crescent Formation as
much as 6 km. Northeast of the Olympia structure, Crescent Formation lies buried
beneath 4 6 km of Tertiary and Quaternary strata of the Tacoma basin, whereas
Crescent Formation is exposed at the surface immediately south of the Olympia
structure.Althoughnumerousmarine seismic-reflectionprofiles have been acquired
near the projected trace of the Olympia structure, its tectonic character remains
enigmatic because shallow inlets of southern Puget Sound prevent the collection
of deep-penetration marine seismic profiles across the geophysical anomalies. To
supplement the existing marine data, we acquired 14.6 km of land-based seismic
reflectiondata in a profile that extends fromexposedCrescent basement in theBlack
Hills northward across the surfaceprojectionof theOlympia structure inferred from
potential field anomalies. The reflection seismic data image the Crescent bedrock
surface to approximately 1 km depth beneath the Tacoma basin and reveal the dip
on this surface to be no greater than about 8 degrees. Although regional potential
field data show a strong linear trend for the Olympia structure that implies a simple
thrust fault, high resolution magnetic and gravity modeling along the land-based
profile suggests that the structure is complex and possibly segmented. Assuming
normal magnetization, contacts determined from boundary analysis of magnetic
anomalies agree in both location and sense of movement with faults identified on
the seismic profile. We propose that the seismic and potential-field data identify
oblique-slip faults along the northernmost part of the Black Hills uplift. Our data
further suggests that deformation of the Olympia structure changed from largely
transpressive to dextral strike-slip in recent geologic time.

Rate-and-State Coulomb Stress Evolution: a Pseudo-Prospective Southern
California Earthquake Forecast
STRADER, A. E., UCLA, Los Angeles, CA, astrader@ucla.edu; JACKSON, D.
D., UCLA, Los Angeles, CA, David.D.Jackson@ucla.edu

In previous studies, we confirmed an association between static Coulomb stress
change andearthquake location in southernCalifornia,when resolving stress tensors
onto uniformly oriented northwest right-lateral strike-slip planes (Deng & Sykes,
1997). Using an optimized index function to convert static Coulomb stress change
into normalized seismicity rates, we found that the Coulomb stress-based forecasts
were not significantly more effective indicators of future earthquake locations than
forecasts based on smoothed seismicity (Hiemer et al., 2011). These results were
likely due to Coulomb stress uncertainties, particularly near stress singularities at
the ends of fault sections where many earthquakes occurred.

We evaluate time-dependent Coulomb stress earthquake forecasts based
on rate-and-state friction (Toda & Enescu, 2011 and Dieterich, 1996) against a
Poissonian null hypothesis, from the 10/16/1999 Hector Mine earthquake to the
4/4/2010 ElMayor Cucapah earthquake. From numerical integration, we establish
a normalized seismicity rate for each day, during the target time interval, from
Coulomb stress evolution and the times since all preceding source earthquakes.
During each day we assume seismicity follows a Poissonian process, with expected
rates defined as the rate-and-state seismicity rates. By pseudo-prospectively testing
these spatiotemporal earthquake forecasts, we ascertain the role of static and quasi-
static Coulomb stress change in indicating future earthquake locations and times.

High-Resolution Aftershock Distribution of 2010 Mw6.9 Yushu, China
Earthquake and its Implication
WANG, B., Key laboratory of Seismic Observation & Geophysical Imaging,
CEA, Beijing, China, wangbs@cea-igp.ac.cn; YANG, H., Georgia Tech.,
Atlanta, GA, yhflogan@gmail.com; PENG, Z., Georgia Tech., Atlanta, GA,
zpeng.seismo@gmail.com; YANG, J., Institute of Geophysics, CEA, Beijing,
China, yangjs@cea-igp.ac.cn; HAN, L., Institute of Geophysics, CEA,
Beijing, China, chinakkmm@gmail.com; YANG, W., Key laboratory of Seismic
Observation&Geophysical Imaging,CEA,Beijing,China,weiyang05@163.com;
YUAN, S., Key laboratory of Seismic Observation & Geophysical Imaging, CEA,
Beijing, China, ysy1@vip.sina.com; MENG, X., Georgia Tech., Atlanta, GA,
xmeng.gatech@gmail.com

On Apr. 13, 2010, a devastating earthquake (Mw 6.9) struck the Yushu city in
Qinghai, China. This was the most destructive earthquake within Tibet plateau
since 2001. The mainshock ruptured the Yushu segment of the Yushu-Ganzi-
Xianshuihe fault. The mainshock was preceded by an Mw4.9 foreshock, and was
followed by numerous aftershocks. About three weeks after the main shock, we

deployed 20 portable seismic stations encircling the surface rupture area. Most of
those stations was kept running from the beginning ofMay to the end ofNovember
in 2010.

In this study,weperformedhigh-resolution relocationof aftershocks recorded
by both permanent and our temporary stations using the double-difference
relocation algorithm.We picked both P and S arrivals for all catalog event and then
obtained differential travel times from waveform cross-correlations. We relocated
aftershocks using event pairs with cross-correlation coefficient no less than 0.75 and
at least 6 observations. In total, we obtained high-resolution locations of ∼1000
aftershocks.

Overall the aftershock sequence canbe divided into three distinct groups.The
first group was around the epicenter of the Mw6.0 aftershock, ∼40km northwest
to the main shock. Most events in this group were located at the southwest side
of the fault trace, following nearly E-W direction that was consistent with the
focal mechanisms of the largest aftershocks. The second group occurred along the
NW-SE Yushu fault starting from the epicenter for∼30km. The third group was
located near the Yushu town and was mainly to the northeast side of the rupture
zone. Our next step is to use waveforms of those relocated events as templates to
scan through the continuous recordings for identification of additional aftershocks.
By a systematic detection/relocation of aftershocks, we hope to obtain a better
understanding of the relationship among fault segmentation, mainshock rupture
properties and aftershock distributions.

Velocity Contrast along Ganzi-Yushu Fault from Analysis of Fault Zone Head
WavesAssociatedwithAftershocksof 2010Mw6.9Yushu,QinghaiEarthquake
YANG,W., Institute of Geophysics, CEA, Bejing, China, weiyang05@163.com;
PENG, Z. G., Georgia Institute of Technology, Atlanta, GA, zpeng@gatech.edu;
WANG, B. S., Institute of Geophysics, CEA, Bejing, China, wangbs@cea-
igp.ac.cn; LI, Z. F., Georgia Institute of Technology, Atlanta, GA,
zli354@gatech.edu; MENG, X. F., Georgia Institute of Technology, Atlanta,
GA, xmeng.gatech@gmail.com; YUAN, S. Y., Institute of Geophysics, CEA,
Bejing, China, ysy1@vip.sina.com; QIAO, S., Institute of Geophysics, CEA,
Bejing, China, qiaosen@cea-igp.ac.cn

The 2010/04/13 Mw6.9 Yushu earthquake ruptured the Yushu segment of the
Ganzi-Yushu Fault (GYF) in eastern Tibet, which separates Bayan Har block and
Qiangtang block. After the mainshock, we deployed temporary seismic stations
around the mainshock rupture zone to monitor subsequent aftershocks, and 9
stations were deployed within 5 km on the both sides of the GYF. During the 7-
month deployment period, up to∼2000 aftershocks have been recorded, providing
a rich data set for better imaging of detailed fault zone structures in this region.

In this study, we conduct a systematic search for fault zone head waves
(FZHWs) that refract along thebimaterial fault interface. SinceFZHWsspendmost
of their propagation paths along the fault interface with velocities on the faster side,
theyprovide ahigh-resolution tool for detecting and imagingof the velocity contrast
across the major crustal faults. We identify FZHW phase as low-amplitude, long-
period seismic signals with polarities opposite to the direct P arrivals. In addition,
we also use polarization analysis to confirm the existence of FZHWphases.

Our preliminary results have shown that several stations on the southwest
side (Qiangtang block) of the GYF have recorded clear FZHWs, suggesting that
the Qiangtang block has lower velocities than the opposite Bayan Har block. The
corresponding velocity contrast is about 5 10%, and is coherent along the majority
of the rupture zone. This observation is generally compatible with recent studies
based on seismic tomography and active refraction survey in this region. The sharp
velocity contrast is expected to produce a preferred rupture direction to the SE,
which is consistent with the overall propagation direction of the Yushu mainshock,
if the rupture speed is subshear. Our next step is to use phase arrivals of FZHWs
and direct Pwaves into a tomographic imaging to better understand deep fault zone
properties, and their relationship to earthquake rupture properties.

Geometric Complexities Along Strike-Slip Systems: New
Insights on Seismic Hazards, Earthquake Behavior, and
Fault System Evolution
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Determination of Lithosphere Rheology from Interseismic Deformation and
Implications for Fault Stress Accumulation
HINES, T. T., University of Michigan, Ann Arbor, MI, hinest@umich.edu;
HETLAND,E.A.,University ofMichigan,AnnArbor,MI,ehetland@umich.edu

Models proposed to explain transient post-seismic deformation include Burgers
viscoelasticity, power law creep, and/or localized Maxwell viscoelastic shear zones.
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While these rheologies may be difficult to discern from surface deformation
in the post-seismic period, strain accumulation models using these rheologies
produce spatio-temporal patterns of interseismic deformation that can be more
distinct. Moreover, strain accumulation models assuming different rheologies of
the lithosphere can also result in significantly different evolutions of fault stressing
rates throughout the interseismic period. This is in contrast to the commonly used
elastic strain accumulationmodels that assume that faults are re-loaded at a constant
stressing rate throughout the interseismic period. The manner in which stresses
accumulate on a fault may play a critical role in seismic hazard, and thus it is useful
touse geodeticobservations throughout the interseismicperiod inorder to constrain
the range of plausible rheologies thatmay be important during the earthquake cycle.
In this presentation, we demonstrate the degree to which interseismic deformation
around continental strike-slip faults can be used to discern lithospheric rheology,
and we examine the impact of these rheologies on the accumulation of stress on
seismogenic faults.

Unraveling Enigmas in the GPS Velocity Field in the Big Bend Region of the
Southern San Andreas Fault System
THATCHER,W., USGS, Menlo Park, CA, thatcher@usgs.gov

The southern San Andreas Fault (SSAF) in southern California has a ∼250-km-
long, left-stepping(restraining) ‘bigbend’thatdeviates∼30◦ fromitsusualN40◦W
trend farther north and south. In this region there is ample evidence frommapping
of active fault, earthquake fault plane solutions, and uplifted mountain ranges for
thrust faulting and crustal shortening in the Los Angeles (LAB) and Ventura basins
(VB), San Gorgonio Pass (SGP) and theWestern Transverse Ranges. However, the
observed Global Positioning System (GPS) velocity vector field relative to stable
North America shows only minor deviation from this N40◦W trend in much of
southern California through the big bend region. How can this be so? Actually,
the evidence for crustal shortening in the GPS field is obscured by the major
effects of strain accumulation on the SSAF. Here I remove effects due to the largely
locked (non-slipping) SSAF tobetter analyze the character andkinematics of crustal
shortening. Because of uncertainties in the details of locking distribution and the
along-strike variations in SSAF slip rates I explore a range of locking depths and slip
distributions.Geodetic results indicate∼7mm/yr of shortening across the SGP,∼8
mm/yr across the LAB, and∼7mm/yr across the VB.However, rates of shortening
decrease significantly to thewestof theVB,beingonly a fewmm/yr across the central
and western Santa Barbara Channel portion of the western Transverse Ranges.

Fault Interaction in the San Gorgonio Pass Region of the San Andreas Fault,
Southern California
KENDRICK, K. J., US Geological Survey, Pasadena, CA, kendrick@usgs.gov;
MATTI, J. C., US Geological Survey, Tucson, AZ, jmatti@usgs.gov

The San Gorgonio Pass (SGP) region marks the SE extent of the big bend in the
San Andreas Fault (SAF). Recent research has focused on the effect of fault-strand
complexity on through-going rupture along the SAF through the SGP region.
In spite of this attention, many questions remain unanswered. We present recent
geologic mapping and geomorphic analysis to address some of the outstanding
issues. Middle-Pleistocene deposits are not offset by dextral slip along the Mission
Creek fault strand. However, deposits of this age are cut by the Mill Creek fault
strand, constraining the relative timing of the most recent slip along these two SAF
strands. The Mill Creek strand is overlain by unfaulted younger deposits, likely
late Pleistocene andHolocene in age, indicating no rupture has occurred along this
strand in this time interval.Most recently, slip along the SAF in the SGP has shifted
to the San Bernardino strand, to the NWof SGP, and the Garnet Hill and Banning
strands of the SAF, to the SE of the SGP. Although the San Bernardino strand is
not clearly connected at the surface through the SGP to theGarnetHill or Banning
strands, they may be linked at depth through the contractional San Gorgonio Pass
Fault. The Banning-Garnet Hill-San Bernardino strand configuration is somewhat
puzzling because it is less optimally oriented to accommodate dextral slip, than is
the Mill Creek strand. The SE end of the Mill Creek strand is deflected and offset
∼ 1 - 1.25 km by the Pinto Mountain Fault. This offset is consistent with our
observations showing no recent slip on theMill Creek fault strand. This offset may
also be the cause of the shift in SAF slip away from the otherwise well-orientedMill
Creek strand.We conclude that the PintoMountain Fault system has disrupted slip
through the SGP by sequentially offsetting both theMission Creek andMill Creek
SAF fault strands and causing dextral slip to shift to the Banning, Garnet Hill, and
San Bernardino strands.

Paleoseismology of the Northern San Jacinto Fault Zone and Implications for
Rupture across Steps in the San Andreas Fault System, Southern California
ONDERDONK, N.W., California State University, Long Beach, Long Beach,
CA, nate.onderdonk@csulb.edu; MCGILL, S. F., California State University,

San Bernardino, San Bernardino, CA, smcgill@csusb.edu; ROCKWELL, T. K.,
San Diego State University, San Dieogo, CA, trockwell@mail.sdsu.edu

TheSanJacinto fault isoneof themajorplateboundary faults in southernCalifornia,
andrecentgeologicandgeodeticdata suggest it accommodatesaboutonethirdof the
total slip across the southern San Andreas fault system. To investigate the timing of
past surface ruptures over the last 2000 years, we studied the prehistoric earthquake
history on the northern SJF zone as recorded in shallow sediments at Mystic Lake,
an ephemeral lake that formed at the north end of a 2.25 km-wide pull-apart basin
between the Claremont and Clark segments of the San Jacinto fault zone. Between
2009 and 2013, we excavated nine trenches across the Claremont fault where it
crosses through the north end of Mystic Lake. These trenches exposed evidence
for 15 ground-rupturing earthquakes over the past 3700 years, with 12 of these
occurring in the last 2000 years. 118 radiocarbon dates were used to determine the
earthquake history recorded at the site.

We compared the timing of events at Mystic Lake to the earthquake records
at the Hog Lake site on the Clark fault to the south, and the Wrightwood site
on the San Andreas fault to the north to evaluate the possibility and frequency
of rupture across step-overs at both ends of the Claremont fault. At least six of
the 12 earthquakes that occurred in the last 2000 years at the Mystic Lake site
overlap in time with earthquakes at Hog Lake, suggesting that both the Claremont
and Clark faults may rupture together in some large events. Between Mystic Lake
and Wrightwood, four of nine earthquakes in the past 1500 years overlap in time,
suggesting that some events may also have ruptured through the step-over between
the northern end of the Claremont fault and the San Andreas fault. However, there
are no events atMystic Lake that overlap with both theHog Lake andWrightwood
records, so we consider it unlikely that any earthquakes have ruptured across both
ends of the Claremont fault in very large, multi-fault cascade events.

Rupture and Ground Motion Models on the Claremont-Casa Loma Stepover of
the San Jacinto Fault, Incorporating Realistically Complex Initial Conditions
LOZOS, J. C., Pacific Earthquake Engineering Research Institute (UC Berkeley),
Berkeley,CA, jlozos@berkeley.edu;OLSEN,K.B.,SanDiegoStateUniversity,San
Diego, CA, kbolsen@mail.sdsu.edu; OGLESBY, D. D., University of California,
Riverside, Riverside, CA, david.oglesby@ucr.edu; BRUNE, J. N., University
of Nevada, Reno, Reno, NV, brune@seismo.unr.edu

The stepover between the Claremont and Casa Loma strands of the San Jacinto
Fault in southern California is a major discontinuity within a complex fault zone.
This extensional stepover has an average of 4 km separation between the strands
over an overlap length of 25 km. A primary question is whether rupture can jump
between the Claremont and Casa Loma in one event. This region poses other
questions about the dynamics of complex faults in particular, whether small-scale
geometrical complexity, contrasts in velocity structure, and heterogeneous initial
stresses can control rupture behavior as much as the large stepover can, and how all
of these factors contribute to groundmotion.We use the 3D finite elementmethod
to conduct dynamic rupturemodels on a complex parameterization of this stepover.
We implement fault geometry based on fieldmapping literature,material properties
fromtheSCECCommunityVelocityModel, a regional stressorientationtakenfrom
seismicity relocation literature, and several stochastic shear stress distributions. The
stress field that arises from the combination of regional and stochastic stresses and
fault geometry is the primary control on rupture extent. The contrast between high
and low shear stress patches, rather than the magnitude of the stresses, determines
the strength of a barrier. Greater contrast and smaller patches of high shear stress
produce shorter ruptures. Inmost of ourmodels, this stress pattern prevents rupture
from reaching the end of either fault strand and having to negotiate the stepover.
Smaller events that do not always reach the surface are consistent with historical
behavior on the San Jacinto Fault. The complex velocity structure hasmore effect on
ground motion distribution and intensity than on rupture extent. We find that the
Claremont strand is more favorable for longer ruptures than the Casa Loma strand,
and that the strongest groundmotions are concentrated in theSanBernardinobasin.

Geometric Complexities of Hosgri Fault Zone Offshore Point Sal, Central
Coastal California
HOGAN, P. J., Fugro Consultants, Inc., Ventura, CA, phogan@fugro.com;
NISHENKO, S. P., PG&E, San Francisco, CA, spn3@pge.com; GREENE,
H. G., Moss Landing Marine Laboratories, Moss Landing, CA, greene@mlml.
calstate.edu; BERGKAMP, B. J., Fugro GeoConsulting, Inc., Houston, TX,
bbergkamp@fugro.com

As part of the Central Coastal California Seismic Imaging Project, marine seismic-
reflection imaging data were acquired across theHosgri Fault Zone (HFZ) offshore
Point Sal in 2011 and 2012 using a state-of-the-art high-resolution 3D low-energy
seismic survey system. Seismic-reflection profiles, 3D volumes and time slices were
used to map detailed structural geometry within a 6-degree restraining bend in the
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fault zone. High resolution 3D seismic imaging of faults, folds, and paleochannels
also allowed identification of piercing points for estimating Quaternary slip-rates
on the HFZ.

Discretezonesofdeformation, includingnumerousconjugate,obliquereverse,
andnormal faultsboundedby threeprimary strike-slip fault strandswere recognized.
A fault-bounded central block has been uplifted and folded into a broad, 1,200-m
wide anticline, which is bisected by the Central strand of the HFZ. An abrupt
change in the strike of the HFZ occurs near the intersection of the Lion’s Head
fault, which forms the southern boundary of the rigid Casmalia/Point Sal Block
that impinges upon theHFZ from the east. This block convergence appears to have
resulted in bending of the HFZ with resultant transpressive uplift and complex
structural slivering. Transfer of slip from the older, indented HFZ Eastern fault
strand to the younger and straighter Central andWestern fault strands is suggested,
and is consistent with recent structural models for strike-slip fault systems. Other
geometric complexities of the three primary strike-slip faults, as well as numerous
secondary, subsidiary faults provide insights into fault system evolution through
time.

Newly Acquired 2D and 3D Multichannel Seismic Datasets from the Inner
California Borderlands Yield New Constraints on the Timing and Style of
Recent Deformation
BORMANN, J. M.,NevadaSeismologicalLaboratory,University ofNevada,Reno,
Reno, NV, jbormann@unr.edu; HOLMES, J. J., Scripps Inst. of Oceanography,
Univ. of California, San Diego, La Jolla, CA; DRISCOLL, N. W., Scripps Inst. of
Oceanography,Univ. ofCalifornia, SanDiego, La Jolla, CA;KENT,G.M.,Nevada
Seismological Laboratory, University of Nevada, Reno, Reno, NV; HARDING,
A. J., Scripps Inst. of Oceanography, Univ. of California, San Diego, La Jolla, CA;
MALONEY, J. M., Scripps Inst. of Oceanography, Univ. of California, San Diego,
La Jolla, CA; UCARKUS, G., Scripps Inst. of Oceanography, Univ. of California,
San Diego, La Jolla, CA

Marine stratigraphy in the Inner California Borderlands (ICB) records several
episodes of deformation, ranging from large-scale extension and rotation to dextral
strike-slip deformation. Although the San Andreas Fault and other faults onshore
accommodate∼85%of the relativeplatemotion, geodetic surveys indicate that fault
structures offshore accommodate 6 8 mm/yr of dextral motion. Proposed models
to explain modern ICB deformation include the reactivation of detachment faults
such as theOceanside blind thrust and/or compressional and extensional step-overs
within strike-slip fault systems.However, the available seismic imageryhas lacked the
resolution anddistribution to define the style and timing of deformation in the ICB.

In late 2013, scientists from the Scripps and UNR conducted three low-
energy multichannel seismic (MCS) and multibeam surveys to characterize fault
architecture and timing in the ICB.We acquired∼4500 line-kmof high-resolution,
regional 2D seismic reflection data using sparker and boomer sources and two 3D
seismic volumes covering a total surface area of 100 km2 using a 14 streamer, 81.25-
m-wide P-Cable system. The new datasets image deformation along the Newport
Inglewood/Rose Canyon, Coronado Bank, San Diego Trough, Palos Verdes, and
San Pedro fault zones, and on the San Mateo, San Onofre, and Carlsbad trends.
These data complement 50 lines of deeper reprocessed legacy MCS reflection data
and shallow high-resolution CHIRP imagery collected by scientists at Scripps.

We will present the first processed images from the new 2D and 3D datasets.
We use a sequence stratigraphic approach to interpret the tectonic evolution and
recent history of fault motion in the ICB. These data show highly deformed
pop-up structures corresponding to left steps in faulting and extensional basins
corresponding to right steps in faulting, supporting the model that modern
ICB deformation is best explained by step-overs in a dextral strike-slip fault
system.

Aftershocks Following the January 5th 2013 Queen Charlotte-Fairweather
Fault Earthquake near Craig, Alaska from Offshore Seismic Observations
ROLAND, E. C., US Geological Survey, Anchorage, AK, eroland@usgs.gov;
RUPPERT,N.A.,Geophysical Institute,University ofAlaska Fairbanks, Fairbanks,
AK, natasha@giseis.alaska.edu; GULICK, S., Jackson School of Geosciences,
University of Texas at Austin, Austin, TX, sean@ig.utexas.edu; HAEUSSLER,
P., U.S. Geological Survey, Anchorage, AK, pheuslr@usgs.gov; WALTON, A.
L., Jackson School of Geosciences, University of Texas at Austin, Austin, TX,
maureenlwalton@utexas.edu

We present results from a rapid-response ocean bottom seismometer (OBS)
experiment that recorded aftershock activity on the Queen Charlotte-Fairweather
(QC-F) fault following the Mw 7.5 earthquake on January 5th 2013 near Craig,
Alaska. The Craig earthquake followed a Mw 7.8 thrust event that occurred in
October 2012, ∼400 km to the south, west of Haida Gwaii, British Columbia.
Although the QC-F is a major plate boundary fault, little is known about the
regional fault structure, interseismic coupling, and rheological controls on the

depth distribution of seismic slip along the continent-ocean transform. Here we
presentdata fromthe first-everoffshore seismometerdeploymentalongthenorthern
segment of the QC-F system. The seismic array consisted of 10 GeoPro short-
period OBS from the University of Texas Institute for Geophysics that recorded
∼3 weeks of aftershock activity in April-May, 2013. The sensors were deployed
and recovered with help from the US Coast Guard. Combining high-quality local
OBS recordings with land-based seismic observations from Alaska Earthquake
Information Center (AEIC) stations to the east, we present precise aftershock
locationsanddepths thathelpcharacterize faultzonearchitecturealongthenorthern
QC-F. More than 500 aftershocks with magnitudes <1.0 were recorded during
the OBS deployment, located along a 60-km-long section of the fault. Although
moment tensor solutions indicate that the January 5th mainshock exhibited slip
consistent with strike-slip Pacific-North America plate motions, aftershock focal
mechanisms indicate some interactionwithneighboring faults, such as theChatham
Straight fault that extends southeast of Baranof Island. Evidence for activity on
branching faults is also supported by the relocated distribution of aftershocks.
This new OBS dataset illuminates the geometry of the transform boundary along
the northern section of the QC-F system and helps define recent large rupture
segmentation.

Quaternary Crustal Deformation at the Apex of the Mount McKinley
Restraining Bend of the Denali Fault, Alaska
BURKETT, C. A., University of Kentucky, Lexington, KY, coreyburkett@
gmail.com; BEMIS, S. P., University of Kentucky, Lexington, KY, sean.bemis@
uky.edu; BENOWITZ, J. A., University of Alaska Fairbanks, Fairbanks, AK,
jbenowitz@alaska.edu;WALKER, L. A., University of Kentucky, Lexington, KY,
laurel.walker@uky.edu

The tallest mountain in North America, Mount McKinley (∼6,000 m), sits on
the inside of a major restraining bend on the active, right-lateral Denali fault.
Opposite this massive peak, on the outside of the restraining bend, is the Peters
Dome foothills that are low elevation (∼2500 m) and confined to a narrow zone
along the Denali fault. Because the style and rate of fault deformation provides
critical insight into the evolution of the restraining bend, we focus on defining
the occurrence and characteristics of Quaternary fault-related deformation across
the north side of the Mount McKinley restraining bend. We performed surficial
and neotectonic mapping along the foothills to define active faulting and deformed
landforms.Topographic profiles and cosmogenic nuclide exposure andburial dating
provide preliminary controls on fault slip rates. Major faults are near-vertical
dip-slip faults east of the apex of the bend and the faults to the west are SE-
dipping thrust faults that parallel the Denali fault. Modeling the active faults with
the regional seismicity suggests that the principle stress axes rotate significantly
across the restraining bend. The variation in strain accommodation along the
foothills highlight how displacement on subsidiary faults are accommodating the
evolution of the restraining bend in this highly strain partitioned system. The
Holocene thrust faults and increase in background seismicity to the west of bend
supports westward migration of the bend being accommodated by shortening on
the thrust faults.

Insight into the Evolution of the Mount McKinley Restraining Bend Through
Thermochronology: Long-Term Controls on Slip Distribution
BENOWITZ, J. A., Geophysical Institute, Fairbanks, AK, jbenowitz@alaska.
edu; BEMIS, S. P., University of Kentucky, Lexington, KY, sean.bemis@uky.edu;
BURKET, C. A., University of Kentucky, Lexington, KY, cabu236@uky.edu;
OSULLIVAN, P. B., Apatite to Zircon, Viola, ID, osullivan@apatite.com

Geometric complexities are a ubiquitous feature of major strike-slip faults and
present complex seismic hazard potential. Given that the maturity of a fault feature
strongly affects slip distribution, surface slip localization, and earthquake behavior
(Dolan and Haravitch, 2014); a better understanding of the evolution of these
features is warranted. TheMount McKinley restraining bend of the Denali fault in
Alaska exists aspartof a strain-partitioned transpressional systemandoffers anatural
laboratory for investigating how restraining bends may evolve. Mount McKinley
(6,194 m) is south of the Denali fault on the inside of an abrupt∼17 degree bend.
WeapplyAFTdating and thermalmodeling to samples collectedonboth sidesof the
Mount McKinley restraining bend combined with geomorphological observations
to constrain both the restraining bend initiation and evolution. AFT cooling ages
from samples on both sides of the Denali fault, range from ∼8 Ma to ∼2 Ma.
Track length distributions indicate all samples cooled quickly at the time of AFT
closure. This preliminary data suggest a pattern of AFT ages younging to the west.
One implication of this trend is that the MountMcKinley restraining bend may be
migrating to the west at a long term rate of 2 km/Ma; this rate is less than half of
the modern Denali fault slip rate. Although glacier coverage of most of the Denali
fault trace in the restraining bend precludes us from developing a paleoearthquake
rupture history, we can use the slip rate decrease through the restraining bend
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and the conversion of horizontal motion to vertical displacement to constrain
possible long-term trends in earthquake distribution. Integrating structural analysis
of active faults and will allow us to develop robust models for the evolution of the
MountMcKinley restraining bend system, assist with a long standing paleo-slip rate
controversy, regional seismic hazard assessment, and provide a geological test case
for analog experiments.

Analog Modeling of Restraining Bends: A Study of Strike-Slip Fault Evolution
HATEM, A. E., University of Massachusetts, Amherst, MA, ahatem@cns.
umass.edu; COOKE, M. L., University of Massachusetts, Amherst, MA,
cooke@geo.umass.edu;MADDEN,E.H.,University ofMassachusetts, Amherst,
MA, ehmadden@geo.umass.edu

Restraining bends migrate and evolve over time, by propagation of new faults and
abandonment of faults. Such processes are poorly constrained in space and time,
leaving open questions about how strike-slip faults interact over geologic time.
Scaled analog modeling using wet kaolin allows our team to make qualitative
observations and quantitative analyses about restraining bend evolution. We
document fault initiation and abandonment to see how restraining bends overcome
initial mechanical inefficiencies. Deformation is captured in photographs later
analyzed using Particle Image Velocimetry, a particle tracking software. Restraining
bends within the claybox grow oblique-slip faults outboard of the initial restraining
segment on one or both sides of the restraining bend. These new faults often link
with the pre-cut faults. We quantify the evolving mechanical efficiency of the fault
systems as a ratio of measured fault slip per image to applied plate displacement
(0.5mm/minute). At the start of fault slip, the efficiency correlates to restraining
bend angle; shallower restraining bends are initially more efficient. Restraining
bends with angles greater than 20 degrees have about the same initial efficiency.
Restrainingbendswithhigheranglesbegin inefficient,butefficiency increasesasnew
faults propagate and link with the existing. Regardless of kink angle, all restraining
bends have roughly equal efficiency (85%) after 55 mm applied displacement. We
examine theDenali strike-slip system in the clayboxwith13and17degreekinkangle
restraining bends; such models resemble current relative topography distribution
and surface fault traceswithin theAlaskaRange. Both analog and crustal restraining
bendsmaybe inefficient structures along otherwise efficient strike-slip fault systems.
Similarly, faults overcome such inefficiencies by abandoning high angle, moderately
efficient structures in favor of propagating new oblique-slip faults.

Pillars of Simulation: Seismic Velocity andMaterialModels
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

UCVM: Open Source Software Framework for 3D Seismic Velocity Models
GILL, D.,University of SouthernCalifornia, LosAngeles, CA, davidgil@usc.edu;
SMALL, P., University of Southern California, Los Angeles, CA, patrices@
usc.edu; MAECHLING, P., University of Southern California, Los Angeles,
CA, maechling@usc.edu; JORDAN, T., University of Southern California,
Los Angeles, CA, tjordan@usc.edu; PLESCH, A., Harvard University, Boston,
MA, andreas_plesch@harvard.edu; TABORDA, R., University of Memphis,
Memphis, TN, ricardo.taborda@memphis.edu; CALLAGHAN, S., University
of Southern California, Los Angeles, CA, scottcal@usc.edu

Three-dimensional (3D)seismicvelocitymodelsdescribeearthproperties suchasVs,
Vp, and density, and provide fundamental input data to groundmotion simulations,
in the form of structured, or unstructured, meshes. Multiple alternative 3D seismic
velocity models are available for California, and 3D models for other parts of the
United States and Europe have been developed. In order to compare, and evaluate
3Dvelocitymodels, researchers need standardizedways to query alternativemodels,
and build meshes used for ground motion simulations. The Unified Community
VelocityModel (UCVM) software is anopen source frameworkdesigned toprovide
a consistent way to interact with alternative seismic velocity models.

UCVM includes many software tools to help researchers better understand
the effects of velocity models on ground motion simulations. UCVM can be used
to generate large-scale meshes for use in high-frequency 3D wave propagation
simulations. It can generate Cartesian meshes, e-trees, and it can output meshes in
NetCDF format. The UCVM code is very scalable; as one example, it was used
to generate a 250GB e-tree that was used in a 4Hz Chino Hills wave propagation
simulation.

UCVM supports: multiple California community velocity models (although
there is no intrinsic dependency upon California); sea-level or ground-level vertical
references; an optional Vs-30 derived geotechnical layer; and the introduction
of small-scale heterogeneities into velocity models for use in higher frequency
simulations. UCVM can also be used to help visualize meshes, by exporting them
seamlessly to existing software tools, such as IDV.

Recently, UCVM has been used to deliver and evaluate tomography-based
improvements to SCEC’s CVM-S4 southern California 3D velocity model. The
resultingmodel (CVM-S4.26)combines theoriginalmodel, andperturbation-based
improvements for output in arbitrary resolution meshes.

Two-Station Micro-Tremor Measurements to Detect the Depth to Bedrock in
Sultan, Washington
HAYASHI, K., Geometrics, San Jose, CA, KHayashi@geometrics.com; CAKIR,
R., Washington State Department of Natural Resources, Olympia, WA,
Recep.Cakir@dnr.wa.gov; WALSH, T. J., Washington State Department of
Natural Resources, Olympia, WA, tim.walsh@dnr.wa.gov; DRAGOVICH, J.
D., Washington State Department of Natural Resources, Olympia, WA, JOE.
DRAGOVICH@dnr.wa.gov

We performed a passive surface wave method at two sites in the Cherry Creek
fault zone (CCFZ) in Sultan, Washington to detect the depth to bedrock below
Quaternary deposits. Gravity, structural, subsurface and earthquake data suggests
that the main strand of the CCFZ that strikes NNE is a left- lateral strike slip fault
zone with a substantial eastside-up component of offset. The purpose of the study is
to confirm a geological structural interpretation of the fault suggested from existing
geological information (Dragovich et al., 2013). The passive surface wave method
wasperformedat twositeswithapproximately500mseparationatbotheastandwest
sides of theCCFZ.Weused two-stationmicrotremor arraymeasurements to obtain
dispersion curves. At each site, one seismograph was established at a fixed location
and acquired microtremor data for the duration (several hours) of the survey. A
second one acquired data using variable separations from the fixed site ranging from
10 to 659 m and 10 to 400 m at east and side west of the CCFZ, respectively. A
spatial autocorrelation method was used to calculate phase velocities from the data
and an inversion using a genetic algorithm estimated S-wave velocity (Vs) profiles
from dispersion curves. The phase velocities were determined in a frequency range
between 0.8 and 10 Hz. The phase velocities at the east side are higher than for the
west side in a frequency range below 2 Hz. Vs profiles obtained by the inversion
shows that theapproximatedepth tobedrock (Vs>700to750m/s) at the east side is
150mand thewest side is 260m.The investigation results confirmgravity and some
borehole data presented in the existing report indicating that the main strand of the
CCFA is spatially coincident with distinct shallowing in bedrock in the subsurface
in the Skykomish River area. The result appears to be a bedrock ridge on and east
of the main fault strand that might be the result of Pleistocene and older oblique
offset.

DetectionofShallowCrustalDiscontinuities fromHigh-FrequencyWaveforms
of Local Microearthquakes
HRUBCOVA, P., Institute of Geophysics Academy of Sciences, Prague, Czech
Republic, pavla@ig.cas.cz; VAVRYCUK, V., Institute of Geophysics Academy
of Sciences, Prague, Czech Republic; BOUSKOVA, A., Institute of Geophysics
Academy of Sciences, Prague, Czech Republic

Determination of seismic velocity model within the crust is usually inferred from
active seismic investigations, reflection and refraction imaging. Passive seismic
investigation focused on microseismic or local sources has an advantage since it
typically handles large amount of data ideal for stacking, sources are usually far
from the shallowest structure so waveforms are rather simple, and data acquisition
is not expensive. The standard microseismic monitoring is prevalently used for
retrieving information on seismic source parameters. However, knowledge of a
detailed structure of seismoactive region is essential for all advanced studies and can
find broad applications in crustal studies, exploration seismics, mining, and natural
microseismicity.

The method is tested on waveforms of local microearthquakes from West
Bohemia/Vogtland region recorded by network of 22 three-component seismic
stations. We focus on high-frequency PS and SP converted waves generated at
shallow interfaces at depths between 2 and 5 km. Apart from velocity contrasts, the
amplitudes of convertedwaves are significantly affected by source-receiver geometry
and focalmechanisms of the earthquakes. This observation complicates the analysis,
being absent in processing of standard active experiments with sources of rather
uniform radiation. The strong dependence of reflection/conversion amplitudes on
focal mechanisms and source-receiver geometry is confirmed by synthetic tests,
which reveal preferential azimuths suitable for interpretation of data.We developed
a new multi-azimuthal approach for data processing, followed by data alignment
and stacking, analysis of reflection/transmission coefficients, synthetic modeling
of full waveforms using the discrete wave number method, and the grid search
algorithm as the robust inversion. Good azimuthal coverage of stations and proper
attention paid to radiation patterns enable to retrieve even the topography of
interfaces.
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Detailed Crustal Structure of the North China and its Implication for Seismic
Activity
JIANG,W. L., Institute of Crustal Dynamics, China Earthquake Administration,
Beijing, China, jiang_wenliang@163.com; ZHANG, J. F., Institute of Crustal
Dynamics, China Earthquake Administration, Beijing, China, zhangjingfa@
hotmail.com; WANG, X., Institute of Crustal Dynamics, China Earthquake
Administration, Beijing, China, wangxinjapan@163.com; TIAN, T., Institute
of Crustal Dynamics, Beijing, China

Since the Mesozoic-Cenozoic era the North China Craton has experienced an
important tectonic transition which gave rise to complicated crustal structure and
strong earthquake activity. Based on the large-scale surface gravity data, we studied
the detailed crustal structure and seismogenic mechanism of the North China. The
results indicate that the North China presents typical characteristics of adjoining
depression and uplift, alternating basins and hills, inhomogeneous density and also
great differences in crustal structure andMoho topography. The upper and middle
crustal structures are dominated by the NNE-striking tectonic units, with many
faults cut down to the middle crust. The lower crust is characterized by the folding-
structure,withhigh- and low-density placed alternately fromwest to east, presenting
lateral heterogeneous feature. Adjusted by the gravity isostasy, Moho topography
of the North China fluctuates greatly. Compared with the North China Basin,
crustal thickness in the Western Taihang, northern Yanshan and Luzhong areas
are much thicker while those densities are lower than the North China Basin. The
dominating tectonic direction of the Moho topography strikes NE to NNE and
undulates alternately from west to east. Gravity anomalies in the upper and middle
crusts of themountainous areas are related to the surface topography.The epicenters
are mostly concentrated in the upper and middle crusts, especially the transitional
areas between the high- and low-gravity anomalies. The Tancheng earthquake in
1668, Sanhe earthquake in1673,Tangshanearthquake in1976, andall other seismic
tectonic zones of the North China are all distributed in areas where magma moves
strongly beneath the crust, which is considered to be related to themovement of the
high density, unstable and heat flows along the deep passage from the uppermost
and asthenosphere due to the subduction of the Pacific slab towards the Eurasian
plate.

Frequency Dependent Lg Attenuation in Northeast China
RANASINGHE, N. R., New Mexico State University, Las Cruces, NM,
nrana001@nmsu.edu; GALLEGOS, A. C., New Mexico State University, Las
Cruces, NM, agall@nmsu.edu; TRUJILLO, A. R., Schlumberger Information
Solutions, Houston, TX, andrea.trujillo87@gmail.com; SANDVOL, E. A.,
University of Missouri, Colombia, MO, sandvole@missouri.edu; NI, J., New
Mexico State University, Las Cruces, NM, jni@nmsu.edu; HEARN, T. M.,
New Mexico State University, Las Cruces, NM, thearn@nmsu.edu; TANG,
Y., China University of Petroleum, Beijing, China., jacktangyc@gmail.com;
GRAND,S. P.,University ofTexas atAustin,Austin,TX, steveg@jsg.utexas.edu;
NIU, F.L, Rice University, Houston, TX, niu@rice.edu; CHEN, Y.J., Peking
University, Beijing, China, johnyc@pku.edu.cn; NING, J.Y., Peking University,
Beijing,China,njy@pku.edu.cn;KAWAKATSU,H.,University ofTokyo,Tokyo,
Japan, hitosi@eri.u-tokyo.ac.jp; TANAKA, S., Japan Agency for Marine-Earth
Science and Technology, Yokosuka, Japan, stan@jamstec.go.jp; OBAYASHI,
M., Japan Agency for Marine-Earth Science and Technology, Yokosuka, Japan,
stan@jamstec.go.jp

The 127 station Northeast China Extended Seismic Array (NECESSArray),
previous PASSCAL experiments, GSN broadband stations, Chinese, Japanese and
SouthKoreanpermanent stationsprovidesunprecedented seismicdata inNortheast
China, allowing us to resolve lateral variations of LgQ greater than or equal to 2.0◦ .
We gathered more than six thousand Lg path-amplitudes frommore than hundred
crustal earthquakes. Using the reverse two-station/event method, we obtained a
two-dimensional tomographic image of LgQwith its values ranging from about 50
to 1500. A high degree of detail in the lateral variation of Lg attenuation is revealed
in our tomographic image than the previous studies in the area. We also observe
strong frequency dependent in attenuation. Low attenuation regions are found in
the Great Xing’an, Lesser Xing’an and Songen-Zhangguangcai Ranges. Islands of
lowattenuation appear tobe associatedwith granitic batholiths in theGreatXing’an
Range.Attenuation ishigh in theSongliao, Sanjiang,ErlianBasins andBohaiBasins.
The highest attenuation is found in the vicinity of the Changbaishan,Wudalianchi
volcanic field, and Quaternary volcanic regions, the southern Songliao Basin, west
of Erlian Basin, Bohai Basin and the Sanjiang Basin. Highly attenuating regions
correlate well with regions of high heat flow and volcanism, suggesting intrinsic
attenuation as the main cause of low crustal Q. Low Q regions also occur within
basins with thick, unconsolidated sediments. Some of the high Lg attenuation
regions, outside of the Great Xing’an Range and Songliao Basin, correlate well with
the uppermost mantle low shear wave velocity anomalies, suggesting that hotter
uppermost mantle also contribute to crustal attenuation.

High Resolution Regional Travel-Time Tomography in South-Central Tibet:
Imaging Tibetan Crust beneath the Hi-CLIMB Array
RIDDLE, E., Oregon State University, Corvallis, OR, evanriddle.geo@
gmail.com; NABELEK, J. L., Oregon State University, Corvallis, OR, nabelek@
coas.oregonstate.edu; BRAUNMILLER, J., University of South Florida,
Tampa, FL

TheHiCLIMBPhase II broadband seismic experiment operated 133 stations along
a 550 km long north-south line from the Himalayan hinterland to the central
Tibetan Plateau and a 350× 350 km sub-array within southern Tibet. Station
spacing was approximately 8 km along the line and 50 km within the sub-array.
The experiment spanned the Himalayan range, Lhasa Block, Qiangtang Block
and crossed the Yarlung Tsangpo Suture (YTS) and the Banggong-Nujiang Suture
(BNS). From June 2004 to August 2005, over 22,500 local and regional seismic
events were recorded and located throughout the south-central Tibetan Plateau
based on automated arrival time picks. This dataset provides an opportunity to
jointly invert for crust and upper mantle velocity structure along with earthquake
locations using P and S waves. We use a subset of 5,900 best-recorded local events
containing over 200,000 P and 90,000 S wave arrivals to conduct the inversion.
Our preliminary results indicate well resolved velocities in the upper mantle and
upper to middle crust, 0 50 km depth. In the upper crust, 0 20 km, we observe
east-west striking low Vp zones associated with the BNS and YNS. These velocity
anomalies are not present at depth, suggesting the suture zones do not affect the
velocity structurebelowthe shallowcrust.Within theLhasaBlockVpvalues increase
abruptly from south to north around 31◦N in themid-crust, 30 50 kmdepth. Low
Vp values in the southern Lhasa Block and northernHimalayas match with receiver
function data and could indicate partial melt or the presence of pore fluids in the
middle crust. In the northern Lhasa Block a thin, high Vp layer extends from 31◦N
to 34◦N past the BNS into the Qiangtang Block at 30 to 40 km depth. This layer
has not previously been mapped and its composition is being determined. In the
upper mantle an east-west velocity gradient is present with high Vp values to the
east beneath the YTS and low Vp values to the west within the Qiangtang Block.

Sn Attenuation in Northeast China
YAN, Q., University of Missouri-Columbia, Columbia, MO, qy4f2@mail.
missouri.edu; SANDVOL, E., University ofMissouri-Columbia, Columbia, MO,
sandvole@missouri.edu; KU, W., University of Missouri-Columbia, Columbia,
MO, wkb57@mail.missouri.edu

Northeast China is a generally active continental region which is controlled by
Pacific plate subduction and India-Eurasia collision. In this study of uppermost
mantle seismic wave attenuation, we use the regional high frequency seismic phase
Sn tomeasuremantle lid shearwaveQ.Wehaveuseddata fromthe three-component
broadband seismograms recorded by the Northeast China Extended Seismic Array
(NECESSArray). We collected waveform data recorded by 127 stations from 140
earthquakes within a rectangular region from 30◦N to 60◦N in latitude, 100◦E to
145◦E in longitude.

Models of Sn Q are calculated by applying both two-station method (TSM)
and reverse two-stationmethod (RTM). The RTM is more accurate and eliminates
the site responses and crustal contribution to Sn attenuation. The site effect is then
estimated form comparing the results from these two methods.

In general, the inversion results show high Q values lie in Songliao Basin,
indicating relatively low temperature for the uppermost mantle. We can roughly
divide the Q0 values into four regions: low (Q0 < 400), medium low (400< Q0
< 800), medium high (800<Q0 < 1200), and high (Q0 > 1400). We observed
low Q0 in Xilinhot block, Songnen block, eastern Zhangguangcailing block and
Yanji block which are part of Songnen unit, medium low Q0 in Okhotsk belt,
medium high Q0 in northern Songliao basin, and high Q0 in southern Songliao
basin and western Zhanggaungcailing block. The basins are characterized by high
SnQ0 values. The borders between highQ0 and lowQ0 are mostly along the active
faults.Resolution test using checkerboard shows good resolution at scale of 2◦ × 2◦
within most of the study area.

Mechanisms of PostseismicDeformation Following the 2010M=7.2 ElMayor-
Cucapah Earthquake
ROLLINS, J. C., California Institute of Technology, Pasadena, CA, jcrollin@
caltech.edu; BARBOT, S. D., Earth Observatory of Singapore, Singapore,
sbarbot@ntu.edu.sg; AVOUAC, J. P., California Institute of Technology,
Pasadena, CA, avouac@gps.caltech.edu

The Salton Trough is an ideal site in which to use postseismic deformation to
study the rheology of the crust and upper mantle. In this region, lithospheric
thinning has brought the low-viscosity asthenosphere up to within <50 km of
the surface, high surface heat flow implies low viscosities throughout the thin
lithosphere, and the transform component of relative plate motion produces large
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strike-slip earthquakes that impart large stress changes to this low-viscosity structure,
likely inducing significant postseismic deformation. The 2010Mw=7.2 El Mayor-
Cucapah earthquake was the largest in the Salton Trough since at least 1892 and
the postseismic deformation following this earthquake may provide insights into
rheology at depth that are difficult to extract elsewhere. Three-year postseismic
displacement timeseries extracted at UNAVCO GPS stations show four key
attributes: 1) the Imperial Valley experienced ∼2 cm of uplift in both coseismic
and postseismic deformation; 2) significant westward displacement occurred in
the Peninsular Ranges, suggesting a long-wavelength mechanism; 3) near-field
timeseries show a rapid deformation signal in the first year after the mainshock;
and 4) that signal is followed by a sustained signal that is still active at the time of
writing. Forwardmodeling of stress-driven deformation reveals that the uplift in the
Imperial Valley and the large displacements in the Peninsular Ranges are best fit to
Newtonian viscoelastic relaxation in a low-viscosity asthenosphere with geometry
matching the regional lithosphere-asthenosphere boundary inferred from receiver
functions. The temporal signal in the near field can be fit to a variety of plausible
mechanisms and rheologies but, among them, is well fit to a combination of deep
afterslip and Newtonian viscoelastic relaxation in the lower crust, both plausible
deformationmechanismsfora largestrike-slipearthquake inahigh-heat-flowregion.

Separation of the Earthquake Tomography Inverse Problem to Refine
Hypocenter Locations and Tomographic Models: A Case Study from Central
Oklahoma
TOTH, C. R., Oklahoma Geological Survey, Norman, OK, christopher.r.toth@
gmail.com; CHEN, C. C., Oklahoma Geological Survey, Norman, OK, c.chen@
ou.edu; HOLLAND, A. A., Oklahoma Geological Survey, Norman, OK,
austin.holland@ou.edu

The tomographic inverse problem is sensitive to both the velocity anomaly
distribution and hypocenter origins. By using an inversion approach to solve for
bothhypocenteroriginsandvelocitystructure,additionalunconstraineddampening
parameters must be set to run the joint inversion. Each dampening parameter has
a range of reasonable values, so the more inversion parameters that must be set to
run the inversion increases the ambiguity in the final model. Furthermore, since the
tomographic modeling and 3D hypocenter location steps both benefit greatly from
grid searching and analysis of trade-off curves, determining the range of reasonable
values for each of the inversion parameters can become an increasingly difficult
problem in itself as the number of dampening and model parameters increase. For
these reasons, we separate the hypocenter location process from the tomographic
inversion and run these steps iteratively.

The data used in this study was obtained from a deployment of 156 vertical 2-
Hz geophones and 18 3-component broadband seismometers. The survey spanned
70 kilometers between two zones of increased seismicity in Central Oklahoma; the
first area is the Jones earthquake swarm, and the second is theWilzetta Fault rupture
of 2011. From the eight earthquakes that were recorded, approximately 1,500 P and
S travel times for direct and refracted rays were determined. These travel times were
used to constrain 3D tomographic modeling using FMTomo (Rawlinson, 2006)
and to locate the hypocenters in the resulting 3D tomographicmodel inNonLinLoc
(Lomax et al., 2001). Due to the dramatic increase in earthquakes Oklahoma has
seen in the last few years, the tomographic technique described here will be applied
to the entire Oklahoma earthquake catalog to generate a community 3D velocity
model for central Oklahoma.

Detailed Near Surface Velocity Model and Site Response of the Hayward,
East San Francisco Bay Area: 2D VelocityModel Based on Active and Passive
Surface Wave Methods
CRAIG, M. S., California State University, East Bay, Hayward, CA, mitchell.
craig@csueastbay.edu; HAYASHI, K., Geometrics, San Jose, CA, KHayashi@
geometrics.com

We conducted active and passive shear-wave velocity (VS ) surveys at several
locations along a 4 km long transect crossing the Hayward fault and extending
onto the alluvial basin at the foot of the East Bay hills. At each site, three types of
surveys were performed. Near-surface velocity structure was measured to depths of
∼20 40musing a 48-channel linear array with 1) a hammer source and 2) ambient
noise.Deeper velocity structurewasmeasured to depths as great as∼2000musing a
two-station SPAC (spatial autocorrelation) method. Data recorded using the three
methods were then combined to produce a single dispersion curve for each site.
Each dispersion curve was inverted to provide a VS profile. The maximum depth
at which velocity could be measured varied from∼200 to 2000 m, depending on
the site.

VS profiles show signigicant lateral variations across the Hayward fault. A
gabbroic site in the uplifted East Bay hills has a thin weathered zone overlying
basement; VS exceeds 1500 m/s at a depth of 250 m. Valley floor sites within 1 2
km of the Hayward fault have a thicker near-surface layer with slower velocities

consistent with sedimentary materials; VS in the upper 100m is generally less than
500 m/s, gradually increasing to 1250 m/s at a depth of 450 m.

Site Response: From Site-Specific Analyses to Predictive
Models Around the Globe
Poster Session ·Wednesday · 30 April ·Cook/Arteaga

Detailed Near Surface Velocity Model and Site Response of the Hayward,
East San Francisco Bay Area: Seismic Observation of a Building Implosion
and its Interpretation from Site Response Point of View
HAYASHI, K., Geometrics, Cupertino, CA, KHayashi@geometrics.com;
CRAIG,M., California StateUniversity, East Bay,Hayward, CA,mitchell.craig@
csueastbay.edu

A twelve-story building at California State University, East Bay, in Hayward, CA
was demolished by implosion in August, 2013. The building was located∼300 m
away from theHayward Fault and seismic groundmotion induced by the implosion
was recorded to study velocity structure across the Hayward Fault. We deployed
five sets of three-component broadband accelerometers across the Hayward Fault
and recorded ground motion induced by the implosion. Accelerometers were
placed along a line oriented perpendicular to the Hayward Fault with a spacing
of approximately 800m at distances ranging from 800 to 4000m from the building.
The implosion was clearly observed at all stations. The ground motion induced
by the implosion lasted ∼15 s and propagated with apparent velocity of ∼400
m/s. Maximum acceleration was ∼4.4 cm/s2 at a distance of 800 m from the
building and ∼0.3 cm/s2 at a distance of 4000 m. Spectra of all stations are
basically flat from 0.5 Hz to 50 Hz, with no obvious peak. The spectrum from
each station was divided by the spectrum of the station closest to the building to
estimate site amplification. Resultant horizontal spectral ratios clearly show peaks
at 1.5 Hz. A representative S-wave velocity cross section was constructed based
on the active and passive surface wave methods and theoretical ground motion
was calculated using a 2D viscoelastic finite-difference method. The theoretical
groundmotion shows a clear peak frequency at∼1Hz and it is generally consistent
with the observed implosion record. The S-wave velocity model constructed by
the surface wave methods and the observation of the building implosion implies
that the low frequency component of ground motion may be locally amplified
on the west side of the Hayward Fault because of the effect of two-dimensional
structure.

Effect of Site Models on Standard Deviation of GMPEs and Fundamental Site
Frequency as a New Complementary Site Parameter
SANDIKKAYA,M. A., Middle East Technical University, Ankara, Turkey and
ISTerre, Universite Joseph Fourier, Grenoble, France, asandikkaya@gmail.com;
BARD, P. Y., ISTerre, Univ. Joseph Fourier, Grenoble, France, pierre-
yves.bard@ujf-grenoble.fr; AKKAR, S., KOERI, Bogazici University, Istanbul,
Turkey, sinan.akkar@boun.edu.tr

For pan-European region, Akkar et al. (2013; ASB13) proposed the next generation
ground-motion prediction equations (GMPEs). When compared to previous
GMPEs for the region, ASB13 developed the equations with a nonlinear sitemodel
that makes use of VS30 and PGArock. In this study, with the same dataset, we
performed regressions to investigate the effect of different site models (i.e., generic
soil classes, linear andnonlinear sitemodels) on sigmaofGMPEs.Using either linear
ornonlinear sitemodels inpredictive equations result in significantdecrease in sigma
with respect to ones with generic site classes. The change of sigma between linear
and nonlinear sitemodels are quite negligible in long periods; however, in lowVS30
range at short periods where soil nonlinearity is observed, the difference becomes
more visible (on average the reduction is about 5%). In addition, additional site
parameters (i.e., depth-to-rock, Z1 and fundamental site frequency, F0) to improve
ASB13 were investigated. Both parameters are effective in reduction of sigma at
longer periods (T>0.65s). Based on our preliminary results, the efficiency of F0 is
more than Z1.

Empirical Assessment of Site Effects in Low Seismicity Areas
PERRON, V., CEA, Saint Paul lez Durance, France, vincent.perron2@cea.fr;
HOLLENDER, F., CEA, Saint Paul lez Durance, France, fabrice.
hollender@cea.fr; GUYONNET-BENAIZE, C., CEA, Saint Paul lez Durance,
France, cedric.guyonnet-benaize@hotmail.fr; BARD, P. Y., ISTerre, Grenoble,
France, pierre-yves.bard@ujf-grenoble.fr; GÉLIS,C., IRSN, Fontenay auxRoses,
France, celine.gelis@irsn.fr

In case of unfavorable geological and geomorphological local features, site effects
can significantly amplify groundmotions. It is possible to quantify these site effects
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by numerical simulation with a given seismic scenario (source location, magnitude
. . .) and a description of geological, geophysical and geotechnical environment.
However, these simulations cannot alone address the whole issue of site effect
evaluation. Indeed, the geological features will probably never be described with
the required resolution to characterize the seismic motion up to high frequency.
It is therefore essential to complete the simulations with seismic recordings of real
earthquakes. Such ‘‘empirical’’ approaches allow: a/ to access Standard Spectral
Ratio (SSR) measurement or other quantification of the site-specific transfer
function (coda, duration, . . .), b/ to consider the use of methods by empirical
Green’s functions, c/ to evaluate the attenuation of high frequency of seismic signals
(characterized by the ‘‘kappa’’ parameter). While these approaches seem readily
available in areas of high seismicity ( Japan, Greece, California . . .), where the data
are both numerous and correspond to earthquakes of moderate to high magnitude,
they are more difficult to implement in low seismicity areas, as in metropolitan
France. Indeed, earthquakes we can record in these area are few and correspond
to remote earthquakes (earthquakes with medium or high magnitude but far from
the site of interest), or regional and local earthquakes, but with low to moderate
magnitude.

We present the available data set for a site located in Provence, South East of
France, over a 2 years period (2012 2013). We discuss the potential use of these
data according to the distance of valuable earthquakes (local, regional or distant
earthquakes) with respect to the different kind of analyses (SSR, coda, kappa. . .)
and local anthropic noise.

Rock and Stiff-Soil Site Amplification: Dependency on VS30 and kappa (κ0)
LAURENDEAU, A., CEA/DAM/DIF/DASE, Arpajon, France, aurore.
laurendeau@cea.fr; COTTON, F., ISTerre, Université Joseph Fourier, Grenoble,
France, fabrice.cotton@ujf-grenoble.fr; KTENIDOU, O. J., ISTerre, Université
Joseph Fourier, Grenoble, France, olga.ktenidou@ujf-grenoble.fr; BONILLA, L.
F., IFSTTAR, Université Paris-Est, Marne-La-Vallée, France, luis-fabian.bonilla-
hidalgo@ifsttar.fr; HOLLENDER, F., CEA Cadarache, St Paul lez Durance,
France, fabrice.hollender@cea.fr

A ground-motion prediction equation (GMPE) specific to rock and stiff-soil sites
is derived using seismic motion recorded on high VS30 sites in Japan. This GMPE
applies to events with 4.5≤Mw≤ 6.9 and VS30 ranging from 500 to 1500 m/s
(stiff-soil to rock sites). The empirical site coefficients obtained and the comparison
with the simulated site functions show that seismic motion on rock and stiff-soil
sites does not depend only onVS30, but also on the high-frequency attenuation site
properties (κ0). The effects of the site-specificκ0 on site amplification are analyzed
using stochastic simulations, with the need to take into account both of these
parameters for rock-site adjustments. Adding the site-specific κ0 into the GMPEs
thus appears to be essential in future work. The rock-site stochastic ground-motion
simulations show that the site-specific κ0 controls the frequency corresponding to
the maximum response spectral acceleration (famp1). This observation is used to
link the peak of the response spectral shape to κ0 in this specific Japanese dataset
and then to add the effects of high-frequency attenuation into the previous GMPE
from the peak ground acceleration and up to periods of 0.2 s. The inclusion of
κ0 allows the observed bias to be corrected for the intraevent residuals and thus
reduces sigma. However, this κ0 determination is limited to a minimum number
of rock-site records withMw≥ 4.5 and to distances of less than 50 km.

Site Response in Western Washington from Specral Ratios
KESHVARDOOST, R., Auburn University, Auburn, AL, ru@auburn.edu;
WOLF, L.W., Auburn University, Auburn, AL, wolflor@auburn.edu

We compare site amplification and resonant frequencies from 3-component
broadband groundmotion data, strongmotion data and ambient noise for locations
encompassing the Seattle and Tacoma, Washington, basins. Records were acquired
fromthe2012M6.1Vancouver Islandearthquake and itsM4.5 aftershock and from
the 2012 M 7.8 Queen Charlotte Islands earthquake for the comparison. Seismic
stations were chosen to cover different geologic units close to Seattle and Tacoma
basins and other areas in west part of Washington State. In order to determine the
site amplification, we used Fourier spectral ratios of recorded horizontal ground
motions, referenced to a rock site. SSR plots show a considerable amplification
in in frequencies above 2Hz. As observed by others, a shift in frequency exists
between the mainshock and the aftershock, which possibly is due to a non-linear
response of soil sites. However this shift is not consistent in all frequencies and
at sediment sites. H/V results show resonant frequencies ranging from 2Hz to
15Hz. A comparison of H/V values for noise and earthquake data suggests that
the peak frequencies at each site are relatively stable, except for one of the stations.
Peak frequencies likely correlate with different depths to basement. There is a good
agreement between the results from this study and previous studies in the area,
suggesting that ambient noise studiesmay provide useful information about ground
motions in sedimentary basins.

Site Amplification using Generalized versus Hazard-Consistent Ground
Motion: A Site-Specific Comparative Case-Study in CEUS
LI, W., Paul C. Rizzo Associates, Inc., Pittsburgh, PA, wei.li@rizzoassoc.com;
QUITTMEYER, R. C., Paul C. Rizzo Associates, Inc., Pittsburgh, PA,
richard.quittmeyer@rizzoassoc.com; KIMBALL, J. K., Paul C. Rizzo Associates,
Inc., Pittsburgh, PA, jeffrey.kimball@rizzoassoc.com; BLANCO, J. E., Paul C.
RizzoAssociates, Inc., Pittsburgh, PA, jose.blanco@rizzoassoc.com; ZANDIEH,
A., Paul C. Rizzo Associates, Inc., Pittsburgh, PA, arash.zandieh@rizzoassoc.com

In PSHA, one approach to consider the effect of local site amplification convolves
amplification functions (AFs)with rockhazard curves to obtain hazard curves at the
surface of the soil deposit (e.g., Bazzurro and Cornell, 2004). Magnitude (M) and
distance (R) terms are usually omitted in the integral form of the convolution based
on the assumption that theMandRdependencies ofAFs are insignificant compared
to the intensity dependency. This implies that generalized, site-independent rock
motions can be used to derive the AFs. In this study, soil hazard derived using
generalized rock motions is compared with that derived using hazard-consistent
rock motions for a site in the CEUS. The hazard-consistent rock motions are
determined based on rock hazard deaggregation at multiple annual frequencies of
exceedance (AFE) and multiple oscillator frequencies. The comparison shows that
the soil hazard derived from the two alternative approaches (generalized versus
site-specific) are similar for most of the AFEs and oscillator frequencies. However,
significant differences in soil hazard are observed for certain AFE and frequency
combinations, when far and near controlling events have comparable contribution
to the rock hazard. It is illustrated that the frequency content of the input rock
motions for the far event and near event are significantly different, which results
in larger variability in the derived AFs. This leads to larger soil hazard when the
hazard-consistent motions are considered. In contrast, the soil hazard derived using
generalized rockmotion is smaller because the motion dependent variability in AFs
is neglected. If generalized ground motion is used instead of site-specific hazard-
consistent groundmotion to derive site-specific AFs, the derived soil hazardmay be
non-conservative, depending on the rock hazard deaggregation.

Shallow and Deep Shear-wave Velocity Data for ShakeMaps,
Characterizations of Earthquake Recording Station Sites and Site Response
Analyses in Washington and Oregon
CAKIR, R., Washington State Department of Natural Resources, Olympia,
WA, recep.cakir@dnr.wa.gov; WALSH, T. J., Washington State Department
of Natural Resources, Olympia, WA, tim.walsh@dnr.wa.gov; HAYASHI, K.,
Geometrics Inc., San Jose, CA, KHayashi@geometrics.com; XIA, J., China
University of Geosciences, Wuhan, China, jianghai_xia@yahoo.com; MADIN,
I., Oregon Department of Geology and Mineral Industries, Portland, OR,
ian.madin@dogami.state.or.us

Washington State Department of Natural Resources Division of Geology and
Earth Resources (WADNR-DGER) has been conducting active/passive seismic
surveys to estimate shallow and deep shear-wave velocities (Vs) for strongmotion
and broadband stations of the Pacific Northwest Seismic Network (PNSN) in
Washington andOregon.We used SH-refraction,Multichannel Analysis of Surface
Waves (MASW) (Rayleigh andLovewaves)methods to estimate shallowVs profiles
that can be used to improve ShakeMap products and seismic soil classification,
both of which are inputs to HAZUS-MH Earthquake Risk analysis software.
Recently, we tested passive single-station and multi-sensor Microtremor Array
Measurements (MAM) to estimate Vs at depths (from 10 to 3000 meters) in
Seattle, Olympia and Portland. Single-stationHorizontal-to-Vertical Spectral Ratio
(HVSR), and multi-sensor and 2-station microtremor arrays were used to estimate
deep Vs profiles. These deep Vs profiles can be used as inputs for urban earthquake
hazard assessments and individual building evaluations (i.e., schools, hospitals,
and other essential structures), both within and outside of sedimentary basins.
We will present examples of Vs data generated using these practical and cost-
effective survey methods used for evaluation of individual buildings at schools
in Washington, site response analyses at PNSN stations inside and outside the
basin areas in Seattle and Portland. Finally, we will present examples of seismic
site characterization results used for HAZUS-MH earthquake damage evaluations
of individual school buildings in Washington, and development of a subsurface
database for the PNSN strongmotion station sites inWashington andOregon. Our
effort of building shallow and deep Vs velocity database correlated with available
borehole information will help significantly improve ShakeMap products, urban
hazard mapping in Pacific Northwest, and understanding site effects on ground
motions at the PNSN stations.

Computation of H/V Spectral Ratios at Siteswith Strong Lateral Heterogeneity
using Diffuse Field Theory and IBEM
MOLINA VILLEGAS, J. C., Instituto de Ingeniería, Universidad Nacional
Autónoma de México, Coyoacan, D.F, México, jcmovi@gmail.com; PERTON,
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M., Instituto de Ingeniería,UniversidadNacional Autónoma deMéxico,Coyoacan,
D.F,México,mathieu.perton@gmail.com; SÁNCHEZSESMA, F. J., Instituto de
Ingeniería, Universidad Nacional Autónoma de México, Coyoacan, D.F, México,
sesma@unam.mx

It is well known that horizontal-to-vertical H/V spectral ratios of microtremors are
useful to identify the dominant shear frequency. In some cases H/V is considered
to be either the S wave amplification or the Rayleigh wave ellipticity although there
are little theoretical basis to support these assertions.

It has been recently proposed a theory for microtremor H/V spectral ratios
based on the diffuse field assumption (Sanchez-Sesma et al., 2011). In this theory
H/V corresponds to the square root of the ratio of the sum of horizontal energy
densities with respect to the vertical one. The directional energy densities are
proportional to the imaginary parts of the corresponding components of Green’s
tensor when both source and receiver are the same point.

For horizontally layeredmedium,we can easily calculate the theoreticalGreen
function. Thus, by observingmicrotremors we can assess the underground structure
below by using the theoretical point source solution. On the other hand, for a
laterally heterogeneous structure, the horizontal responses are different. In that case,
to simulate microtremor H/V spectral ratios, a numerical approach is needed.

In this communication the 3D indirect boundary element method (IBEM)
is used to study laterally heterogeneous elastic layers over a half-space. In order to
overcome the singularity within the IBEM the reference solutions correspond to
the classical half-space problems by Lamb (1904) and Chao (1960), for normal and
tangential loads, respectively. Alternatively, for irregularities and inclusions over an
elastic half-space we can gather a set of incoming P, SV, SH and Rayleigh plane
waves that insures the illumination that corresponds to a diffuse field. With these
plane waves as excitation to 3D configurations and using IBEM to compute the
response, the autocorrelations can then be easily obtained. A large number of cases
are analyzed for which we compute the H/V in 3D settings.

Validation of Dynamic Site Soil Profile at the Central United States Seismic
Observatory, New Madrid Seismic Zone
BRENGMAN, C. M. J.,University ofKentucky,Dept. ofEarth andEnvironmental
Science, Lexington, KY, clayton.brengman@uky.edu; CARPENTER, N. S.,
University of Kentucky, Kentucky Geologic Survey, Lexington, KY, seth.
carpenter@uky.edu; WOOLERY, E. W., University of Kentucky, Dept.
of Earth and Environmental Science, Lexington, KY, ewoolery@uky.edu;
WANG, Z., University of Kentucky, Kentucky Geologic Survey, Lexington, KY,
zhenming.wang@uky.edu

Understanding near-surface site effects is a key component for reliably estimating
seismic hazard, especially at sites located on unlithified surficial materials, which
can present a significant vulnerability for engineered structures. The New Madrid
seismic zone, which lies within the northernMississippi Embayment, contains thick
(up to 1 km) sequences of unlithified sediments overlying Paleozoic bedrock. We
use waveforms from twenty far-field earthquakes withmagnitudes ranging between
2.5 and 4.7, which were recorded at the Central United States Seismic Observatory
(CUSSO), avertical seismicarray in theMississippiEmbayment, tovalidate the site’s
proposed dynamic soil model. CUSSO consists of broadband and strong-motion
sensors in the bedrock, and at various shallower depths that correspond with the
major impedance boundaries within the 585m-thick soil overburden, including
the free surface. We numerically propagate observed bedrock motions through the
CUSSO soil profile (transfer function) and compare the results, in terms of both
peak acceleration and amplitude spectra, to the recorded surface observations. The
predicted and observed surface motions are consistent for the recorded events, and
provide a preliminary validation for the dynamic site soil profile.

Infinite Wedge Revisited: Scattering of Plane Waves by Wedge Topographic
Features
MOHAMMADI, K., Georgia Tech, Atlanta, GA, kamimohamadi@gatech.edu;
ASSIMAKI, D., Georgia Tech, Atlanta, GA, dominic@gatech.edu

The scattering of seismic waves by elastic wedges has been a topic of interest
in seismology and geophysics for many decades. Analytical, semi-analytical,
experimental and numerical studies on idealized wedges have repeatedly provided
insight into the seismic behavior of continentalmargins,mountain roots and crustal
discontinuities. Published resultshaveprimarily focusedon incidentRayleighwaves,
and to a lesser extent on out-of-plane polarized body SH waves. However, there
exist very few studies on the scattering of in-plane polarized (P and SV) waves
by wedge topographic features, an idealized problem with clear connection to the
understandingandparameterizationof topographic amplificationof seismic ground
motion.Wehereuse explicit finite differences to simulate SVwavepropagation in an
infinite wedge. Setting the edge length greater than 20λ, where λ is the wavelength
of incoming wave, we create a spatiotemporal distance that adequately separates the

effect of direct incident waves reflection and transmission through wedge sides,
and diffraction by the vertex from the waves generated by spurious diffraction.
This separation overcomes the limitations of previous analytical studies, and enables
us to compute the normalized amplification factors at the vertex for a wide range
of internal angles. Our results are compared to previous experimental results, and
analytical models such as the graphical solution by Sanchez-Sesma (1990) for two
diffraction free angles of 90◦ and 120◦ .

Induced Seismicity
Oral Session ·Thursday · 8:30 AM · 1May · Room 1 Session
Chairs: IvanWong, Justin Rubinstein and Thomas Braun

Factors that Enhance the Likelihood of Fluid Injection-Induced Earthquakes
Large Enough to be Felt
MCGARR, A., USGS, Menlo Park, CA, mcgarr@usgs.gov; RUBINSTEIN, J.,
USGS, Menlo Park, CA, jrubinstein@usgs.gov

Felt earthquakes induced by fluid injection at depth typically are magnitude 2.5
and larger. Fluid injection operations that induce felt earthquakes include geologic
disposal of wastewater, development of enhanced geothermal systems (EGS), and,
on rare occasions, hydraulic fracturing.Of these three activities, wastewater disposal
predominates both in terms of volumes of injected liquid and earthquake size,
with magnitudes sometimes exceeding 5. Thus, total injected volume appears
to be an important factor in the seismic response to injection, an observation
consistent with case histories of induced earthquakes large enough to be of concern.
Similarly, injection directly into crystalline basement seems to increase significantly
the likelihoodof felt earthquakes, as evidencedby casehistories involvingwastewater
disposal and EGS. Another important factor is the presence of high-permeability
fluid pathways that can channel the injection effects on pore pressure from the
target aquifer into a fault zone, especially a fault that is well oriented for slip in the
ambient stress field. Often, these faults are only revealed by the hypocenters of the
induced earthquakes. The effect of injection rate is less straightforward. There is
some evidence that during high-injection rate EGS stimulation earthquake rates are
higher than those associatedwith lower-ratewastewater disposal.Assuming all other
factors are equal (state of stress, appropriate fault orientation, and fluid pathways)
this would suggest that the likelihood, per unit time, of a felt earthquake increases
with injection rate. Given that high-rate fluid injection is typically very brief, the
overall likelihoodof felt earthquakebeing triggeredbymuch longer operating lower-
rate wells is likely higher than at high-rate wells. The available data corroborate the
notion that the likelihood of induced earthquakes large enough to be felt is largely
independent of injection rate.

The Curious Case of the Timpson, TX Earthquakes: Natural or Delayed
Triggering?
LEIDIG, M., Weston Geophysical Corp., Houston, TX, mleidig@westongeo.
com; BONNER, J. L., Weston Geophysical Corp., Lufkin, TX

In May 2012, residents of the small East Texas town of Timpson began feeling
earthquakes. Homes and businesses have been damaged by several events with the
largest being an M=4.8. Although a nearby E-W trending fault system is mapped,
this region of the U.S. is generally considered aseismic. Weston Geophysical Corp.,
theUSGS, andStephenF.AustinStateUniversity installed local seismicnetworks to
monitor and better define the earthquake activity. Approximately 100 earthquakes
had been detected through 2013. Additional smaller earthquakes likely occurred
prior to the installation of the seismic networks. We have located the events in two
main clusters south of the town of Timpson. The event epicenters indicate a linear
trend that likely images a NW-SE trending fault.

As a by-product of the hydraulic fracturing and natural gas production that
has increased significantlynearTimpson since2006, large volumesof brinewater are
produced and require disposal. Twowastewater disposal wells began operation near
Timpson, TX in 2006 and a third in 2009. Total injection volumes have decreased
steadily since apeak inearly2008.Theepicenters for theTimpsonevents lie between
the two primary wastewater injection wells. In verified cases of triggered seismicity
from wastewater injection, the earthquakes often start within weeks or months of
high-volume injection onset. If the Timpson earthquakes are being triggered by
wastewater injection from nearby wells, an important question is why events were
not detected or felt during the peak years of wastewater injection.

Trying to Discriminate Triggered from Natural Seismicity: Three Case Studies
from Northern Italy
BRAUN, T., INGV Seismological Observatory, Arezzo, Italy, thomas.braun@
ingv.it; CESCA, S., GFZ German Research Centre For Geosciences, Potsdam,
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Germany, simone.cesca@gfz-potsdam.de; DAHM, T., GFZ German Research
Centre For Geosciences, Potsdam, Germany, torsten.dahm@gfz-potsdam.de;
*) Institute of Earth and Environmental Sciences, University of Potsdam, Golm,
Germany

Human operations near seismogenic areas rise always the question, whether they are
involved in triggering local seismicity. In Central andNorthern Italy anthropogenic
activity like oil and gas extraction, waterlevel changes of impoundment basins and
production of geothermal energy are recent examples.

We present the analysis of microseismicity observed after the rupture of the
fill crest of a huge barrier lake and close to the production area of CO2. A third
case study treats the two damaging earthquakes with magnitudes Mw 6.0 and 5.8
that struck the Emilia-Romagna region in the sedimentary Po Plain, on May 20th
and 29th 2012. The shallow hypocentral depth (6 10 km) led to severe damage
and substantial impact to the local economy, and 24 fatalities were reported. The
foredeep basin in Northern Italy is bordered by two active thrust and fold belts, the
Apennines and Southern Alps, and convergence between them is accommodated
by buried outer thrust fronts in the Po Plain. The Emilia 2012 earthquakes, which
occurred on these buried faults, were therefore considered to be caused by tectonic
processes.

In the closer area to the Emilia events, at least one oil/gas field (Cavone) was
exploited since 1980. Besides, small amounts of wastewater are reinjected through
one of the boreholes. This raised recently concernswhether these earthquakes could
have been influenced by reservoir depletion from former exploitation.

We apply a novel probabilistic discriminationmethod to assess the probability
that the earthquakes were human triggered or possibly induced. The depletion-
induced stress perturbation is modeled by means of boundary element method
adapted for the nuclei of strain approach. Human- and tectonic-induced stress rates
are compared using a rate and state frictional nucleation model to assess relative
earthquake probabilities, a method previously tested with depletion-triggered
earthquakes in the North Sea and the Northern German basin.

The Azle, Texas, Earthquake Sequence of 2013 2014: Induced or Natural?
ELLSWORTH,W. L., U. S. Geological Survey, Menlo Park, CA, ellsworth@
usgs.gov; BENZ, H. M., U. S. Geological Survey, Golden, CO; CAIN, C.,
Department of Earth Sciences, Southern Methodist University, Dallas, TX;
DESHON, H. R., Department of Earth Sciences, Southern Methodist University,
Dallas, TX; HAYWARD, C., Department of Earth Sciences, Southern Methodist
University, Dallas, TX; LUETGERT, J. H., U. S. Geological Survey, Menlo Park,
CA; QUITORIANO, V., U. S. Geological Survey, Golden, CO; STUMP, B.,
DepartmentofEarthSciences, SouthernMethodistUniversity,Dallas,TX;WALD,
D. J., U. S. Geological Survey, Golden, CO

In early November, 2013 a sequence of locally felt earthquakes began in north-
central Texas near the city of Azle, approximately 30 km northwest of Fort Worth.
The sequence included eight with magnitudes 3 by the end of 2013. These are
the first earthquakes to be instrumentally detected in the area since at least 1973.
Epicenters determined by the NEIC span an area 25 km in dimension, although
waveform similarity suggests a more compact source region. Geocoded intensity
values from area residents reported to the ‘Did-You-Feel-It?’ website concentrated
in a limited area north of Azle. Five NetQuakes seismographs were deployed in
mid-December to more accurately determine the location of the earthquakes. The
improved locations pinpoint the epicentral region to lie about 8 km north of Azle.
Focal depths range between 4 and 6 km, placing the earthquakes in the shallow
basement. Based upon these results, we were able to revise the locations obtained
for the earthquakes reported by NEIC that occurred before the local network was
installed. Using differential travel times at stations located 100 300 km from the
activity all of the previously scattered epicenters now fall in the same limited area as
the locally recorded events. The sudden onset of the seismicity and its persistence
in an area without previous activity raises the question of whether they are natural
or induced. There are many producing gas wells within a few km of the earthquakes
in this portion of the Barnett Shale Play. Most were drilled years before the activity
began and there were no hydraulic fracturing operations in progress at the time
the earthquakes occurred. The Texas Rail Road Commission data base lists several
active disposal wells within several km of the earthquakes, including one that had
injected 6 million m3 since 2009, located within 2 3 km of the epicenters. As of
this writing it is not known if there is a connection between thewaste water disposal
and the earthquakes.

Characterization of an Earthquake Sequence Triggered by Hydraulic
Fracturing in Harrison County, Ohio
FRIBERG, P. A., ISTI, New Paltz, NY, p.friberg@isti.com; BESANA-
OSTMAN, G. M., Ohio Dept. Nat. Resources, Div. of Oil and Gas Resources
Mgmt., Columbus, OH, Glenda.Besana-Ostman@dnr.state.oh.us; DRICKER,
I., ISTI, New Paltz, NY, i.dricker@isti.com

OnOct 2, 2013, OhioSeis and the IRIS Transportable Array (TA) stations inOhio
detected a sequence of 6 earthquakes, two as large as Mw 2.0. These events, located
in Harrison County Ohio, near Clendening Lake, were followed by 4 positive
(Mw 1.7 2.2) magnitude events from Oct 3 to Oct 19. A total of 10 earthquakes
were located in a region where no prior seismicity was observed. HypoDD was
used with cross correlation to invert for double difference locations resulting in
a linear E-W trending cluster located ∼800m to the West of 3 wells undergoing
hydraulic fracturing at the time. To find lower magnitude events, a master event
cross correlation technique was used to detect similar signals on the closest TA
station (O53A ∼4km away). Using one Mw 2.0 event on Oct 2 as the template
event, 298 matching signals were found (with X-corr coeff > 0.85) as far back
as Sept 8. The same technique was applied back to Dec 2012 but revealed no
other matches. During this sequence, hydraulic fracturing was performed from
Sept 7 to Oct 6 on 3 wells 4.0 km SW of O53A. Using the same technique,
an additional 190 earthquakes were observed between Oct 2 and Dec 13, 2013.
Moment magnitudes for all signal detections were determined using scaling to
the template event and ranged from −0.77 to 2.2 with a G-R b-value for the
earthquakes of 0.88±0.08. To improve event location,ODNR-DOGRMdeployed
a seismic array with 4 short-period stations in lateOct. UsingHypoDDon the array
data, a cluster of 30 seismic events that occur betweenNov 2 andDec 13, 2013were
locatedbelowthe3wells anddefinedavertical plane strikingN92.Acomposite focal
mechanismusing 5 of the best-located events resolved anEast-West trending vertical
focal plane (striking N97), matching the earthquake distribution. Thus, based
on temporal and spatial occurrence of the above microseismicity, the concurrent
hydraulic fracture operation above it most probably activated a preexisting fault in
the area.

Triggered Earthquakes Far From the Wellbore: Fluid Pressure Migration and
the 2008 2014 Jones Swarm, Central Oklahoma
KERANEN, K. M., Cornell University, Ithaca, NY, keranen@cornell.edu;
WEINGARTEN, M., University of Colorado, Boulder, CO, matthew.
weingarten@gmail.com; BEKINS, B., USGS, Menlo Park, CA, babekins@
usgs.gov; GE, S., University of Colorado, Boulder, CO, Ges@colorado.edu;
ABERS, G. A., Lamont-Doherty Earth Observatory, Palisades, NY, abers@
ldeo.columbia.edu

Earthquake relocations andhydrogeologicmodeling showthat the Jones earthquake
swarm,occurringnearOklahomaCity since2008, is linkedtodisposalwells injecting
high volumes of water along the Nemaha Fault. Felt and recorded earthquakes in
the Jones swarm began in 2008, approximately 15 km from four high-volume
wastewater disposal wells. These wells dispose of∼2 3 million barrels per month
(4 5 million barrels per month cumulatively) in two adjacent locations on the
downthrown side of the Nemaha fault. Earthquakes are observed to migrate
away from these high-volume disposal wells up the structural dip and down
hydraulic gradient. Hydrogeologic modeling shows that the increase in subsurface
pore pressure resulting from the fluid injection is of sufficient magnitude to
trigger slip on pre-existing faults. The region of increased pore pressure grows
outward through time with injection. The larger, mapped faults in the subsurface
may act as conduits or guides to fluid flow, and may transmit fluid pressure
into basement. Our results demonstrate that wastewater disposal can raise fluid
pressure and trigger earthquakes at tens of kilometers from the wellbore on existing
faults.

Potential Case of Induced Seismicity from a Water Disposal Well in South-
Central Oklahoma
HOLLAND, A. A., Oklahoma Geological Survey, Univ. of Oklahoma, Norman,
OK, austin.holland@ou.edu

OnSeptember 17, 2013, a swarmof earthquakes began in LoveCounty,Oklahoma,
north of Marietta. These earthquakes began occurring about two weeks after
injectionbeganatanearbydisposalwell.The largest earthquakewasamagnitude3.4,
which did minor damage to structures in the epicentral area and had a maximum
Modified Mercalli Intensity of VII. Local residents consistently feel magnitude
1.8 earthquakes. The earthquakes are occurring at shallow depths consistent with
injection depths of the nearby disposal well. The sequence included 22 earthquakes
of magnitude 2.0 or greater with more than 100 earthquakes identified during the
periodwhich injection occurred. Regional seismic stations provide poor coverage of
the earthquakes, in part due to the shallow focal depths. A temporary network of six
seismic stationswas deployed in the area.This network greatly enhanced earthquake
locations and dramatically improved the magnitude of completeness. Earthquakes
continued after injection ceased but at a lower frequency and smaller magnitudes
with only one felt earthquake. This area has seen similar shallow earthquake swarms
in the past. It is important to address whether or not this swarm of earthquakes is
caused by fluid injection at the nearby disposal or simply an unlikely coincidence.
Techniques used to improve event identification and locations of the earthquakes
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are presented. A statistical method to quantitatively address seismicity changes is
adopted and implemented in a monitoring system, in the event injection resumes
in the disposal well or in a nearby well that was recently completed. The operator
of the disposal well is currently restricted on injection rates and volumes and has
ceased operations, if injection resumes the results of the statistical monitoring and
traffic light system will be presented.

Constraints on Recent Earthquake Source Parameters, Fault Geometry and
Aftershock Characteristics in Oklahoma
MCNAMARA, D. E., USGSNEIC, Golden, CO,mcnamara@usgs.gov; BENZ,
H.M.,USGSNEIC,Golden,CO,benz@usgs.gov;HERRMANN,R.B.,Dept. of
Earth andAtmospheric Sciences, St. LouisUniversity, St. Louis,MO;BERGMAN,
E. A., Global Seismological Services, Golden, CO

Since late 2009 a dramatic increase in seismicity has occurred in Oklahoma. The
largest of these earthquakes was a series of three moderate, but damaging, events
(Mw4.8, 5.6, 4.8) that occurred over a span of four days inNovember 2011 near the
towns of Sparks and Prague in central Oklahoma. Initial reports suggest that these
earthquakes were induced by reactivation of the Wilzetta fault due to the disposal
of waste water from hydraulic fracturing (‘fracking’), a process used to extract oil
and gas from established producing wells. TheWilzetta fault is a northeast trending
vertical strike-slip fault that is well known structural trap for the production of oil
and gas. Since theNovember 2011 sequence, hundreds ofmoderate-sized (M2-M3)
earthquakes have occurred throughout Oklahoma, located near the town of Jones
in north-central Oklahoma. The relationship among the recent earthquakes, waste
water injection, and older structures is still not well understood.

Given the infrequent occurrence of damaging earthquakes in the central
U.S., characterizing the recent Oklahoma earthquakes offers a rare opportunity to
improve our understanding of earthquake hazard in this populous region as well as
the relationship towastewater injection.We report on the earthquake sequence that
began inNovember2011andonrelatedaftershock sequences and subsequent events
in the region.Modeling from this study allows us to constrain the detailed geometry
of the reactivated Wilzetta fault, as well as source parameters (focal mechanisms,
stress drop, rupture length) for the larger earthquakes. Preliminary results from the
November 2011 Prague sequence suggest that subsurface rupture lengths of the
largest earthquakes are anomalously long with very low stress drop.We also observe
very highQ (∼1000 at 1Hz) that explains the large felt areas and we find relatively
low b-value and a rapid decay of aftershocks.

The 2013 Seismic Sequence Close to the Gas Injection Platform of the Castor
Project, Offshore Spain
CESCA, S., GFZ German Research Center for Geosciences, Potsdam.
Germany, simone.cesca@gfz-potsdam.de; GRIGOLI, F., University of Potsdam,
Potsdam, Germany, francesco.grigoli@geo.uni-potsdam.de; HEIMANN, S.,
GFZ German Research Center for Geosciences, Potsdam, Germany, sebastian.
heimann@gfz-potsdam.de; GONZALEZ, A., University of Zaragoza, Zaragoza,
Spain, alvaro.gonzalez@unizar.es; MAGHSOUDI, S., University of Potsdam,
Potsdam, Germany,maghsoudi@geo.uni-potsdam.de; BUFORN, E., University
Complutense of Madrid, Madrid, Spain, ebufornp@fis.ucm.es; BLANCH, E.,
Ebro Observatory, Roquetes, Spain, eblanch@obsebre.es; DAHM, T., GFZ
GermanResearchCenter forGeosciences,Potsdam,Germany, torsten.dahm@gfz-
potsdam.de

A spatially localized seismic sequence has originated few tens of kilometres offshore
theMediterranean coast of Spain, starting on September 5, 2013, and lasting at least
until October 2013. The sequence culminated in a maximal moment magnitude
Mw 4.3 earthquake, on October 1, 2013. The epicentral region is located near the
offshore platform of the Castor project, where gas is conducted through a pipeline
frommainland andwhere itwas recently injected in a depleted oil reservoir, at about
2 km depth.We analyse the temporal evolution of the seismic sequence and use full
waveform techniques to derive absolute and relative locations, estimate depths and
focalmechanisms for the largest events in the sequence (withmagnitudembLg larger
than3), andcompare themtoaprevious event (April 8, 2012,mbLg3.3) takingplace
in the same region prior to the gas injection. Moment tensor inversion results show
that the overall seismicity in this sequence is characterized by oblique mechanisms
with anormal fault component,with a30◦ low-dip angle planeorientedNNE-SSW
and a sub- vertical plane oriented NW-SE. The combined analysis of hypocentral
location and focalmechanisms could indicate that the seismic sequence corresponds
to rupture processes along sub- horizontal shallow surfaces, which could have been
triggered by the gas injection in the reservoir. An alternative scenario includes the
iterated triggering of a systemof steep faults orientedNW-SE,whichwere identified
by priormarine seismics investigations.Themost relevant seismogenic feature in the
area is the Fosa de Amposta fault system, which includes different strands mapped
at different distances to the coast, with a general NE-SW orientation, roughly
parallel to the coastline.No significant known historical seismicity has involved this

fault system in the past. Both of our scenarios exclude its activation, as its known
orientation is inconsistent with the focal mechanism results.

SeismicResponse toPowerProductionat theCosoandSaltonSeaGeothermal
Fields, South-EasternCA:UsingOperationalParametersandRelocatedEvents
to Study Anthropogenic Seismicity Rates and Reservoir Scale Tectonic
Structure
LAJOIE, L. J., Fugro Consultants, Inc., Lakewood, Colorado, llajoie@fugro.com;
OCONNELL, D. R. H., Fugro Consultants, Inc., Lakewood, Colorado, d.
oconnell@fugro.com; BRODSKY, E. E., University of California, Santa Cruz,
Santa Cruz, CA, brodsky@pmc.ucsc.edu; CREED, R. J., Fugro Consultants, Inc.,
Lakewood, CO, r.creed@fugro.com

With increasing demand for geothermal power, it is important to understand
how geothermal operations interact with local (and regional) seismicity, and
to determine if seismicity rates are predictable from operational parameters.
Furthermore, geothermal injection and production strategies can be improved by
identifying, locating and characterizing related earthquakes within the tectonic
related background seismicity. We focus specifically on the Coso and Salton Sea
geothermal fields in California. Local seismicity is statistically declustered into
background and aftershock rates, and we demonstrate that the background rate
(at both fields) can be approximated during many time intervals at the 90% +
confidence level by a linear combination of injection volume and the net extracted
volume. We also use relative relocations and focal mechanisms from Yang et al.
(2012) to map fault planes within the Coso geothermal field. We use Bayesian S-
wave picking of Coso borehole network microearthquake data and fully-nonlinear
3D hypocenter grid searches to obtain 18000+ well located hypocenters in the
geothermal field. Coso geothermal seismicity is not diffuse; 87% of the hypocenters
occur within 25 m of planes consistent with tectonic processes along the eastern
California shear zone. 83% associate with vertical and steeply-dipping conjugate
N-NW dextral and NE sinistral strike slip planes, 12% with on normal-slip
planes with dips of 35 70 degrees, and 5% with reverse-oblique-slip on steeply-
dipping planes. The non-diffuse nature of seismicity suggests that induced events
occur preferentially on pre-existing structures and that flow is concentrated in
fractures. With minimum horizontal stress oriented at 81 degrees, and no normal
faults, in the western part of the field, and 106 degrees and pervasive normal
faults in the eastern portion of the field, structures that are favorably oriented
in the current stress field appear to be most commonly activated by geothermal
operations.

Induced Seismicity Mechanisms at The Geysers Geothermal Field from the
Analysis of Stress Field Variations Related to Fluid Injection
MARTÍNEZ-GARZÓN, P., GFZ German Research Centre for Geosciences,
Potsdam, Germany, patricia@gfz-potsdam.de; KWIATEK, G., GFZ German
Research Centre for Geosciences, Potsdam, Germany, kwiatek@gfz-potsdam.de;
BOHNHOFF, M., GFZ German Research Centre for Geosciences, Potsdam,
Germany, bohnhoff@gfz-potsdam.de; DRESEN, G., GFZ German Research
Centre for Geosciences, Potsdam, Germany, dre@gfz-potsdam.de; HARTLINE,
C., Calpine Corporation, Middletown, CA, Craig.Hartline@calpine.com

We investigated spatial, kinematical and magnitude characteristics of induced
seismic events occurring during different fluid-injection stages to determine the
potentially predominantmechanism of induced seismicity.We analyzed a relocated
hypocenter catalog fromaparticular seismicity cluster in the northwestTheGeysers
geothermal field. Here, significant temporal variations of the stress field orientation
related to peak-flow rates of fluid injected were detected. This observation has been
further interpreted as an effect of increase in pore pressure and horizontal stress
magnitudes at reservoir depth. Short-term temporal increases in the relative stress
magnitude during peak-injection support this interpretation.

The improved resolution within the relocated seismic event cloud allows
identifying several spatio-temporal features. We find that seismic events during
peak-injections occur at greater distances from the injection point towards the
north-east, i.e. parallel to the maximum horizontal stress. In contrast, during lower
injection rates the seismicity migrates dominantly to the south.

Most of the events present normal faulting kinematics.However, during peak-
injections the number of thrust and/or strike-slip events increases suggesting the
increase in stress state at the reservoir. These events occur further away from thewell
than the normal-faulting events. Also, during peak-injection times, the cumulative
seismic moment released by thrust/strike slip events is increasing compared to
that of normal faulting events. The b values during peak injection periods also
decrease.

Our results suggest that prior to peak-injection periods, the seismicity of the
cluster is connected with the thermal fracturing of the reservoir rock. However,
during peak injections, the limited pore pressure increasemay play a significant role,
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even though pore pressure remains relatively low since the water is not pumped
under high pressure but free falls down the borehole.

Geomechanical Reservoir Characterization Using Induced Seismicity and
State-of-The-Art Waveform Processing Techniques
KWIATEK, G., GFZ German Research Centre for Geosciences, Potsdam,
Germany, kwiatek@gfz-potsdam.de; BOHNHOFF, M., GFZ German Research
Centre for Geosciences, Potsdam, Germany, bohnhoff@gfz-potsdam.de;
MARTÍNEZ-GARZÓN, P., GFZ German Research Centre for Geosciences,
Potsdam, Germany, patricia@gfz-potsdam.de; BULUT, F., GFZ German
Research Centre for Geosciences, Potsdam, Germany, bulut@gfz-potsdam.de;
DRESEN, G., GFZGerman Research Centre for Geosciences, Potsdam, Germany,
dre@gfz-potsdam.de

In this study we present the application of three waveform processing techniques
to investigate physical processes in reservoirs related to fluid injection operations
performed at Berlin and The Geysers geothermal fields. An initial hypocenter
catalog of 581 fluid-induced seismic events recorded at the Berlin geothermal field
was significantly revised and refined using double-difference relocation and spectral
ratio methods. The average resolution within the seismic cloud was improved by
a factor of 15. The application of the spectral ratio technique effectively cancelled
path effects resulting in improved source parameters for the seismic events. The
refined catalog allowed for a detailed analysis of spatio-temporal evolution of the
seismicity related to fluid injection initially not visible due to limited resolution:
We find a clear clustering of events around the injection intervals and in areas of
high conductivity, observe a migration of the seismicity away from the injection
interval with increasing injection rates and along pre-existing faults, detect larger
seismic events in undamaged parts of the faults and in areaswith a high conductivity
gradient. We also find that the static stress drop of seismic events is decreasing with
distance from the injection point. The stress inversion technique was applied to a
seismicity cluster in the NW part of The Geysers geothermal field in California
in order to demonstrate how this technique can contribute to the monitoring
of reservoir-geomechanical processes occurring in response to short-term fluid-
injection. The analyzed cluster composed of 742 events with fault plane solutions
was used to look for time-dependent stress changes. We observed significant
rotations of the stress field orientation directly related to increasing flow rates during
peak-fluid injection. Moreover, these stress rotations are reversible documenting
that stress field orientation might serve as an additional parameter for reservoir
monitoring.

Moment Tensor Dynamics of Hydraulic Fracturing in Hydrocarbon Reservoirs
BAIG, A. M., ESG Canada Inc., Kingston, ON, Canada, adam.baig@
esgsolutions.com; URBANCIC, T. I., ESG Canada Inc., Kingston, ON, Canada,
urbancic@esg.ca

Hydraulic fracturing of shale and tight sand reservoirs is employed to stimulate
hydrocarbon reservoirs by pumping fluid and particulate matter through the
targeted formations, either by creating new fractures or stimulating the pre-
existing natural fracture network. This process is normally seismogenic, generating
microseismicity (usually < M0) that is either responding to the pore pressure
perturbations as a shear-tensile failure, to the Coulomb stress perturbation of
the injection, or some combination of these two end-members. Microseismic
monitoring, though borehole-deployed tool strings of omni-directional geophones,
allows for delineation of the associated seismicity, revealing the zone of influence of
the fracturing and with a number of assumptions, the volume of hydrocarbon that
can be recovered after stimulation. In order to reduce the number of assumptions
necessary to translate the seismicity into a measure of stimulated volume, the
mechanisms of themicroseismicity can be determined in cases where thewaveforms
areobservedfromasufficientangulardistribution.Withdownhole instrumentation,
this condition translates to high-quality waveforms being observed from arrays
deployed in multiple wellbores around the injection. The pattern of mechanisms
associated with these hydraulic fractures begins to reveal the underlying dynamics:
as fluid is pumped into formation, events grow out from the treatment zone; the
addition of proppant can trigger a change in the dynamics and generate ‘breakout’
events that are initially relatively isolated away from the cloud of seismicity around
the treatment well, occurring hundreds of meters away and dominated by shear
or shear-tensile mechanisms; as the treatment continues, events backfill the gap
between the breakout and initial seismicity, with opening dominant mechanisms.
We will illustrate this behaviour through case studies in shale and tight sandstone
formations.

Seismic Hazard and Ground Motion Implications of Induced Seismicity
ATKINSON, G. M., Western University, London, ON, Canada, gmatkinson@
aol.com

Induced seismicity poses a significant and as-yet-unquantified risk to the integrity
of critical structures, such as major dams, as new unconventional energy activities
(including hydraulic fracture treatments and wastewater disposal) are currently
being planned and/or conducted in close proximity (within 10 km). The addition
of a new seismicity source, such as a disposal well, fundamentally alters the
seismic hazard at nearby sites. The additional hazard from the induced seismicity
source may overwhelm the natural hazard, particularly at the low-probability levels
of interest to critical structures. The impact is greatest in regions of low-to-
moderate seismicity, for which existing facilities were designed with the implicit
understanding that expected ground motions are modest. The impact is further
exacerbated by the shallow depth of the induced events, which may result in large
ground-motion amplitudes being generated from moderate events at very close
distances.

This presentation overviews the ground-motion and hazard issues associated
with the addition of an induced seismicity source in close proximity to a site, in a
low-seismicity region. I show that IF an induced seismicity sequence is initiated,
then its contribution to hazard will greatly exceed that from the pre-existing natural
hazard. This arises due to the very close proximity of the source to the site, and the
fact that the backgroundhazard is low.Therefore, it is crucial to assess the likelihood
and rate parameters of the potential induced seismicity sequence; this would allow
us to multiply the hazard parameters for the induced-seismicity source by the
appropriate conditional likelihood parameters, and obtain a reasonable estimate of
the added hazard. Characterizing the hazard contributions of induced seismicity
sequences, for operations that have not yet been initiated, is a complex problem
that will provide a grand challenge in engineering seismology over the coming
decade.

Quantifying the Seismic Hazard From Natural and Induced Earthquakes
RUBINSTEIN, J. L., USGS, Menlo Park, CA, jrubinstein@usgs.gov; LLENOS,
A., USGS, Menlo Park, CA, allenos@usgs.gov; ELLSWORTH, W. L., USGS,
Menlo Park, CA, ellsworth@usgs.gov; MCGARR, A., USGS, Menlo Park, CA,
mcgarr@usgs.gov;MICHAEL,A.,USGS,Menlo Park,CA,michael@usgs.gov;
MUELLER, C., USGS, Golden, CO, cmueller@usgs.gov; PETERSEN, M.,
USGS, Golden, CO,mpetersen@usgs.gov

Induced earthquakes are believed to be at least partially responsible for the dramatic
increase in seismicity in the Central and Eastern US over the past 12 years, yet they
are presently excluded fromUSGS estimates of earthquake hazard.Herewe propose
an approach to include potentially induced earthquakes into the USGS National
SeismicHazardMap that deemphasizes the need to evaluate whether the seismicity
is natural or man-made.

We first compile a list of areas of increased seismicity, including areas of known
induced earthquakes. Using areas of increased seismicity (instead of just induced
earthquakes) allows us to assess the hazard over a broader region, avoiding the
often-difficult task of judging whether an earthquake sequence is induced.

We then estimate the earthquake hazard for each zone using a four-branch
logic tree: (1) The increased seismicity rate represents short-term variation within a
longer-term background seismicity rate. Thus, these earthquakes would be included
in the background seismicity rate catalog. (2) The increased seismicity rate is a
new and permanent addition to the background seismicity. Thus, the background
seismicity rate is computed beginning at the time of the earthquake rate change
(3) Induced earthquakes are responsible for the increased earthquake rate and
they should be accounted for separately. This branch would compute different
magnitude-frequency distributions for both kinds of events. The hazard from both
would then be summed (4) The increased seismicity rate will decay back to the
background seismicity rate. This could be applied to natural earthquake swarms or
areas where industrial activity has stopped.

Based on the understanding of an individual earthquake sequence, one could
weight these logic tree branches as appropriate. Although an imperfect solution,
this approach is a first step in accounting for the contribution of both induced
earthquakes and variations in natural earthquake rates to seismic hazard.

Managing Seismic Hazard Due to Induced Earthquakes in Central Arkansas
through Partnership between Scientific and Regulatory Agencies
HORTON, S. P., CERI, University of Memphis, Memphis, TN, shorton@
memphis.edu; AUSBROOKS, S. M., Arkansas Geological Survey, Little Rock,
AR, scott.ausbrooks@arkansas.gov; WITHERS, M. M., CERI, University of
Memphis, Memphis, TN, mwithers@memphis.edu; OGWARI, P. O., CERI,
University of Memphis, Memphis, TN, opogwari@memphis.edu

Since the first fluid-waste disposal well associated with the Fayetteville Shale gas
play became operational inApril 2009, central Arkansas has experienced an increase
in the rate of small and moderate earthquakes. Seismic activity in the area includes
both naturally occurring and induced earthquakes that tend to happen in spatial
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and temporal clusters. The Center for Earthquake Research and Information and
theArkansas Geological Survey closelymonitor the area using 5 portable, real-time,
broad-band stations (in addition to permanent and transportable array stations)
to focus on specific sites of suspected induced seismicity. We communicate any
concerns directly to the agency charged with regulating Underground Injection
Control (UIC) wells in the state, the Arkansas Oil andGas Commission (AOGC).
The largest andmost significant cluster of induced earthquakes in this area occurred
between August 2010 and July 2011 where a previously unknown fault, the Guy-
Greenbrier fault (∼13km long), was illuminated by thousands of earthquakes
(M≤ 4.7). Since a 13km long fault can potentially produce a M6 earthquake if it
slips as a single event,we informed theAOGCthat continued fluid injection atUIC
wells incloseproximity to the fault riskedcausingapotentiallydamagingearthquake.
FournearbyUICwellswere shutdownandplugged. Earthquake activity on the fault
dropped dramatically and soon essentially ceased, thus providing strong evidence
that the earthquakes had indeed been induced. The fault remains seismically quiet
after three years. The AOGC also established a moratorium area to exclude UIC
wells in the area surrounding the fault. Induced earthquakes still occur in proximity
to someUICwells outside themoratorium area, but earthquake rates have been low
and earthquake magnitudes have been less than 3.5. This provides a good example
that human influence can both increase and decrease the induced earthquake
hazard.

Protocol and Best Practices for Addressing Induced Seismicity Associated
With Enhanced Geothermal Systems (EGS)
MAJER, E., Lawrence Berkeley National Laboratory, Berkeley, CA; NELSON, J.,
WilsonIhrig&Associates,Emeryville,CA;ROBERTSON-TAIT,A.,GeothermEx,
Inc., Richmond, CA; SAVY, J., Savy Risk Consulting, Oakland, CA; WONG, I.,
URS Corporation, Oakland, CA, ivan.wong@urs.com

To address public concern and gain acceptance from the general public and
policymakers for the development of Enhanced Geothermal Systems (EGS), the
U.S. Department of Energy (DOE) sponsored the development of a Protocol
and Best Practices document to address induced seismicity. The purpose of the
documents is to provide guidance toboth industry and regulators onhow to identify
the important issues and necessary parameters for the evaluation, estimation, and
mitigation of possible adverse effects associated with induced seismicity in EGS
projects. The documents provide a set of general procedures and specific useful steps
that geothermal project proponents can take to understand, quantify and manage
the risk associated with induced seismicity. The procedures are not prescriptive,
but instead recommend approaches to engage public officials, industry, regulators
and the public at large, with the goal of facilitating the project approval process,
avoiding delays and promoting safety. Seven basic steps are outlined in the Protocol
and the Best Practices describes the approaches used in those steps in detail. They
are: 1) perform preliminary screening evaluation; 2) implement an outreach and
communication program; 3) review and select criteria for ground vibration and
noise; 4) establish local seismic monitoring; 5) quantify the hazard from natural
and induced seismic events; 6) characterize the risk of induced seismic events;
and 7) develop a risk-based mitigation plan. The over-arching purpose of both
documents is to provide a framework in which to evaluate, estimate and mitigate
the risk associated with induced seismicity in EGS projects. Due in large part to
the increased attention to induced seismicity caused by hydraulic fracturing and
disposal of the resulting wastewater by injection, the Protocol and Best Practices are
now being used by the oil and gas industry and its regulators to formulate strategies
for mitigating the associated risks.

Large andDamaging Earthquakes of 2013/2014
Oral Session ·Thursday · 8:30 AM · 1May · Room 2 Session
Chairs: Gavin Hayes, Thorne Lay, Harley Benz and
Charles Ammon

From Simple to Complex: Source Properties of Some Recent Large
Earthquakes Using Seismic and Geodetic Data
HAYES, G. P., USGS NEIC, Golden, CO, ghayes@usgs.gov; BARNHART,
W. D., USGS NEIC, Golden, CO, wbarnhart@usgs.gov; BENZ, H. M.,
USGS NEIC, Golden, CO, benz@usgs.gov; BRIGGS, R. W., USGS GHSC,
Golden, CO, rbriggs@usgs.gov; GOLD, R. D., USGS GHSC, Golden, CO,
rgold@usgs.gov

Wepresent results fromstudiesof recent significant earthquakes, including theSanta
Cruz Islands (Mw 8.0, Feb, 2013), Khash, Iran (Mw 7.7, Apr. 2013), and Awaran,
Pakistan (Mw 7.7, Sep. 2013) events. We integrate moment tensor inversions,

teleseismic fault modeling, geodetic observations, aftershock studies and regional
tectonics to place these earthquakes into a broad seismotectonic framework.

We find that the Santa Cruz Islands earthquake generated a vigorous
aftershock sequence, producingmore than twice asmany large strike slip aftershocks
as previously observed in any megathrust sequence. Detailed finite fault analyses
and stress transfer modeling also show this event likely triggered an episode of
aseismic slip on the adjacent subduction zone interface over the two days following
the mainshock.

For the Khash earthquake, we combine seismic and geodetic slip models.
Together with waveform depthmodeling, we show this event initiated at a depth of
80+ km and ruptured a vertical width of 50 km, half of the subducted oceanic
lithosphere. We hypothesize that the Khash earthquake likely occurred as the
combined result of dehydration embrittlement and slab bending stresses acting
on a preexisting fault formed prior to subduction.

For theAwaranearthquake,weuseanalysisofoptical imagery todefinea200+
km long rupture along an arcuate fault system. Combined with detailed surface
rupturemapping fromhigh-resolution optical imagery, andmulti-strand finite fault
inversions of geodetic and teleseismic data, these results reveal a relatively simple
and continuous rupture, with slip occurring at shallow depths (<7 8 km) over
the entire rupture length. Higher resolution imagery reveals small-scale complexity
to the rupture, however, including regions of oblique-slip and distributed surface
faulting. Together, these studies highlight the advances in understanding made
possible by considering multiple independent observations of earthquake rupture.

Coulomb Stress Changes Resulting from the Mw 7.7 2012 Haida Gwaii
Earthquake
HOBBS, T. E., University of Victoria, Victoria, BC, Canada, tiegan.hobbs@
gmail.com; BRILLON, C., Geological Survey of Canada (Pacific), Sidney, BC,
Canada, camille.brillon@nrcan-rncan.gc.ca; CASSIDY, J. F., Geological Survey
of Canada (Pacific), Sidney, BC, Canada, John.Cassidy@nrcan-rncan.gc.ca;
DRAGERT, H., Geological Survey of Canada (Pacific), Sidney, BC, Canada,
herb.dragert@nrcan-rncan.gc.ca; DOSSO, S. E., University of Victoria, Victoria,
BC, Canada, sdosso@uvic.ca

This study examines spatial changes to the local stress field resulting from the
October 28, 2012, Mw 7.7 Haida Gwaii earthquake, which occurred west of
Moresby Island off the coast of British Columbia. This event is thought to have
occurred on aNE-dipping, blind thrust fault rather than on the sub-vertical Queen
Charlotte Fault that represents the Pacific North American plate boundary. This
was the largest earthquake along the Canadian portion of this plate boundary since
the 1949Ms 8.1 Queen Charlotte earthquake.

TheUSGS software ‘Coulomb’ is used to quantitatively estimate the effect of
the mainshock on the background stress field, the known aftershock nodal planes,
and the nearby Queen Charlotte Fault.We use two different mainshock finite fault
models, both of which are seismologically-derived (by Lay and Hayes, separately)
and subsequently adapted by K. Wang to account for the motion detected at four
nearbyGPSstations.Wealsouse thebest-located setof aftershockswith information
provided by a temporary array of ocean bottom seismometers. Preliminary results
indicate an apparent clustering of aftershocks slightly seaward of the main thrust,
which is consistent with themodeled zone of promoted normal failure likely related
to extension in the footwall. Using existingmodels, we have found a high number of
aftershocks to be consistent with triggering by the mainshock, suggesting that static
stress is a dominant control in the months following a large earthquake in this area.

Additionally, we find loading, greater than the threshold for triggering, on
the Queen Charlotte Fault in an area believed to be within a seismic gap. This
work provides an improved understanding of the evolving seismic hazard along the
Queen Charlotte margin, while simultaneously testing the usefulness of Coulomb
modeling in this environment.

Investigating Dynamic Interactions Between the October 2012 Haida Gwaii
and January 2013 Craig Earthquakes
WALTER, J. I., University of Texas Institute for Geophysics, Austin, TX,
jakeiwalter@gmail.com; KAO,H., Pacific Geoscience Centre, Sidney, BC, CAN,
Honn.Kao@nrcan-rncan.gc.ca; PENG, Z., Georgia Institute of Technology,
Atlanta, GA, zpeng@gatech.edu; AIKEN, C., Georgia Institute of Technology,
Atlanta, GA, chastity.aiken@gmail.com; MENG, X., Georgia Institute of
Technology, Atlanta, GA, xmeng.gatech@gmail.com; ZIMMERMAN, J., Texas
A&MCommerce, Commerce, TX, jzimmerman990@gmail.com

The Mw 7.8 (28 October 2012) Haida Gwaii earthquake and the Mw 7.5 (5
January 2013) Craig, Alaska earthquake occurred just 400 km and 68 days apart
from each other. The short duration and distance between the events poses the
question of whether these two events are related. We combine existing data
from networks in Alaska and Canada, including a temporary network installed
in the Haida Gwaii islands, to search for precursory activity prior to each
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of the events. In order to improve the catalog completeness compared to the
Alaska Earthquake Information Center (AEIC) and Canadian National Seismic
Network (CNSN) catalogs, we utilize a ‘matched’-filter technique to identify
potential missing earthquakes before and after each mainshock. This technique
utilizes existing cataloged waveforms as templates to identify new events in the
continuous recordings.We examine the seismic activity prior to and following each
event to determine whether any dynamic or delayed triggering of earthquakes
or tremor occurs regionally due to these earthquakes. We have preliminary
evidence that the Haida Gwaii earthquake directly triggered small earthquakes
on the Fairweather Fault. In addition, triggered tectonic tremor from the Haida
Gwaii and Craig events has already been identified on the Eastern Denali Fault
(Zimmerman et al., submitted to EPSL). Finally, in response to the Haida Gwaii
earthquake, a number of land and ocean-bottom seismometers were installed near
the epicenter ( James et al., 2013). As an assessment of the sensitivity of that
earthquake rupture zone,wewill assesswhether the later-occurringCraig earthquake
triggered any increase in aftershock activity within the Haida Gwaii region. The
static and dynamic transmission of stresses from large earthquakes has important
implications for transient fault zone loading in areas adjacent tomainshock rupture
zones.

Magnitude 7.5 Earthquake of 5 January 2013 on Queen Charlotte Fault in
Southeast Alaska
RUPPERT, N. A., Geophysical Institute, University of Alaska, Fairbanks, AK,
natasha@gi.alaska.edu; YUE, H., University of California, Santa Cruz, CA,
johnyuehan2003@gmail.com; FREYMUELLER, J. T., Geophysical Institute,
University of Alaska, Fairbanks, AK, jeff.freymueller@gi.alaska.edu

A magnitude 7.5 earthquake occurred on January 5, 2013 in southeast Alaska. It
ruptured ∼150-km long segment of the Queen Charlotte fault, a strike-slip fault
that marks the boundary between the Pacific plate to the southwest and the North
American plate to the northeast. This earthquake was located within the northern
end of the 1949 magnitude 8.1 rupture and south of the 1972 magnitude 7.6
event, i.e. it most likely filled a gap between the two earlier ruptures. A network
of real-time seismic stations in southeast Alaska and an additional real-time station
installed several days after themainshock in PortAlexander recorded the aftershock
sequence. Several continuous Plate Boundary Observatory (PBO) GPS stations in
the southeastAlaska also recorded this event. In addition, amonth-long deployment
of a smallnetworkofOceanBottomSeismometers in June2013recordedaftershock
activity.Due to the offshore location and sparse seismic network, reliable aftershock
solutionswithon-landseismicnetworkare limitedtomagnitude2.5andgreater.The
AlaskaEarthquakeCenter reported about 350 aftershocks through the end of 2013.
The largest aftershock, magnitude 5.8, occurred onemonth after themainshock. In
total, 20aftershockswithmagnitudes4orgreaterwere recorded.Aftershocksarenot
limited to themain fault strandandsomeare locatedup to40kmaway fromthemain
fault rupture. This earthquake had super-shear rupture propagation along∼100km
to the north of hypocenter. Several inversion andmodeling techniques were applied
to seismic and geodetic data to investigate rupture velocity. Both theoretical and
empirical Green’s functions were used in inversion and modeling, which indicate a
consistent super-shear rupture velocity of 5.5 to 6 km/s, higher than the crustal and
upper-mantle S-wave velocity and approaching the P-wave velocity. Post-seismic
deformation is continued to bemonitoredwith regional geodetic network operated
by the PBO.

Seismic Slip Distribution of Large Inter- and Intra- Plate Oceanic Strike-slip
Earthquakes
ADERHOLD, K., Boston University, Boston, MA, kasey@bu.edu;
ABERCROMBIE, R. E., Boston University, Boston, MA, rea@bu.edu;
ANTOLIK, M., Quantum Technology Sciences Inc., Cocoa Beach, FL

We determine the depth distribution of seismic rupture, fault orientation, and
rupture velocity of recent, large oceanic strike-slip earthquakes using teleseismic
body-waves. Oceanic strike-slip earthquakes can be used to examine how seismic
rupture is accommodated along a relatively simple thermal and compositional
fault structure. Seismic rupture in oceanic lithosphere is known to extend into
the upper mantle, but current observations are insufficient to identify the control
on depth of brittle failure and location of aseismic slip. By determining the slip
distributions of the largest well-recorded oceanic strike-slip events, we will add
further observations as evidence pointing to temperature, composition, or fault
geometry as the primarymechanism regulating seismic rupture.The focuswill be on
two study areas: the IndianOceanoff the coast of Sumatra and theScotia Sea around
the South Sandwich Islands where two MW ≥ 7 earthquakes occurred in 2013.
Sumatra represents intraplate deformation of 40 to 70 My oceanic lithosphere and
South Sandwich Islands represents primarily interplate earthquakes on transforms
offsetting lithosphere of 0 to 40 My. Deeper seismic slip is observed in the older
lithosphere of Sumatra than the shallower slip observed in the younger lithosphere

of South Sandwich Islands, consistent with temperature as the primary control on
seismogenic width. Determining the orientation of the faults ruptured in Sumatra
canhelp reconcile conflicting viewsof the existenceof recent east-west faulting in the
IndianOcean. Fault orientation and extent in the South Sandwich Islands is needed
tomap the active faults and plate boundaries of the Scotia Sea, an inaccessible region
with tectonic geometry predominantly determined from seismicity. Strike-slip
events in other tectonic settings, such as theMW 7.5 January 5, 2013, Southeastern
Alaska earthquake, will be modeled to strengthen observations.

How the 2013 Lushan Earthquake (Ms=7.0) Triggered its Aftershocks: Insights
from Static Coulomb Stress Change Calculations
ZHU, S., InstituteofCrustalDynamics,Beijing,China,zhushoubiao@gmail.com;
MIAO, M., Institute of Crustal Dynamics, Beijing, China; REN, J., Institute of
Crustal Dynamics, Beijing, China; SHI, Y., Key Lab of Computational Geodyna,
Beijing, China, shiyl@ucas.ac.cn

The Lushan earthquake (Ms=7.0) occurred at 08:02 Beijing Time (00:02 UTC)
on April 20, 2013, located on the eastern margin of the Tibetan Plateau, where
2008Ms8.0Wenchuan earthquake took place. It is another strong quake following
the Wenchuan earthquake occurred on the Longmen Shan thrust fault. A large
number of aftershocks were recorded after the main shock. To investigate how
the aftershocks are triggered, we firstly relocate the 6-month aftershock sequence
by double-difference algorithm. Next, we calculate Coulomb failure stress changes
imparted by the Lushan main shock both on the optimally oriented plane and on
the nodal planes in focal mechanisms of the large aftershocks. Then we examine
the correspondence between the Coulomb failure stress changes and the spatial
distribution of the aftershocks. The computed results show that most of the
aftershock hypocenters did not occur on the region with the positive Coulomb
stress changes imparted by the Lushan earthquake. This implies the coseismic static
Coulomb stress changes may not be the governing process for aftershock genesis. In
contrast, postseismic stress transfer by the processes of afterslip and pore fluid flow
may play an important role in aftershock triggering based upon the spatiotemporal
distribution of the aftershocks.

Rupture History of the 2013Mw6.8 Lushan, China Earthquake Based on Strong
Motion Data Inversion: A High-Angle Blind Thrusting Event
ZHANG, G., Institute of Geology, Beijing, China, guohongz@umich.edu;
HETLAND,E.A.,UniversityofMichigan,AnnArbor,MI,ehetland@umich.edu;
SHAN,X., InstituteofGeology,Beijing,China;VALLEE,M.,GeoAzur,University
of Nice Sophia-Antipolis, Valbonne, France

The Mw 6.8 Lushan earthquake occurred on April 20 in Sichuan province, China,
and resulted in up to 200 fatalities and tens of thousands injuries. This latest
earthquake occurred at the southwestern part of the Longmenshan fault zone
(LMSF), which also hosted the 2008 greatWenchuan earthquake to the northeast.
Field investigation immediately after the Lushan earthquake found no obvious
evidenceof surfacebreaks, butdocumented surface cracks indicating that theLushan
earthquake occurred on a blind thrust fault (Li et al., 2013; Xu et al., 2013). Focal
mechanismsdetermined for theLushan earthquake also indicated that the coseismic
slip was thrust, but several contained non-double-couple components which may
possibly indicate a variation is fault geometry or coseismic slip rake. Aftershocks
indicate that the main fault surface was along trend of the general strike of the
LMSF, and dipping to the northwest, similar to the 2008 Wenchuan earthquake;
however, there are also aftershocks that delineate a southeast dipping plane to the
northeast of the main thrust fault. We use local strong motion data to infer the
rupture history during the Lushan earthquake, including constraining the dip of the
fault surfaces. We find that the majority of the coseismic slip occurred on a steeply
dipping thrust ramp, with minor amounts of slip on a steeper dipping fault closer
to the surface. There is additionally some suggestion of coseismic slip on a mid-
crustal sub-horizontal decollement, although the earthquake did not initiate on the
decollement. If the adjacent southeast dipping fault is included in the coseismic slip
solution, the strongmotion data require a minor amount of normal-sense coseismic
slip on that structure. This normal slip is delayed from the initiation of the main
thrust slip, and the early thrust slip produced positive Coulomb stress changes on
this adjacent normal fault.

Rupture Process of the November 17, 2013 Mw 7.8 Scotia Sea Earthquake
YE, L., Department of Earth and Planetary Sciences, UC Santa Cruz, Santa
Cruz, CA, lye2@ucsc.edu; LAY, T., Department of Earth and Planetary
Sciences, UC Santa Cruz, Santa Cruz, CA, tlay@ucsc.edu; KOPER, K. D.,
Department of Geology and Geophysics, University of Utah, Salt Lake City, UT,
kkoper@gmail.com; SMALLEY,R.,CERI,TheUniversityofMemphis,Memphis,
TN, rsmalley@memphis.edu; BEVIS,M.G., School of Earth Sciences, Ohio State
University, \Columbus, Ohio, mbevis@osu.edu; ZAKRAJSEK, A. F., Ciencias
de la Tierra, Dirección Nacional del Antártico Instituto Antártico Argentino,
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Argentina, afz@dna.gob.ar; TEFERLE, F. N., Geophysics Laboratory, University
of Luxembourg, Luxembourg, Germany, norman.teferle@uni.lu

On November 17, 2013, a very large (Mw 7.8) strike-slip earthquake occurred on
the South Scotia Ridge (SSR), the boundary between the Scotia and Antarctica
plates. The epicenter (60.27◦S, 46.40◦W) is northwest of the South Orkney
micro-continent. The SSR is the most seismically active portion of the entire
Antarctica plate boundary, having experienced about 10 M 7+ events since 1908
with additional events just east of the South Sandwich Island subduction zone. The
earthquake sequence initiated with Mw 6.1 (Nov. 13) and 6.8 (Nov. 16) events
located∼50 kmwest of themainshock, and aftershocks extend∼250 km eastward
along the SSR. On Nov. 24, 2013, a potentially triggered left-lateral Mw 7.0 event
occurred∼900 km northwest on the North Scotia Ridge, the northern boundary
of the Scotia plate with South America. The mainshock W-phase and GCMT
point source inversions of long-period seismic waves indicate left-lateral strike-slip
displacement on a fault striking 97◦ 102◦ and dipping southward at 45◦ 50◦ ,
with seismic moment of ∼5.2 5.5 × 1020 N-m. Eastward rupture expansion for
over 250 km at ∼2.5 km/s is inferred from back-projections of teleseismic short-
period P waves for networks of stations in the Americas and Australia, and from
directivity in the effective source time functions for global long-period surfacewaves.
Two intervals of large moment rate occurred from 20 50 s and 70 90 s after the
origin, based on finite-fault inversion of broadband teleseismic P and SH waves.
Iterative modeling of a 1 Hz GPS ground motion recording at station BORC
on Laurie Island (South Orkney Islands) is used to constrain the source rupture
parameters. The rupture extends to the vicinity of the rupture zone of an
August 4, 2003 Mw 7.6 earthquake, which appears to have a similar southward
dipping left lateral strike slip geometry. The 2013 event has relatively high short-
period seismicwave energy release andhighmoment scaled radiated energy (ER/M0
∼3× 10−5)

The Implosive Component of the 2013OkhotskSeaDeep Earthquake: Evidence
from Radial Modes and Constraints from Geodetic Data
OKAL, E. A., Northwestern University, Evanston, IL, emile@earth.
northwestern.edu; SALOOR, N., Evanston, IL, nsaloor@gmail.com;
FREYMUELLER, J. T., University of Alaska, Fairbanks, AK; STEBLOV, G.
M., IFZ, Russian Academy of Science, Moscow, Russia, steblov@gps.gsras.ru;
KOGAN, M. G., LDEO, Columbia University, Palisades, NY, kogan@ldeo.
columbia.edu

Ever since Bridgman’s [1945] original suggestion, the presence of an implosive
component in the source of deep earthquakes has long been a passionately debated
subject,whichis re-openedbytheoccurrenceof the2013SeaofOkhotskearthquake,
the largest ever recorded deep event. The analysis of the fundamental and first
overtone radial modes, 0s0 and 1s0, allows the resolution of such a component
without trade-off with the relevant deviatoric component. We document the
presence of an implosive component valued at 2% of the scalar moment tensor (but
9% of the deviatoric component exciting radial modes). The implosive component
is also resolved by CMT inversion when the zero-trace constraint is relaxed, but
with a significantly larger amplitude (8% of the scalar moment) [M. Nettles, pers.
comm., 2013].

The near field of three-dimensional static deformation by the earthquake
is reconstructed from data at permanent GPS stations in the epicentral area,
with maximum observed deformations on the order of 1 cm (horizontal) to 2
cm (vertical). Preliminary modeling indicates that the influence of the proposed
implosive component (especially as derived fromCMTinversion)may be resolvable
from this dataset at critically located GPS stations, of which a full investigation will
be presented.

Slip Models for the 2013 M7.7 and M6.8 Balochistan Earthquakes in Pakistan
FIELDING, E. J., Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, CA, eric.J.fielding@jpl.nasa.gov; WEI, S. J., Caltech
Seismological Laboratory, Pasadena, CA, shjwei@gmail.com; YAGUE-
MARTINEZ, N., DLR, Oberpfaffenhofen, Bavaria, Germany, Nestor.Yaguee-
Martinez@dlr.de; LEPRINCE, S., Caltech Tectonics Laboratory, Pasadena,
CA, leprince@caltech.edu; HUDNUT, K. H., USGS, Pasadena, CA,
hudnut@usgs.gov; KHAN, S. D., University of Houston, Houston, TX,
sdkhan@Central.UH.EDU; MOTAGH, M., GFZ, Potsdam, Germany, motagh@
gfz-potsdam.de; AYOUB, F., Caltech Tectonics Laboratory, Pasadena, CA,
ayoub@caltech.edu; SAMSONOV, S. V., Canada Centre for Remote Sensing,
Natural Resources Canada, Ottawa, ON, Canada, sergey.samsonov@nrcan-
rncan.gc.ca

A largeMw7.7 earthquake struck a remote area in the Balochistan region ofwestern
Pakistan on 24 September 2013. The nearest city of Awaran was heavily damaged
along with many smaller towns and villages. We use both geodetic measurements

from satellites (optical and radar) and teleseismic waveforms to resolve the slip of
theMw 7.7 mainshock and a largeMw 6.8 aftershock that struck on 28 September.
The optical Landsat 8 satellite, a joint project of NASA and USGS, imaged the
entire length of the Mw 7.7 earthquake rupture on 10 and 26 September, and
fortunately both 185 km-wide scenes were cloud-free. We used the Caltech COSI-
Corr package to do sub-pixel correlation and extract the horizontal components
of surface displacements. The German TerraSAR-X synthetic aperture radar (SAR)
satellite imaged two parts of the fault on 27 September using two different narrow
stripmap beams. The Canadian Radarsat-2 satellite imaged the western part of the
area.We ran both pixel offset tracking (essentially the same as sub-pixel correlation)
and regular SAR interferometry (InSAR) tomeasure the displacements in the cross-
track and along-track directions from the TerraSAR-X and Radarsat-2 data for the
mainshock. The German TerraSAR-X SAR also imaged the eastern part of the area
on 25October with a wide-swath ScanSAR image.We also ran a type of pixel offset
tracking and InSAR analysis to measure two components of the displacements for
the mainshock and aftershock. We ran joint inversions of the geodetic data and
teleseismic waveforms to estimate the slip for the mainshock with its roughly 200
km rupture length and the M6.8 aftershock with its rupture length around 50 km.
The aftershock rupture overlaps with the northeast end of the mainshock rupture,
but occurred in an areawhere themainshock slipwasmuch smaller than thewestern
2/3 of the main rupture.

Great Earthquakes and Slip to the Trench (Seismological
Society of Japan/Seismological Society of America Joint
Session)
Oral Session ·Thursday · 1:30 PM · 1May · Room 2 Session
Chairs: JimMori, DavidWald, and Emily C. Roland

Low Coseismic Friction on the Tohoku Fault Determined from Temperature
Measurements
FULTON, P. M., Dept. of Earth & Planetary Sci, U. California Santa Cruz, Santa
Cruz, CA, pfulton@ucsc.edu; BRODSKY, E. E., Dept. of Earth & Planetary Sci,
U. California Santa Cruz, Santa Cruz, CA, brodsky@pmc.ucsc.edu; KANO, Y.,
Disaster Prevention Research Institute, Kyoto University, Kyoto, Japan; MORI, J.,
DisasterPreventionResearchInstitute,KyotoUniversity,Kyoto, Japan;CHESTER,
F., Center for Tectonophysics, Texas A&M University, College Station, TX;
ISHIKAWA, T., Kochi Institute for Core Sample Research, JAMSTEC, Kochi,
Japan; HARRIS, R. N., College of Earth, Ocean, & Atmos. Sci., Oregon State
University, LIN,W., Kochi Institute for Core Sample Research, JAMSTEC,Kochi,
Japan; EGUCHI, N., Center for Deep Earth Exploration, JAMSTEC, Yohohama,
Japan; TOCZKO, S., Center for Deep Earth Exploration, JAMSTEC, Yohohama,
Japan; Expedition 343, 343T, and KR13-08 Scientists

The amountof frictional resistance on a fault during an earthquake is anoutstanding
unknown of earthquake physics. Heat around the fault after an earthquake can
provide insight, as it records the integrated energy dissipated by friction. In July
2012, the JFAST project (IODP Expedition 343/343T) installed a temperature
observatory across the fault that generated the March 2011 Mw9.0 Tohoku
earthquake where slip was ∼50 m near the trench. After 9 months, the complete
sensor string was recovered, implying there was negligible afterslip at this location
during the deployment. The data reveal a 0.31◦C temperature anomaly at the
plate boundary fault requiring 28 MJ/m2 of dissipated earthquake energy. The
corresponding effective friction coefficient of 0.08 is considerably smaller than static
values for most rocks (0.6) and compatible with high-velocity friction experiments
on the fault core material. The corresponding coseismic frictional stress of ∼0.6
MPa suggests nearly complete stress drop locally.

Stress State near Updip End of the 2011 Tohoku-Oki Earthquake Inferred from
OBS Aftershock Observations
OBANA, K., JAMSTEC,Yokohama, Japan,obanak@jamstec.go.jp;KODAIRA,
S., JAMSTEC, Yokohama, Japan, kodaira@jamstec.go.jp; HINO, R., Tohoku
University, Sendai, Japan, hino@aob.gp.tohoku.ac.jp; SHINOHARA, M., ERI,
University of Tokyo, Tokyo, Japan,mshino@eri.u-tokyo.ac.jp

The 2011 Tohoku-Oki earthquake (Mw 9.0) ruptured a roughly 200 km wide
and 500 km long segment of the subduction fault along the Japan Trench (e.g.,
Yagi and Fukahata, 2011). The most significant feature of the 2011 Tohoku-
Oki earthquake is a huge coseismic slip (> 50 m) near the trench axis. After
the 2011 Tohoku-Oki earthquake, shallow normal-faulting seismicity has been
active in the incoming/subducting Pacific plate near the Japan Trench (e.g., Asano
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et al., 2011). Furthermore, a pair of large Mw 7.2 intraplate earthquakes, a deep
reverse-faulting event followed by a shallow normal-faulting event, occurred near
the trench axis onDecember 2012.According to theGlobalCMTproject (GCMT,
http://www.globalcmt.org/), centroid depths of these events are 57.8 km and 19.5
km. These earthquakes near the updip end of the 2011 rupture area reflect stress
state related to the large near-trench slip during the 2011 earthquake. To investigate
the stress state near the trench axis, we have conducted a series of ocean bottom
seismograph (OBS) observations near the trench axis since the occurrence of the
2011 Tohoku-Oki earthquake. These observations provided accurate hypocenter
locations and focal mechanisms in both seaward and landward of the trench axis.
The earthquakes observed by the OBSs were located mainly within the overriding
and incoming/subducting plates, but very few on the plate interface. Most of the
focal mechanisms indicate normal or strike-slip faulting with T-axis normal to the
trench axis. This indicates that tensional stress is dominant in the trench axis area.
The trench-normal extensional earthquakes were shallower than about 35 to 40 km.
On the other hand,most seaward part of the seismicitywithin the overriding plate is
characterized by a cluster of trench-normal compressional earthquakes, which may
relate to spatial variation of the frictional behavior of the shallowest part of the
megathrust.

Large Shallow Slip of the 2011 Tohoku-oki Earthquake
MORI, J., Disaster Prevention Research Institute, Kyoto University, Uji, Kyoto
Japan,Mori@eqh.dpri.kyoto-u.ac.jp

The 2011 Tohoku-oki earthquake (Mw9.0) produced a huge amount of slip (40
to 60 meters) on the shallow portion of the subduction zone close to the Japan
trench. Such large fault displacement was unexpected for the region andwasmainly
responsible for the tsunami that devastatedmuch of the northeast coast ofHonshu.
Using results from the Japan Trench Fast Drilling Project ( JFAST) which sampled
the fault in the region of large slip and estimated the fault friction level from
temperature measurements, we can begin to understand the conditions for the very
large fault slip. The plate boundary fault zone is localized in a thin layer (less than 5
meters) of highly deformed pelagic sediments. From the temperaturemeasurements
and laboratory experiments, these fault zone rocks are shown to have very low
dynamic frictional properties. This implies that once slip initiates, the friction drops
to a very low value which is conducive to large slip and a complete release of the
accumulated shear stress.

Similar to the 2011 earthquake, the 1896 tsunami earthquake in a nearby
region is also thought to have had large slip on the shallow portion of the
subduction zone close to the Japan trench. The thin fault zone of low friction
pelagic clay may control this behavior for both earthquakes. However, not all great
earthquakes along the Japan Trench have large fault displacements to the trench.
The 1968 (Mw8.3) and 2003 (Mw8.3) Tokachi earthquakes were more typical
subduction zone earthquakes and probably did not rupture out to the trench. We
will discuss some of the factors related to earthquakes that rupture close to the
trench.

Constraining the Broadband Slip History of 2011 Tohoku Earthquakes Using a
Two-Step Finite Fault Approach
JI, C.,UCSB, SantaBarbara,CA, ji@geol.ucsb.edu; ARCHULETA,A. J.,UCSB,
Santa Barbara, CA

Atwo-stepfinite fault inversionapproachisdevelopedtoimproveourunderstanding
to the distributions of high frequency seismic radiation during large earthquakes
and their relationship with the corresponding fault slip distribution. It uses the
nonlinear finite fault inversion method to constrain the general slip pattern of
rupture process and then further improve the fits to high frequency by subsequently
Landweber iterations with nonlinear causality and moment constraints. This new
approach naturally considers the near-source reverberation of seismic waves and
fault geometry,which are significant butwere generally ignoredduring conventional
back-projection analyses.We have applied this method to the 2011Mw 9.1 Tohoku
earthquakeusingteleseismicPwavedata.Ourresults reveal twozonesof faultpatches
with apparent higher high-frequency (1 2 Hz) seismic radiation during this giant
earthquake.One zone is associatedwith the downdip edge of the co-seismic rupture,
consistent with previous back-projection studies (e.g., Koper et al., 2011;Wang and
Mori, 2011 andMeng et al., 2011). Another zone locates at the up-dip direction of
the hypocenter, roughly marking the down-dip edge of the near-trench fault patch
with over 60 m peak slip. The fault patches with higher far field high-frequency
radiation are also the regions where the slowdowns of rupture propagation in their
vicinities were found during our nonlinear finite fault inversion. The correlation
between apparent high frequency seismic radiation and rupture kinematic rupture
process inferred frombroadband finite fault inversion are consistent with the classic
dynamic mechanisms, i.e., suddenly decelerating of the rupture propagations near

the edges of barriers and breaking into the stress singularity zones at the edges of the
high slip patches (e.g., Madariaga, 1983).

Constraining Shallow Slip and Tsunami Excitation in Megathrust Ruptures
using Seismic, Ocean Acoustic, and Tsunami Waves Recorded on Ocean-
Bottom Sensor Networks
DUNHAM, E. M., Stanford University, Stanford, CA, edunham@stanford.edu;
KOZDON, J. E., Naval Postgraduate School, Monterey, CA, jekozdon@nps.edu;
LOTTO, G. C., Stanford University, Stanford, CA, glotto@stanford.edu

Networks of seismometers and pressure gauges deployed offshore in subduction
zones hold much promise for illuminating the megathrust rupture process and
improving local tsunami warning systems. We aim to characterize the offshore
wavefield generated by great megathrust events, with the specific objective of
identifying signatures of shallow slip. Here we present dynamic rupture simulations
from the 2011 Mw 9.0 Tohoku event. Shallow slip near the trench is influenced by
frictional properties beneath the frontal prism. Even when velocity-strengthening
behavior extends several tens of kilometers landward from the trench, the rupture
reaches the trench with ∼30 m slip there. Our simulations, which include a
compressible ocean, reveal pronounced wave excitation when the rupture reaches
the seafloor. The largest waves are 14-s oceanic Rayleighwaves propagating offshore
at a group velocity slightly less than the sound speed and carrying pressure changes
in the water column >1 MPa. Their amplitudes are determined by the overall
moment release of the earthquake, with little sensitivity to the shallow rupture
process. The dominant wave signal in the landward direction is carried by leaking
P-wave modes (or PL waves). These waves propagate toward shore at 6 km/s and
are comprised, in part, of multiply reflected ocean sound waves carrying acoustic
pressure changes of 0.1 1 MPa. Most remarkable is the sensitivity of oceanic PL
waves to the shallow rupture process and tsunami excitation near the trench, with
potential implications for local tsunami early warning systems. An obvious next step
is to develop correlations between PL-wave amplitudes and tsunami wave heights.
With this objective, we have extended our code by adding gravitational restoring
forces, thereby enabling us to simultaneouslymodel surface gravitywaves (tsunamis)
in the ocean along with seismic and acoustic waves and rupture dynamics.

Complete Stress Drop in Shallow Great Earthquakes
HARDEBECK, J. L., US Geological Survey, Menlo Park, CA, jhardebeck@usgs.
gov

Recent great earthquakes with significant shallow slip, including the 2011 M9.0
Tohoku,2010M8.8Maule, and2004M9.2Sumatra earthquakes, producecoseismic
and postseismic rotations of the principal stress axes that imply complete or near-
complete stress drop (Hasegawa et al., EPS, 2011; Hardebeck, GRL, 2012). A
systematic analysis of coseismic stress rotations due to recent M≥8 subduction
earthquakes shows little stress rotation below 25 km depth. This implies that the
conditionsthatallownear-complete stressdropare limitedtoshallowerdepths, likely
related to lower overburden pressure or to material properties in the near-trench
region.

I first invert together all moment tensors of inter- and upper-plate events
for stress orientation. Prior to each shallow mainshock, the maximum compressive
stress axis is near horizontal, while immediately after the mainshock, both the
maximum and minimum compressive stress axes plunge at ∼45◦ . Dipping faults
can be oriented for either reverse or normal faulting in this post-mainshock stress
field, depending on dip, explaining the normal-faulting aftershocks observed after
some mainshocks. The stress axes rotate back rapidly in the months following the
Tohoku andMaule mainshocks, and in the southern part of the Sumatra rupture. A
rapid postseismic rotation is possible because the near-complete stress drop leaves
very little stress at the beginning of the postseismic reloading.

The spatial distribution of stress orientations before and after eachmainshock
is then mapped on a finer length scale to relate the complete stress drop regime to
overburden pressure, material properties, and/or other fault behaviors. I bin events
in the Tohoku,Maule, and Sumatra regions by both space and time, and invert their
moment tensors. I will present preliminary results of the finer-scale spatial-temporal
stress evolution, and relate the distribution of near-complete stress drop to depth
and other observables.

Seismic Versus Aseismic Slip: Probing Mechanical Properties of the
Northeast Japan Subduction Zone
SHIRZAEI, M., Arizona State University, Tempe, AZ, shirzaei@asu.edu;
BÜRGMANN, R., University of California, Berkeley, Berkeley, CA, burgmann@
seismo.berkeley.edu; UCHIDA, N., Tohoku University, Sendai, Japan,
uchida@aob.gp.tohoku.ac.jp;HU,Y.,UniversityofCalifornia,Berkeley,Berkeley,
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CA, yhu@seismo.berkeley.edu; POLLITZ, F., U.S. Geological Survey, Menlo
Park, CA, fpollitz@usgs.gov

Fault slip may involve slow aseismic creep and fast seismic rupture, radiating
seismic waves manifested as earthquake. These two complementary behaviors
accommodate the long-term plate convergence rate of major subduction zones
and are attributed to the fault frictional properties. It is conventionally assumed
that zones capable of seismic rupture on the subduction megathrust are confined
to within about 10 to 50km depth; however, the actual spatiotemporal extent of
fault mechanical parameters remains elusive for most subduction zones. The 2011
Tohoku Mw9.0 earthquake, challenging this conventional assumption, provides a
unique opportunity to probe the mechanical properties of the Japan subduction
zone. Drawing on the inferred distribution of coseismic and postseismic slip, it has
recently been suggested that portions of the megathrust are capable of switching
between seismic and aseismic behavior. Investigating the coseismic and 15-month
postseismic deformation of this event, we find that the coseismic rupture triggered
widespread frictional afterslip with equivalent moment magnitude of 8.41, in
addition to viscoelastic relaxation in the underlying mantle. The identified linear
relation between afterslip and the cumulative number of aftershocks at 35 55 km
depth suggests thatmost aftershocks are a direct result of afterslip. Using a rate-state
friction model we constrain the heterogeneous fault mechanical parameters of the
subduction thrust. Our results indicate a variable pattern along dip and strike and
that velocity-weakening properties persist in the shallow part of the megathrust.
This finding indicates that earthquakes with the size of the Tohoku earthquake
will likely repeat in the future, highlighting the importance of characterizing the
spatiotemporal extent of the fault mechanical properties elsewhere.

CMT Re-analysis of the Great 1964 Alaska Earthquake
NETTLES, M., LDEO, Columbia University, Palisades, NY, nettles@ldeo.
columbia.edu; EKSTRÖM, G., LDEO, Columbia University, Palisades, NY

The very small number of instrumentally recorded M> 9 earthquakes makes each
such event of particular scientific value. The recent M∼9 Sumatra-Andaman and
Tohoku subduction-zone earthquakes were recorded on modern very-broadband
seismometers with high dynamic range and have been studied in detail using
modern seismological methods. Our knowledge of the source characteritistics of
the M∼9 1964 Alaska earthquake is much more limited. This event was recorded
by seismographs of limited dynamic range, with the result that direct P-wave arrivals
were off scale even at teleseismic distances, and surface-wave arrivals were off scale
worldwide for hours following both events. No analysis of the long-period source
characteristics of the 1964 Alaska earthquake has been conducted using modern
moment-tensor inversionmethods or techniques of seismogram synthesis. Here, we
apply a modified centroid-moment-tensor analysis technique to the hand-digitized
records of the 1964 Alaska earthquake originally collected by Dziewonski and
Gilbert (1972). The data are of high quality, and the station coverage is good,
though the portion of the data analyzed must be restricted to the G4-8 and R4-8
orbits of the Love and Rayleigh waves in most cases. Preliminary results are broadly
consistent with those of Kanamori (1970), and suggest that the 1964 earthquake
was larger than both the Sumatra and Tohoku earthquakes. We explore a range of
parameter space, including for fault dip, and assess our results in comparison with
available imaging results and recent seismic and geodetic studies of the geometry of
the rupture region.

Recent Advances in GroundMotions SimulationMethods
and Their Validation
Oral Session ·Thursday · 8:30 AM · 1May · Room 3 Session
Chairs: Christine Goulet and Kim B. Olsen

Three-Dimensional Ground-Motion Simulations of Earthquakes in the
Hanford, Washington Area
FRANKEL, A., U.S. Geological Survey, Seattle, WA, afrankel@usgs.gov;
THORNE, P., Pacific Northwest National Laboratory, Richland, WA, paul.
thorne@pnnl.gov;ROHAY,A., PacificNorthwestNationalLaboratory,Richland,
WA, alan.rohay@pnnl.gov

Observations and 3D finite-difference simulations for the Hanford area of eastern
Washington state show that basin-edge generated surface waves at frequencies
up to 2 Hz amplify and prolong the ground shaking compared to that expected
from flat-layered velocity models. The Hanford site is a former nuclear production
complex with large amounts of stored radioactive waste. The 3D model consists
of a sedimentary basin with a relatively thin (130 m or less) layer of sediments
above a thick sequence of basalts that overlie pre-Miocene sediments and basement.

Recordings in thebasinof aM3.7 earthquake at 20kmdepth southof thebasin show
a prominent set of dispersed arrivals at 1 2 Hz following the S-wave. Synthetics
derived from the 3D model match the observed later arrivals, whereas synthetics
from flat-layered velocity models do not contain these arrivals. The simulations
show that these later arrivals were high-frequency surface waves propagating in
the sediments above the basalt, created by conversion of incident S-waves at the
southern edge of the basin. 3D and 1D simulations were done for M6.7 6.8
earthquakes on the Rattlesnake Hills fault along the southern edge of the basin and
M6.6 earthquakes on the Gable Mountain fault beneath the basin. The synthetics
from the 3D model at some sites have spectral accelerations (SA) at 1 2 Hz that
are 2 to 4 times higher than those from the 1D model, for earthquakes along
the southern edge of the basin. This amplification is due to basin-edge generated
surface waves. The 1 2 Hz SA of the synthetics from the 3D model for ruptures
near the southern edge of the basin are significantly larger than those predicted
from the NGA West 2 ground-motion prediction equations. We estimated the
effects of the sedimentary basin on regional S-waves from earthquakes on the
Cascadia subduction zone by using a dipping plane-wave source. The simulation
for the 3D model produced SA values substantially larger than the flat-layered
model.

Verification of Synthetic Near-Source Ground Motion Against Empirical
GMPE and Physics-Based Stochastic Source Characterization for Future
Earthquakes
DALGUER, L. A., Swiss Seismological Service, ETH-Zurich, Zurich, Switzerland,
dalguer@sed.ethz.ch; BAUMANN,C., Zurich Insurance Company Ltd, Zurich,
Switzerland, cyrill.baumann@zurich.com; SONG, S. G., Swiss Seismological
Service, ETH-Zurich, Zurich, Switzerland, song@sed.ethz.ch

Forthepurposesof site-specificevaluationofgroundmotions for futureearthquakes,
there is an increasing awareness to use synthetic ground motion time series in
combinationwithobserved groundmotion (if available) rather than solely empirical
data usually interpolated and/or extrapolated from different sources and locations,
particularly near the source where recorded data are sparse and ground motions are
dominated by the source effects. Physics-based dynamic rupture modeling appears
to be the best suitable approach to produce synthetic ground motions since it
has the potential for identifying source-dominated ground motion phenomena
and their variability. It requires the consideration of a large number of earthquake
scenarios in awidemagnitude range, with the attempt to covermost of the potential
future earthquakes and resulting ground motion variability. It also needs to be
verified against empirical ground motion data from past earthquakes. In this study
we show quantitatively the compatibility of a suite of synthetic data obtained
from dynamic rupture models with empirical ground motion prediction equations
(GMPEs) in terms ofmean and standard deviation (sigma) of peak ground intensity
measures. It is remarkable that our synthetic data are better comparable with
the empirical GMPEs at distance larger than 10 km where empirical GMPE are
robust, and the standard deviation from the synthetics are comparable to that of
empiricalGMPEswith little dependence onperiod anddistance.We also propose to
quantify the variability of finite source more systematically in physics-based source
modeling because it controls the variability of simulated ground motions. The
source variability characterized by stress drop and statistical correlations between
kinematic source parameters contribute significantly to ground motion variability,
providing useful insights to build stochastic source characterization for future
earthquakes.

Summary of a Large Scale Validation Project Using the SCEC Broadband
Strong Ground Motion Simulation Platform
GOULET, C. A., University of California, Berkeley, Berkeley, CA, goulet@
berkeley.edu; BBP VALIDATIONGROUP

The goal of the SCECBroadbandGroundMotion Simulation Platform (BBP) is to
allowusers tosimulatebroadband(0 50Hz)groundmotionwaveformsforcomplex
earthquake ruptures using a variety of numericalmodulesmodeling source, path and
site effects. The BBP software is freely available for download and is designed to be
used by both science and engineering researchers with some experience interpreting
ground motion simulations. A large-scale validation exercise started in early 2012
and a first round of validation was completed in August 2013 for a subset of
simulated events, for several simulation methodologies. This validation exercise is a
multi-year project involving many stakeholders and the participating seismologists,
engineers, programmers and users are referred to as the BBP Validation Team. The
validationhasbeenfocusedso faronpseudo-spectral acceleration(PSA)andconsists
of two complementary approaches: PartA involves comparisonof simulated ground
motionswith recordings frompast earthquakes andPartBcomparesmedianground
motion prediction equation (GMPE) results for hypothetical earthquakes with
the median prediction from the BBP methods. While most of the BBP methods
produce time series, the evaluation procedures for validation are geared toward
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engineering-based metrics such as aggregate goodness-of-fit for average horizontal
component PSA. Additional statistical and visualization tools have been integrated
into theBBP to ensure uniformresults for the evaluation,whichdetermines distance
and frequency ranges for which each method is considered to be reliable. The
focus of the presentation is to highlight the key features of the BBP and of
the validation methodology, and to introduce sample results considered in the
evaluation.

Site-Specific Response in Validation Studies of Physics-Based Earthquake
Simulations
ASSIMAKI, D., Georgia Tech, Atlanta, GA, dominic@gatech.edu; SHI, J.,
Georgia Tech, Atlanta, GA, shijian@gatech.edu; TABORDA, R., University of
Memphis, Memphis, TN, ricardo.taborda@memphis.edu

Although site response has long been known to be an important factor in
modifying seismicmotion, its integration inphysics-based earthquake simulations is
constrained by challenges of computational cost, and by the scarcity of geotechnical
information; in turn, site response is accounted for in terms of trends through
Vs30-based amplification factors. However, as the computational capabilities of
3D physics-based earthquake simulations extend in the high frequency range (>1
Hz), the fine resolution of the geotechnical layers and their nonlinear response
have become increasingly important for validation studies. Recent efforts by the
United States Geological Survey (USGS) have produced geotechnical profiles at
more than 100 stations in Southern California. In this study, we use a subset of
these profiles to perform site-specific analyses at stations used for the validation
of physics-based ground motion simulations of the 2008 Chino Hills earthquake;
and compare our results to recorded and physics-based simulated ground motions
without site-specific response. We quantify the differences of ground surface
predictions and observations in terms of both seismological and engineering
intensity measures.We show that the goodness-of-fit of high frequency predictions
compared to the recorded motions improves significantly when we introduce site-
specific geotechnical profiles. Our results thus promote the interdisciplinary efforts
of seismologists and engineers to introduce broadband simulated ground motions
in earthquake design practice.

Some Modifications to Parameters used in the Stochastic Method for
Simulating High-Frequency Ground Motions
BOORE, D. M., U.S. Geological Survey, Menlo Park, CA, boore@usgs.gov;
THOMPSON, E. M., San Diego State University, San Diego, CA, ethompson@
mail.sdsu.edu

The stochastic method is widely used to compute ground motions at frequencies
of engineering interest, for both point-source and extended-source fault
representations. Since its introduction by Hanks and McGuire in 1981 and the
enhancements to the method described by Boore in 1983, the method has changed
little. Here we discuss several modifications and additions, not to the method,
but to parameters used in many applications of the method. First, we have
recently developed two generalized 2-corner-frequency source models that allow
the specification of the high-frequency spectral level in terms of a parameter having
the units of stress; this differs from other 2-corner-frequency models, in which the
high-frequency spectral level is not a free parameter. Other modifications include:
the crustal amplifications used for a generic rock velocity profile, for which the usual
amplifications have been changed by up to 30%; the introduction of a finite-fault
adjustment factor to capture the effect of a finite fault in point-source simulations;
revisions to the random-vibration theory parameters used to estimate the ground-
motion intensity measures; and a new relationship for the duration of shaking with
distance in active tectonic regions.Most of this talk will be devoted to the last topic,
which includes a clarification of which measure of duration corresponds to the
duration of excitation of the simulation. The standardmodel of the path-dependent
duration (in s) in active tectonic regons has been 0.05R (R in km; the total duration
is the sum of the source and path durations). Durations computed from the NGA-
West 2 database show that 0.05R underestimates the duration, often bymore than a
factor of two. The new path duration, estimated by subtracting the source duration
fromtheobserveddurations, is amagnitude-independent, piecewise-linear function
of distance.

Comparison of 3D and 1D Wave Propagation Modeling in the San Francisco
Bay Area
PITARKA, A., Lawrence Livermore National Laboratory, Livermore, CA,
pitarka1@llnl.gov; RODGERS, A. J., Lawrence Livermore National Laboratory,
Livermore, CA, rodgers7@llnl.gov; PETERSSON, A., Lawrence Livermore
National Laboratory, Livermore, CA; SJOGREEN, B., Lawrence Livermore
National Laboratory, Livermore, CA

Weperformed 1D and 3D groundmotion simulations in the San Francisco Bay area
using kinematic rupture models for the M6.9 Loma Prieta earthquake, and M6.7
scenario earthquakes on the Hayward fault.

The objective of our investigation is to evaluate three-dimensional wave
propagation effects on ground motion from large earthquakes in an area with
complex underground structure, and compare the efficiency of 3D and 1D velocity
models, at capturing such effects in the period range of 0.5 to 20 s. We use
a deterministic approach for modeling wave propagation, and a combination
of deterministic and stochastic approaches for rupture and velocity model
parameterizations. A suite of rupture scenarios with stochastic slip variations
was used to analyze the sensitivity of 3D and 1D wave propagation effects to
small-scale variations in the rupture kinematics. The rupture models for both
earthquakes were generated on the SCECBroad-BandGroundMotion Simulation
Platform using the Graves and Pitarka (2010) method. The simulations were
performed in the frequency range of 0.01 to 2 Hz using an anelastic 3D finite-
difference method and the USGS San Francisco Bay area 3D velocity model,
Version 8.3.0, with surface topography.We added small-scale randomperturbations
to the original USGS velocity model to account for seismic wave scattering
caused by structural heterogeneities. Strong motion data from the USGS and
the California Geological Survey strong motion arrays were used in the models
validation.

Wewill showresults of our analysis usingwaveformcomparison, and goodness
of fit of spectral responses between simulated and recorded ground motion, as
well as between 3D and 1D simulated ground motions, with respect to spectral
period, fault distance, basin depth, and rupture scenario in the period range of
0.5 to 20 s.

This work was performed under the auspices of the U.S. Department of
Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-
07NA27344.

The Shakeout Earthquake Scenario with Plasticity
ROTEN, D., ETHZ, Zürich, Switzerland, daniel.roten@sed.ethz.ch; OLSEN,
K. B., San Diego State University, San Diego, CA, kbolsen@mail.sdsu.edu; DAY,
S. M., San Diego State University, San Diego, CA, sday@mail.sdsu.edu; CUI, Y.,
SanDiegoSupercomputerCenter, La Jolla,CA,yfcui@sdsc.edu; FÄH,D., ETHZ,
Zurich, Switzerland

Computer simulations of large (M≥ 7.5) earthquakes rupturing the southern San
Andreas fault from SE to NW (e.g., ShakeOut, widely used for earthquake drills)
have predicted strong long-period (> 2 s) groundmotions in the densely populated
Los Angeles basin. These amplifications are related to channeling of seismic waves
trough a series of interconnected sedimentary basins, which result in a waveguide
effect that has also been identified in virtual earthquakes constructed from the
ambient seismic field.

However, predictions based on viscoelastic simulations or observations of
ambient noise both assume a linear stress-strain relationship in crustal rocks and
sedimentarydeposits.We investigate the influenceofnonlinearmaterial behavioron
groundmotion levels by simulating the ShakeOut scenario (based on the kinematic
source description ofGraves et al., 2008) for amedium governed byDrucker-Prager
elastoplasticity.

To account for the uncertainty in the yield strength of the propagatingmedia,
we experiment with three different models covering a broad range of possible
cohesions, basing our choices on petroleum industry equations and published
laboratory results. We also analyze the sensitivity of simulated shaking levels to
the definition of the initial stress field.

Our results indicate that nonlinear material behavior could reduce the earlier
predictionsof large long-periodgroundmotions intheLosAngelesbasinby30 70%
as compared to viscoelastic solutions. These reductions are primarily due to yielding
near the fault, although yieldingmay also occur in the shallow low-velocity deposits
of the Los Angeles basin if cohesions are close to zero.

Fault zone plasticity remains important even for conservative values of
cohesions, suggesting that current simulations assuming a linear response of rocks
are overpredicting groundmotions during future large earthquakes on the southern
San Andreas fault.

PRENOLIN Project: A Benchmark on Numerical Simulation of 1-D Non-Linear
Site Effect. 2 Preliminary Results from the Verification Phase on Idealistic
Cases
RÉGNIER, J., CEREMA, Nice, France, julie.regnier@cerema.fr; BONILLA,
L. F., Université Paris-Est, IFSTTAR, Marne-La-Vallée, France, luis-fabian.
bonilla-hidalgo@ifsttar.fr; BARD, P. Y., ISTerre, Grenoble, France, pierre-
yves.bard@ujf-grenoble.fr; BERTRAND, E., CEREMA, Nice, France, etienne.
bertrand@cerema.fr; HOLLENDER, F., CEA, ISTerre, Cardarache, France,
fabrice.hollender@cea.fr; KAWASE, H., DPRI, Kyoto, japan, kawase.
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hiroshi.6x@kyoto-u.ac.jp; SICILIA, D., EDF, Aix-en-provence, France,
deborah.sicilia@edf.fr; the PRENOLIN participants: D. ASSIMAKI (Gorgia
tech), D. BOLDINI (Univ. Bologna), S. IAI (DPRI), S. KRAMER (Univ.
Washington), E. FOERSTER (CEA),C.GELIS (IRSN),G.GAZETAS (NTUA),
J.GINGERY (Kleinfelder/UCSD), Y.HASHASH(Univ. of Illinois), P.MOCZO
(CUB), S. FOTI (Politecnico di Torino), G. LANZO (Univ. Rome), F. LOPEZ-
CABALLERO (ECP), D. ROTEN (ETHZ), K. PITILAKIS (AUTH), F.
DEMARTIN (BRGM), B. JEREMIC (UCD), A. NIETO-FERRO (EDF), M.
P. SANTISI (Univ. Nice), D. MERCERAT (CEREMA).

Themainobjective of thePRENOLINproject is the assessment of the uncertainties
associated to non-linear simulation of 1D site effects. An international benchmark
is underway to test several numerical codes including various non-linear soil
constitutive models to compute the non-linear seismic site response. A preliminary
verification phase (i.e. comparison between numerical codes on simple, idealistic
cases) will be followed by a validation phase comparing the predictions of such
numerical estimations with actual strong motion recordings obtained on well-
known sites. The benchmark presently involves 23 different teams and 28 different
non-linear computations.

We present here the preliminary results of the verification benchmark dealing
with ideal cases. Three different idealistic soil profiles were tested in a wide strain
range with different input motions and different boundary conditions at the
sediment/bedrock interface. A first iteration was organized in order to ensure a
common understanding and identical results in the elastic and visco-elastic cases,
and to identify the issues with the non-linear modelling. An ongoing second round
of computations will provide a first quantification of the epistemic uncertainties
linked with NL modelling with different NL rheological models. The analysis
of the results from the first iteration show that the main discrepancies between
numerical results can be attributed to (1) minor mistakes in input parameter
implementation or output units, (2) different understanding of the expression
‘‘input motion’’ in different communities and (3) numerical dispersion and/or
attenuation implementation.The first twopointswere clarified for thenext iteration
of the verification phase, which will focus on the implementation of the non-linear
models.

PRENOLIN is part of two larger projects: SINAPS@, funded by the ANR,
theFrenchnational researchagency, andSIGMA, fundedbya consortiumofnuclear
operators (EDF, CEA, AREVA, ENL).

Rupture Dynamics and Ground Motions from 3-D Dynamic Rough-Fault
Simulations of Dip-Slip Events
SHI, Z.,DepartmentofGeological Sciences, SanDiegoStateUniversity, SanDiego,
CA, zshi@mail.sdsu.edu; DAY, S. M., Department of Geological Sciences, San
Diego State University, San Diego, CA, sday@mail.sdsu.edu

We perform 3-D numerical simulations of dynamic rupture along rough dip-slip
faults to study the properties of rupture dynamics and patterns of resultant ground
motions in dip-slip events. Shi and Day (2013) deterministically generated high-
frequency ground motions for up to ∼10 Hz by numerically modeling rupture
propagation along a rough strike-slip fault. Dynamic rupture propagation on
rough faults results in rupture irregularities that lead to ground motions with
complex spatial patterns and extensive high-frequency content. The site-averaged
synthetic response spectra have characteristics, including the distance and period
dependence of themedian values, absolute level and intra-event standard deviation,
comparable to appropriate empirical estimates, throughout the period range 0.1-
3.0 sec. In the current study we apply the methodology of Shi and Day (2013)
to the deterministic simulation of high-frequency ground motions for dip-slip
events by assuming that the surface topology of the dipping fault follows a self-
similar roughness pattern. We explore the influence of geometrical and dynamic
parameters of faulting on properties of rupture dynamics and ground motions.
Parameters explored include fault dip, rake angle, depth to the top-of-rupture
and stress distribution, with the goal of better understanding how ground motion
phenomena such as directivity and hanging-wall amplifications are related to the
dynamic and geometrical characteristics of dip-slip events.

High-Complexity Deterministic Q(f) Simulation of the 1994 Northridge Mw 6.7
Earthquake
WITHERS, K. B., SanDiego State University/University of California SanDiego,
San Diego, CA, quantumkylew@aol.com; OLSEN, K. B., San Diego State
University, San Diego, CA, kbolsen@mail.sdsu.edu; SHI, Z., San Diego State
University, San Diego, CA, zshi@mail.sdsu.edu; DAY, S., San Diego State
University, San Diego, CA, sday@mail.sdsu.edu

With the recent addition of realistic fault topography in 3D simulations of
earthquake source models, ground motion can be deterministically generated more
accurately up to higher frequencies. The synthetic groundmotions have been shown

to match the characteristics of real data, having a flat power spectrum up to some
cutoff frequency (Shi andDay,2013).However, theearthquake source isnot theonly
source of complexity in the high-frequency groundmotion; there are also scattering
effects caused by small-scale velocity and density heterogeneities in the medium
that can affect the groundmotion intensity. Here, we dynamically model the source
of the 1994 Mw 6.7 Northridge earthquake using the Support Operator Rupture
Dynamics (SORD) code up to 8 Hz. Our fault model was input into a layered
velocity structure characteristic of the southern California region characterized by
self-similar roughness from scales of 100 m up to the total length of the fault. We
extend thegroundmotion to furtherdistancesby converting theoutput fromSORD
toakinematic source for the finite difference anelasticwavepropagation codeAWP-
ODC. This code incorporates frequency-dependent attenuation via a power law
above a reference frequency, and we illustrate the importance of including Q(f ) in
groundmotionestimation.Forexample, apower-lawexponentof0.6canproduceup
to a factor-of-two increase in theArias Intensity compared to a constant-Q0 2.5Hz
simulation.Wemodel the region surrounding the fault with andwithout small-scale
medium complexity, with varying statistical parameters. Furthermore, we analyze
the effect of varying both the power-law exponent of the attenuation relation and
the scale factor relating Q and media velocity, and compare our synthetic ground
motions with observed accelerograms. Additionally, we calculate the intra-event
variability, i.e. the single-station standard deviation, and compare with values from
leading GroundMotion Prediction Equations.

Using Attenuation in Ground Motion Prediction Equations: Validating
Improvements to Strong Ground Motion Predictions
PASYANOS, M. E., Lawrence Livermore National Laboratory, Livermore, CA,
pasyanos1@llnl.gov

We have recently developed a lithospheric attenuation model of North America
in which we estimate the attenuation quality factors (Qp and Qs) for the crust
and upper mantle over a broad frequency band (0.5 10 Hz). The attenuation
model can be used to improve strong ground motion predictions, as had been
previously demonstrated for the 2011 Mineral, VA earthquake. In order to make
them easier to test, the models are incorporated into standard 1D ground motion
prediction equations (GMPEs), effectively making them 2-D. Here, we test our
ability to improve ground motion estimates for a much larger validation dataset of
earthquakes in central and easternNorthAmerica compiled for theNGA-East.This
dataset is a diverse set of recordings with a range of magnitudes, distances, tectonic
settings, earthquakemechanisms, and groundmotion levels. The use of attenuation
models in GMPEs improves our ability to fit strong ground motions in the region,
sometimes significantly, and should be incorporated in future national hazard
maps.

Constraining GMPEs in Critical Ranges for Complex Ruptures Using Strong
Motion Simulation Procedures on the SCEC Broadband Platform
BAYLESS, J., URS Corporation, Los Angeles, CA, jeff.bayless@urs.com;
DREGER, D., UC Berkeley, Berkeley, CA, ddreger@berkeley.edu;
WOODDELL, K., PG&E, San Francisco, CA, kxwl@pge.com;
ABRAHAMSON,N., PG&E, San Francisco,CA,naa2@pge.com; DONAHUE,
J., Geosyntec, San Francisco, CA, jdonahue@geosyntec.com

As a part of the Southwestern U.S. (SWUS) Ground Motion Characterization
(GMC) SSHAC Level 3 study for the Diablo Canyon Power Plant (DCPP),
broadband ground motion simulations have been performed for a variety of
scenario and validation earthquakes using the Southern California Earthquake
Center (SCEC) Broadband Ground Motion Simulation Platform (BBP). A BBP
user generates broadband ground motions using physics-based simulation methods
by prescribing fundamental earthquake scenario parameters. The first validation
phase of the BBP was recently evaluated by Dreger et al. (2013) for simulated
pseudo-spectral acceleration (Sa) using version 13.6.1 of the BBP code. Using the
validatedversionof theBBP,weaddress thehazard-significant technical issueofhow
several critical GroundMotion Prediction Equation (GMPE) input parameters are
best defined in important ranges for complex ruptures; areas where there is very
little recorded data. We define ‘complex’ ruptures as those having a significant
change in strike, rake, or dip along strike. We also consider a set of ‘splay’ ruptures,
which we define as one main fault with a secondary branching fault. Simulations
are evaluated for three complex and two splay scenarios over the range Mw 7.0
to 7.4. The changes in geometry and faulting style are located near the site of
interest, where the definition of many GMPE input parameters (including dip,
rake, depth, distance, magnitude etc.) is unclear. Using nine GMPEs developed for
active tectonic regions, we show that the differences in these selections can have
a significant impact on the predicted ground motion levels. We present multiple
methods for defining GMPE input parameter rules, and these multiple methods
are compared with the response spectra obtained using the three BBP simulation
techniques validated by Dreger et al. (2013). Note that these simulations are an aid
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for improving GMPE implementation and are not representative of realistic hazard
levels for the area.

The Effect of Topography on the Seismic Wavefield
CAHAYANI, U., University of Alaska Fairbanks, Fairbanks, AK, ucahayani@
alaska.edu; TAPE, C., University of Alaska Fairbanks, Fairbanks, AK, carltape@
gi.alaska.edu

Weperforma series of seismicwavefield simulations in3Dstructuralmodels inorder
to quantify the effect of topography on seismic waveforms. Our procedure involves
three components: (1) constructing a finite-element, unstructured hexahedral
mesh, (2) performing seismic wavefield simulations, and (3) quantifying differences
between seismograms.Weconsider threedifferent structuralmodels: homogeneous,
layered, and realistic 3D variations. For each structural model we produce a mesh
with and without topography. For each of these meshes we produce a finer version
in order to demonstrate the minimum resolvable period for the coarser meshes.
The target regions are southern California and Alaska, both of which exhibit
large topographic variations and also have abundant seismic stations that allow for
comparisonswith recordeddata.Our simulations shows that the topographyhas the
strongest effects on surface waves, whereby a phase shift of the main arrival occurs
due to thedifferent thickness of theuppermost layer (which includes the topography
or not). Scattered waves are visible in the coda due to surface wave reflections that
occur off the direct source-station path. Our analysis emphasizes seismograms with
periods>= 1 s, with the motivation to understand the topographic signatures that
may influence measurements used within adjoint-based tomographic inversions
with earthquake data.

Long-Period Ground Motion Simulation for the 2007 Chuetsu-oki, Japan,
Earthquake using the Ambient Seismic Field
MIYAKE, H., University of Tokyo, Japan, hiroe@eri.u-tokyo.ac.jp; DENOLLE,
M. A., Stanford University now at UC San Diego, CA, mdenolle@usd.edu;
BEROZA, G. C., Stanford University, CA, beroza@stanford.edu

After the 2011 Tohoku earthquake, the Japanese government re-evaluated source
regions of megathrust potential, and the need for seismic hazard assessment for
long-period ground motions is increasing. Deterministic numerical simulations
have been used for long-period groundmotion prediction for decades.Here we take
an alternative approach of simulating long-period groundmotion using the ambient
seismic field. Long-time correlation of ambient field has been demonstrated as a
useful tool for strong groundmotion prediction (Prieto and Beroza, 2008; Denolle
et al., 2013, 2014). An advantage to applying this approach in Japan is that ambient-
field sources are active in diverse directions. The dominant period of the ambient
field for the NIED/F-net datasets is mostly 7 s over the year, and amplitudes are
largest inwinter.Thisperiodmatches thedominantperiodsof theKantoandNiigata
basins.We explore the applicability of ambient field Green’s function simulation of
long-period ground motions for the 2007 Mw 6.6 Chuetsu-oki crustal earthquake,
whichexcited large surfacewaves in andaround theKantobasin almost200kmfrom
the epicenter. We use three components of F-net broadband data at KZK station,
which is located near the source region, as a virtual source, and three components of
six F-net stations in and around theKanto basin to calculate the response in a period
range of 4 20 s.We use corrections for source depth and focalmechanismproposed
by Denolle et al. (2013). Long-period ground motions by numerical simulations
largely rely on 3-D velocity structure models. Current national models are limited
to 1 km spatial scale with minimum Vs of 350 to 500 km/s. Even though ambient
field Green’s functions may contain artifacts in amplitude due to an uneven source
distribution, paired with installations of ocean bottom seismometer network, they
will provide essential information for anticipating the effects of future megathrust
events.

Validation of the Equivalent Point-Source Method for Modeling Ground
Motions from Large Earthquakes
YENIER, E., Western University, London, ON, Canada, emrah.yenier@
gmail.com; ATKINSON, G. M., Western University, London, ON, Canada,
gmatkinson@aol.com

A common observation, as captured in empirical ground-motion prediction
equations, is that the distance-scaling of groundmotions saturates at close distances
to large earthquakes.Conventional point-sourcemodels cannotmimic this behavior
because the total energy is assumed to be released from a single point, leading
to monotonically increasing ground-motion amplitudes with decreasing distance.
However, the performance of point-source models can be improved by defining a
modified (or ‘equivalent’) distance at which the point source is considered to occur,
such that ground motions are correctly predicted at close distances. This approach
is referred to as equivalent point-source modeling.

In this study, we examine the ability of the equivalent point-source approach
to describe ground motions from large earthquakes, particularly at close distances.
We model the source and attenuation attributes of a suite of well-recorded
M≥6 earthquakes based on the equivalent point-source method, considering
also parameter trade-off issues. We select the best-fitting attenuation model for
each earthquake by regression analysis, using the residual statistics as a statistical
constraint, and the known seismic moment as a physical constraint. We develop
a model for the magnitude dependency of distance-saturation effects observed in
Fourier amplitudes, using the results obtained from study events. We conclude
that equivalent point-source models can successfully predict the average motions
from large earthquakes, and replicate the close-distance saturation effects seen in
recorded ground motions. This is a useful conclusion as it lays the foundation
for simplified modeling of expected ground motions in regions such as eastern
North America, where empirical ground-motion data from large events are
lacking.

Merging Paths: Earthquake Simulations and Engineering
Applications
Oral Session ·Thursday · 3:45 PM · 1May · Room 3 Session
Chairs: Ricardo Taborda, Aysegul Askan, and Tsuyoshi
Ichimura

Simulation of StructureSeismicResponseBasedonAnalyzing Fault-structure
System in Large Computing Environment
QUINAY, P. E. B., Niigata University RINHDR, Niigata, Japan, pequinay@
eng.niigata-u.ac.jp; ICHIMURA, T., University of Tokyo Earthquake Research
Institute, Tokyo, Japan, ichimura@eri.u-tokyo.ac.jp; HORI, M., University of
Tokyo Earthquake Research Institute, Tokyo, Japan, hori@eri.u-tokyo.ac.jp

Many physics-based earthquake simulation tools are increasingly being employed
for site-specific groundmotion estimation owing to the continuous advancement
in computation power, improvements in characterization of underground crust
structures and availability of fault information. In the engineering field, such
tools can be used to improve earthquake damage prediction to critical structures
or buildings in urban area. In this study we conducted a fault-structure system
analysis (combined earthquake simulation and analysis of building structure seismic
response): the geologic-length scale processes are solved in the first step, and the
second step analyzes engineering-length scale processes using the results in the
first step as input boundary condition. In order to realize the computation in
the first step within the range of frequencies relevant to engineering applications,
we developed a parallel earthquake simulator suited to multicore computers. This
simulator consists of parallel hybrid-grid mesh generator and a solver based on
implicit time integration scheme. To utilize the architecture of large computers
such as the K computer in Japan, the solver is implemented with MPI/OpenMP
parallelization. For the structure response analysis, we consider a small regionwhich
includes building structures and local soil.As apreliminary test,we considered aMw

6.4 scenario earthquakenear the city ofNiigata in Japan. First,we generated the crust
model in K computer. Then we created the force data based on modeling the fault
rupture using multiple point sources with varying starting times. For the soft soil
response analysis, a fine-meshedmodel of a region under the citywas generated. The
results were inputted as base excitation to a structure seismic response analysis tool,
Integrated Earthquake Simulator. We compared the response of several buildings
based on case examples highlighting the advantage of three-dimensional ground
motion modeling.

End-to-End Simulation of the Response of Building Clusters During
Earthquakes in the Presence of Coupled Soil-Structure Interaction Effects
TABORDA, R., University of Memphis, Memphis, TN, ricardo.taborda@
memphis.edu; ISBILIROGLU, Y., Carnegie Mellonn University, Pittsburgh, PA,
isbiliroglu@cmu.edu; BIELAK, J., Carnegie Mellon University, Pittsburgh, PA,
jbielak@cmu.edu

Wepresent results from various end-to-end simulations synthesizing the earthquake
fault, regional ground motion, and local response of building clusters during
earthquakes, including the presence of coupled soil-structure interaction effects.
Simplified structural models are used to represent the buildings arranged in regular,
homogeneous building clusters.We consider various clusters with different number
of buildings, building heights and separations. This parametric approach is possible
thanks to the use of a two-step finite element simulation procedure that allows us
to vary the cluster arrangements and building types as many times as needed, while
simulating the regional ground motion only once. The simulation corresponds
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to a model of the San Fernando Valley during the 1994 Northridge earthquake.
Through the simulations, we seek to characterize the coupling effects between
the soil, the foundation, and the structural response of individual buildings in the
presence of surrounding structures. To that end, we focus on the structural response
of the building at the center of the clusters. We also obtain the response of this
building in isolation (that is, without the presence of additional structures), and
with and without soil-structure interaction effects. This allows us to disaggregate
the different system-component contributions to its structural response.Our results
indicate that the soil-structure interaction and coupling effects in the systems
vary depending on the number and dynamic properties of the buildings, their
separation, and the impedance with respect to the soil, and reveal interesting group
effects.

City-Soil Interaction in the Valley of Mexico: Amplification and Long Duration
Ground Motion
RAMIREZ-GUZMAN, L., Institute of Engineering, UNAM, Mexico City,
Mexico, lramirezg@iingen.unam.mx; MACIAS CASTILLO, M., Institute
of Engineering, UNAM, Mexico City, Mexico, mamc@pumas.ii.unam.mx;
CONTRERAS, M., Centro Nacional de Prevencion de Desastres, Mexico
City, Mexico, moisescontreras@gmail.com; ZEPEDA, O., Centro Nacional
de Prevencion de Desastres, Mexico City, Mexico, ozr@cenapred.unam.mx;
AGUIRRE, J., Insitute of Engineering, UNAM,Mexico City, Mexico

We present a study of the built environment on the wave-fields that result from
earthquakes in Mexico City. Even though the ground motion due to earthquakes
in the city primarily originates in strong but distant sources, the amplification and
long duration of the records in the Lake Zone versus rock sites can be several
orders of magnitude larger. Several mechanisms have been proposed to explain the
anomalous groundmotion in theValley ofMexico (VM), e.g. gravitywaves, city-soil
interaction, and effects induced by the local and regional geological structures. We
analyze the influence of buildings on the wave-field using numerical simulations
with a f< 1Hz resolution and low shear wave velocities of 50m/s. The simulations
use a realistic model of the VM built using information from geophysical and
geotechnical experiments, and embedded into a regional model. The∼1.5 million
buildings used in our computations are derived from the available inventories of the
Mexican Federal District’s counties, LIDAR data, and empirical rules to determine
their elastic properties. The wave propagation is computed using a highly efficient
octree-based finite element implementation (Tu et al., 2006) for near (intraslab) and
distant (interplate) earthquakes, the June16th2013Mw=5.8 andMarch20th2013
Mw=7.4, respectively. We observe that the presence of the structures substantially
modifies the amplification of the ground motion, compared to the simulations
excluding the city. In general, the ground motion parameters are lower. More
importantly, we observe highly variable increments in the duration, especially in the
Lake/Transition Zone west of the city, where the density of the built environment
is higher compared to the rest of the city.

Nonlinear Time History Analyses of Structures Under Real and Synthetic
Ground Motions
KARIMZADEH, S., Middle East Technical University, Ankara, Turkey,
shaghayegh.karimzadehnaghshineh@metu.edu.tr; ASKAN, A., Middle East
Technical University, Ankara, Turkey, aaskan@metu.edu.tr; YAKUT, A., Middle
East Technical University, Ankara, Turkey, ayakut@metu.edu.tr; AMERI, G.,
Geoter Interntional, Auriol, France, gabriele.ameri@gmail.com

Full time series of ground acceleration is required for nonlinear timehistory analyses
which are employed for evaluating the dynamic response of a structure under
earthquake excitations. For regions with sparse ground motion data, alternative
ground motion simulation techniques are used to generate acceleration time series
with varying levels of accuracy. While using simulated records for engineering
purposes, it is critical to investigate the efficiency of these records in predicting
the real engineering demands. In the first part of this study, nonlinear time
history analyses of 9 typical multi-story reinforced concrete frame structures are
performed to compare structural responses to synthetic records with those to the
real ground motions of a particular event. The 2009 L’Aquila (Italy) (Mw=6.3)
earthquake is simulated using two alternative simulationmethods:Hybrid Integral-
Composite method and Stochastic Finite-fault method. Results of nonlinear time
history analyses from the real and synthetic records of the mentioned event are
compared in terms of maximum displacement of each story levels. We observe that
the stochastic finite fault method is found to be more conservative in predicting
the seismic responses of RC frame structures for this specific case. In the second
part of the study, to further test the validation of the Stochastic Finite Fault
method inpredictionof realdynamic responses, 1992Erzincanearthquake (Turkey)
(Mw=6.6) is considered. For this second event, results show that for cases where
near-field or basin effects are of concern, Stochastic Finite Fault method may not
sufficiently predict real responses.

Rupture to Rafters to Response: Completing the Loop of Earthquake Science,
Engineering and Policy
LIN, T., Marquette University, Milwaukee, WI, ting.lin@marquette.edu

Ground motion definition is the link between seismic hazard and structural
response, the first two elements of performance-based earthquake engineering.
Site- and structure-specific ground motion selection is enabled by improved
ground motion prediction and considerations of important seismic parameters
for nonlinear dynamic analyses. Ground motion databases are growing, with
denser instrumentation that provides more empirical recordings, high performance
computing that facilitates large-scale simulations, and breakthroughs in geophysical
understandingthatpushthe frontiers to thehigh-frequencyrange.Structuralmodels
are also evolving with enhanced accuracy and complexity to capture important
structural behaviors such as collapse, cumulative damage and ‘in-cycle’ strength
and stiffness degradation. In the past decade, significant progress has been made in
the performance-based earthquake engineering framework to interpret structural
performance results in terms of structural response, damage and loss. At the same
time,GreatShakeOutEarthquakeDrills areextendingbeyondCalifornia to improve
earthquake preparedness, with over 24.7 million participants worldwide in 2013.
The advancements in hazard characterization, structural modeling, performance
interpretation, and emergency response offer a unique opportunity to integrate
these elements to complete the loop of earthquake science, engineering and policy
to reduce risk.

Alaska Update of the USGSNational Seismic HazardMaps
Oral Session ·Thursday · 8:30 AM · 1May · Room 4
Session Chairs: Peter Haeussler, John Anderson andMark
Petersen

Challenges Facing the Update of the 2007 Probabilistic Seismic Hazard Map
of Alaska and the Aleutians
WESSON, R. L., U.S. Geological Survey, Denver, CO, rwesson@wispertel.net;
BOYD,O.S.,U.S.GeologicalSurvey,Denver,CO,olboyd@usgs.gov;MUELLER,
C. S., U.S. Geological Survey, Denver, CO, cmueller@usgs.gov; FRANKEL, A.
D., U.S. Geological Survey, Seattle, WA, afrankel@usgs.gov

The revision of the 2007 USGS PSHA map of Alaska and the Aleutians presents
challenges unique to Alaska as well as those common to many PSHA efforts. The
geologic and geophysical assumptions underlying the 2007 map require review and
new groundmotionmodels and their applicability to Alaska need to be considered.
While geologicdataonearthquake recurrence inAlaska continues to emerge, there is
considerably less informationavailable than inCaliforniaandother seismically active
portions of theUnited States. Particularly thorny issues relate to the segmentationor
lackthereof,andtherecurrencemodeltobeusedfortheAlaska-Aleutianmegathrust,
the Denali, the Fairweather-Queen Charlotte, Castle Mountain, and other long
active fault systems. Incomplete identification of active faults, lack of information
on activity of the Tintina fault system, and poor understanding of the tectonics
and sources of earthquakes in central Alaska contribute to uncertainty. The role of
aseismic slip in possibly limiting earthquake potential along themegathrust needs to
be revisited, as do the implications of slip-partitioning on the earthquake potential
at the far western end of the arc.Marine seismic surveys indicate that the Transition
Fault is characterized by strike-slip rather than thrust motion as assumed in 2007,
and the tectonic model of the so-called Yakataga Gap needs to be revisited in the
light of recent studies.

Updating the USGS Seismic Hazard Maps for Alaska
MUELLER, C. S., U. S. Geological Survey, Golden, CO, cmueller@usgs.gov;
WESSON, R. L., U. S. Geological Survey, Golden, CO, rwesson@usgs.gov;
BOYD, O. S., U. S. Geological Survey, Golden, CO, olboyd@usgs.gov; BUFE, C.
G., U. S. Geological Survey, Golden, CO, cbufe@usgs.gov; FRANKEL, A. D., U.
S. Geological Survey, Seattle, WA, afrankel@usgs.gov; PETERSEN, M. D., U. S.
Geological Survey, Golden, CO,mpetersen@usgs.gov

The U. S. Geological Survey (USGS) plans to update the national seismic hazard
maps forAlaska beginning in 2014.Themaps showprobabilistic, time-independent
ground motions for building codes and other applications. The current maps were
developed in 2007 (Wesson and others, USGS Open-File Report 2007 1043).
For the new maps we will revise and extend the earthquake catalog; update
source models for the Alaska-Aleutian megathrust fault, several crustal faults, and
seismicity-based sources; and implement new ground-motion-prediction relations.
In 2007 the megathrust was modeled as a segmented dipping plane, with segments
largely controlled by past great earthquakes, and recurrence estimated from seismic
history rather than plate rates. The update will incorporate new thinking on
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megathrust geometry, segmentation, and recurrence. In 2007 crustal faults in the
model included the Fairweather-Queen Charlotte system, the Denali-Totschunda
system, the Castle Mountain fault, crustal faults on Kodiak Island, and the
Transition fault, with recurrence estimated from geologic and paleoseismic data.
The update will incorporate an important new resource: the Quaternary fault
database recently developed by the Alaska Division of Geological and Geophysical
Surveys. Recurrence, geometry, and maximum-magnitude models for crustal and
Benioff-zone seismicity sourceswill be updated using the new catalog and seismicity
statistics.Wearehopeful that geodesywill play a greater role in theupdate. Improved
groundmotionequations for crustal and subductionearthquakeswill includeNGA-
West2 and BCHydro; in particular, new relations for subduction earthquakes use
major datasets from recent great earthquakes in Japan andChile. As in 2007, we also
plan to make time-dependent hazard maps that explicitly account for the elapsed
times since past earthquakes.

The Denali Fault Slip Rate and Models of Interior Alaska Active Deformation
HAEUSSLER, P. J., U.S. Geological Survey, Anchorage, AK, pheuslr@usgs.gov;
MATMON,A.,HebrewUniversity, Jerusalem, Israel,arimatmon@mail.huji.ac.il;
SCHWARTZ, D. P., U.S. Geological Survey, Menlo Park, CA, dschwartz@
usgs.gov; SEITZ, G., California Geological Survey, Menlo Park, CA, Gordon.
Seitz@conservation.ca.gov

The neotectonics of southern and central Alaska are characterized by a several-
hundredkm-widezoneof right-transpressionaldeformationacross theAlaskaRange
and theCookInlet region.TheDenali fault system(DFS) isby far the largestof these
active strike-slip fault systems andproduced the 2002M7.9Denali fault earthquake.
Previously, we used surface-exposure cosmogenic nuclide dating to show that the
Quaternary slip rate decreaseswestward along the central 275 kmof the fault system
from about 14 to 9 mm/yr. New cosmogenic slip rate data at Ripsnorter Creek
shows a slip rate of about 5 mm/yr on the western Denali fault. On the eastern
Denali fault near Kluane Lake, Yukon we infer a slip rate of about 3 4mm/yr from
offset geomorphic features and the estimated age of deglaciation. These data imply
the highest slip rate near the intersection of the Denali and Totschunda faults and a
decreasing slip rate to the east and west. The Denali fault system is transpressional
with active thrust faults both to the north and south. Those to the north parallel
the fault, in contrast to those to the south that branch off it. We infer the southern
thrust faults accommodate lateral slip, resulting in the westward decrease in slip
rate on the DFS. Models of deformation of southern Alaska can be considered as
having a range between two end members, with different implications for seismic
hazards. One is a purely rotational model where the region south of the DFS, the
southern Alaska block, rotates counterclockwise; in this case hazard is concentrated
along the DFS. Another is an indenter model, where the southern Alaska block is
moving northwestward and not rotating, resulting in widely distributed hazard on
both the DFS and thrust faults. We favor a combination of indentation, rotation,
and internal deformation of the southern Alaska block to explain the slip rate on
the DFS and the distribution and geometry of thrust faults north and south of the
Alaska Range.

Recurrence of Large Earthquakes Along the Denali Fault System
SCHWARTZ, D. P., USGS, Menlo Park, CA, dschwartz@usgs.gov;
HAEUSSLER, P. J., USGS, Anchorage, AK, phaeussler@usgs.gov; SEITZ,
G. G., California Geological Survey, Menlo Park, CA, Gordon.Seitz@
conservation.ca.gov; KOEHLER, R. D., Alaska DGGS, Fairbanks, AK,
richard.koehler@alaska.gov; PERSONIUS, S. F., USGS, Golden, CO,
personius@usgs.gov; CRONE, A. J., USGS, Golden, CO, crone@usgs.gov;
DAWSON, T. E., California Geological Survey, Menlo Park, CA, Timothy.
Dawson@conservation.ca.gov

TheDenali fault system (DFS) is themajor active crustal structure of interiorAlaska
and the source of the M7.9 2002 Denali fault earthquake. Evidence obtained since
2002 of the timing of paleoearthquakes at 17 locations along the DFS between
Denali National Park, AK and Kluane Lake, Yukon Territory provides preliminary
characterizationofDFSrecurrence. 1)At least four large earthquakesoccurredalong
the 2002Denali-Totschunda rupture section during the past∼1300 years.Of these,
the Denali penultimate rupture occurred between 350 570 yrb02 (radiocarbon
calibrated years before 2002) and is more recent than the Totschunda penultimate
event, which occurred 580 735 yrb02. The third event back on the Denali,
705 1070 yrb02, pre-dates the third back event on the Totschunda at 1180 1390
yrb02. 2) On the eastern Denali the most recent event (MRE) and penultimate
ruptures occurred between 100 350 yrb02 and shortly before 600 700 yrb02,
respectively. 3) The Denali west of the 2002 rupture contains geomorphically fresh
scarps; itsMRE likely occurred within the past 250 years and the penultimate event
was between 570 680 yrb02. These observations suggest the DFS is a segmented
system that includes the 2002 rupture, segments west and east of the 2002 rupture,
as well as the Totschunda fault, with each capable of rupturing independently or,

as occurred in 2002, failing together. Recurrence of large earthquakes at any point
along the DFS in Alaska east of Denali (Mt. McKinley) is approximately 400 650
years;Yukon section intervals are longer, averaging1000 years. If presently identified
segments remain essentially independent the average recurrence for a large rupture
somewhere along the DFS is about 125 years. Structural isolation, a relatively high
slip rate (9 15 mm/yr), and recurrence and slip/event observations suggest that
the recent behavior of the DFS is consistent with both time and slip-predictable
recurrence models.

Synthesis of Results from a Transect of Paleoseismic Investigations Across
the Alaska Range
BEMIS, S. P., University of Kentucky, Lexington, KY, sean.bemis@uky.edu;
WALKER, L. A., University of Kentucky, Lexington, KY, laurel.walker@uky.edu;
FEDERSCHMIDT, S., University of Kentucky, Lexington, KY, sara.
federschmidt@uky.edu; DEVORE, J. R., University of Kentucky, Lexington, KY,
joshua.devore23@uky.edu; TAYLOR, T. P., University of Kentucky, Lexington,
KY, patrick.taylor55@uky.edu

Recent recognition of previously unknown active faults in the Alaska Range
of south-central Alaska has contributed to an evolving understanding of the
neotectonic framework of the Denali fault system and south-central Alaska. As a
strain-partitioned transpressional orogen, the Alaska Range is dominated by the
right-lateral Denali fault and Denali-fault parallel thrust faults that accommodate
shortening across the range. To document seismic hazards and constrain fault
system behavior, we have undertaken paleoseismic investigations on all 5 active
fault zones that intersect the Parks Highway/Nenana River corridor through the
Alaska Range. We have excavated a total of 11 paleoseismic trenches across 5
active fault traces, specifically the Denali fault, Hines Creek fault (aka Park Road
fault), Healy fault, Healy Creek fault, and Northern Foothills thrust. Except for
the Denali fault, these were the first paleoseismic studies on these faults. All faults
display evidence for Holocene surface-rupturing earthquakes, and we have clearly
defined evidence for multiple late Holocene earthquakes on the Denali fault and
Hines Creek faults. All faults along this transect require additional research for full
seismic hazard documentation and each fault trace possesses potential for fruitful
future studies. The Healy Creek fault, its stepover to the Stampede fault, and the
Northern Foothills thrust notably require additional paleoseismic investigations to
constrain themost recent event.However, with the long history of regional tectonic
interpretations of southern Alaska based upon limited data, any new control on
paleoearthquake occurrence and slip rates for active faults in this region has the
potential to provide substantial contributions to regional tectonic understanding
in addition to potential hazards.

Implications of Recent Paleoseismic Observations for Models of Alaska-
Aleutian Megathrust Rupture Patterns
BRIGGS, R.W., US Geological Survey, Golden, CO, rbriggs@usgs.gov;
WITTER, R. C., US Geological Survey, Anchorage, AK, rwitter@usgs.gov;
NELSON, A. R., US Geological Survey, Golden, CO, anelsong@usgs.gov;
KOEHLER, R. D., State of Alaska, Division of Geological Surveys,
Fairbanks, AK, richard.koehler@alaska.gov; HAEUSSLER, P. J., US
Geological Survey, Anchorage, AK, pheuslr@usgs.gov; ENGELHART, S.
E., Department of Geosciences, University of Rhode Island, Kingston, RI,
engelhart@mail.uri.edu;GELFENBAUM,G.,USGeologicalSurvey,SantaCruz,
CA, ggelfenbaum@usgs.gov; DURA, T., Department of Earth and Env. Science,
University of Pennsylvania, Philadelphia, PA, dura@sas.upenn.edu; CARVER,
G., Kodiak, AK, cgeol@acsalaska.net

Herewe summarize post-2007 paleoseismic observations along theAlaska-Aleutian
megathrust and suggest that the next update of the USGSNational SeismicHazard
Map(NSHM)forAlaskaallowforagreatervarietyofmulti-segmentruptures, revisit
maximummagnitudes (Mmax), and relax the assumption that segment boundaries
match historical rupture boundaries.

The 2007NSHMmodel allowed a characteristicM9.2 earthquakewith 650-
year recurrence to rupture the Kodiak and PrinceWilliam Sound (PWS) segments.
Recentwork by Shennan et al. (2009) suggests that theYakataga andPWS segments
have ruptured together, and that the NSHM update should consider alternate
multi-segment ruptures supported by paleoseismic data.

The 2007 model fixed the 1964 rupture boundary between the Kodiak and
Semidi segments. Our observations at Sitkinak Island of the 1964, 1788, and earlier
ruptures suggest that this boundarymay not persist at time scales relevant for hazard
calculations.

Our observations at Chirikof Island suggest that the Semidi segment has
generated tsunamis every 250 400 years for the past∼3.4 ka, but it is not yet clear
if the 1938M8.2 rupture releasedmore or lessmoment than the 1788 rupture. This
is important for time-dependent calculations and for re-evaluation of Mmax=8.5
for the Semidi segment.
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AtSimeonof Island in theShumagin segment,we findnogeologic evidence for
sudden coastal uplift or subsidenceor for inundation from large tsunamis since∼3.4
ka. Although elastic dislocation models permit ruptures of up toM 8.5 trenchward
of the island, an absence of high tsunami deposits on Simeonof implies suchmodels
are unlikely.

Finally, tsunami deposits at Sedanka and Umnak Islands suggest 280 320 yr
recurrence of heterogeneous ruptures in the area of the 1957 M 8.6 earthquake.
Uncertainty in past rupture behavior in the western Aleutians segment supports
continued use of truncatedGutenberg-Richter behavior until more specific rupture
patterns are defined.

GPS-Derived Fault Geometries and Slip Rates for Eastern Prince William
Sound and the St. Elias Orogen
ELLIOTT, J., Purdue University, West Lafayette, IN, julieelliott@purdue.edu;
FREYMUELLER, J. T., University of Alaska Fairbanks, Fairbanks, AK,
jeff.freymueller@gi.alaska.edu; LARSEN, C. F., University of Alaska Fairbanks,
Fairbanks, AK, chris.larsen@gi.alaska.edu

The region between Prince William Sound and Yakutat Bay has generated several
major earthquakes in recorded history, including theM9.2 1964Alaska earthquake,
the M7.3 1979 St. Elias earthquake, and the M8 1899 earthquake that occurred in
the vicinity of Cape Yakataga. Detailed geodetic estimates of geometries and slip
rates for the faults involved in these events have been limited by the sparseness of
the available data. We use data from nearly 70 campaign and continuous GPS sites
to estimate slip rates and fault geometries for faults throughout the region.

Our results suggest that a shallowly dipping (5 degrees) locked subduction
interface between the Yakutat block and southern Alaska underlies the area from
PrinceWilliam Sound to the eastern side of the Bering Glacier. This estimate of the
locked extent of the interface reaches further east and inland than previous geodetic
estimates and agrees with paleoseismic studies that suggest that past megathrust
events ruptured further east than the 1964 earthquake. The interface underlying
areas inboard of the coast appears to be fully locked, with slip deficit rates of 45 50
mm/yr. The interface underlying the coastal margin and the offshore regions is
partially locked, with slip deficit rates of 20 35 mm/yr. The exception is the area
northwest of Cordova, which is fully locked with a slip deficit rate of 50 mm/yr. To
the east of the Bering Glacier, the subduction interface appears to be creeping, with
the exception of a small locked region to the north ofMount St. Elias that coincides
with the epicenter of the 1979 event. Above the eastern interface, there are several
crustal thrust faults that likely sole out into the decollement. Together, these faults
accommodate nearly 40 mm/yr of convergence within a relatively narrow region
near the coast. The fault systemwith the largest slip deficit rate (20 25mm/yr) runs
through theYakataga area and continues offshore, posingpotential tsunamihazards.

The Castle Mountain Fault, South-Central Alaska: Sense of Slip and Slip Rate
KOEHLER, R. D., State of Alaska, Division of Geological &Geophysical Surveys,
Fairbanks, AK, rich.koehler@alaska.gov; REGER, R. D., Reger’s Geologic
Consulting, Soldotna, AK, rdreger@acsalaska.net

The Castle Mountain fault extends along the southern Talkeetna Mountains range
front and across the Susitna Lowland, presenting a major seismic hazard to the
city of Anchorage, Alaska, and the surrounding region. The 2007 update of the
USGSNational SeismicHazardMap (NSHM) forAlaska assigned the fault a faster
slip rate (0.5 to 2.9 mm/yr) and lower Mmax (7.5 to 7.1), resulting in a substantial
increase in the seismic hazard from the 1999map. In the SusitnaLowland the fault is
expressed as a distinct south-facing scarp; however, paleoseismic studies are few and
considerable uncertainty exists regarding the timing of past earthquakes, slip rate,
and sense of slip. Here we present interpretations of LiDAR-derived topography
and the results of field surveys that were conducted to re-examine the sense of slip
and slip rate.

BetweenHouston and SusitnaRiver, surficial geologicmapping indicates that
the fault displaces late Elmendorf (14 15 ka) glacial andHolocene unconsolidated
deposits with scarps varying in height from ∼ 0.5 5 m. The surface expression
of the fault includes left-stepping en echelon scarps and grabens located up to
400 m north of the scarp, indicating a wide zone of deformation. Numerous
Holocene landforms oriented orthogonal to the scarp are vertically offset and have
no discernible lateral displacement. These observations are consistent with reverse
faulting above a north-dipping fault associated with bending-moment grabens in
the hanging wall. Our observations conflict with the lateral sense of slip and slip
rate presently used in the NSHM.We suggest that the fault may be more accurately
characterized as a reverse fault, which is consistent with our field observations
and the presence of a 4-km-wide anticline north of the fault. If our interpretation
of dominantly reverse faulting along the Castle Mountain fault is correct, then
displaced glacial deposits at >20 locations implies a Holocene vertical slip rate of
∼0.5 mm/yr.

New Seismic Hazard Model for North-Western Canada
ALLEN, T. I., Geological Survey of Canada, Sidney, BC, Canada,
tallen@nrcan.gc.ca; ADAMS, J., Geological Survey of Canada, Ottawa,
ON,Canada; ROGERS, G. C., Geological Survey of Canada, Sidney, BC,Canada;
HALCHUK, S., Geological Survey of Canada, Ottawa, ON, Canada

TheGeologicalSurveyofCanadahas recently completed thenational seismichazard
maps to underpin earthquake loading provisions for the 2015 National Building
Code of Canada. This process involved reassessment and revision of earthquake
sources in the Canadian Arctic, northern British Columbia and adjacent Alaska.
Area sources are defined through a multi-tiered approach in a GIS framework. The
key thematic layers used to guide the classification of area sources are; historical
earthquake epicentres; tectonic elements; gravity and magnetic anomalies; and
multi-resolution topography and bathymetry.

For the first time, hazard from crustal faults in Yukon, and adjacent Alaska is
calculated based on GPS- and paleoseismic-based slip rates. Maximum magnitude
for each fault source is determined frompublishedmagnitude-area scaling relations.
Hazard along the offshore Queen Charlotte and Fairweather faults is also now
predominantly based on crustal deformation rates, withminor contributions to off-
fault hazard from historical seismicity. In acknowledgement of the MW 7.7 2012
Haida Gwaii thrust earthquake, we partition the slip between the strike-slip Queen
Charlotte fault and the shallowly-dipping Haida Gwaii thrust source modelled as a
subduction source.

A regional tectonic model, supported by GPS deformation rates and
earthquake focal mechanisms (Leonard et al., JGR, 2007), suggests that observed
northerly motion from Yukon continues to the Beaufort Sea margin. The inferred
convergence in theMackenzieDelta region couldmanifest itself through infrequent
large earthquakes with very few small events. Based on this hypothesis, a new
Beaufort-Mackenzie Convergence zone allows for the possibility of seismogenic
thrusting (up toMW 7.8) beneath the delta sediments.

Site-Specific Probabilistic Seismic Hazard Analyses of Anchorage, Alaska
and Comparison to the 2007 National Seismic Hazard Maps
WONG, I., URS Corporation, Oakland, CA, ivan.wong@urs.com;
ZACHARIASEN, J., URS Corporation, Oakland, CA, judy.zachariasen@
urs.com; DOBER, M., URS Corporation, Oakland, CA,mark.dober@urs.com

We have been performing site-specific probabilistic seismic hazard analyses for sites
located in Anchorage, Alaska. The city is situated in one of the most seismically
active regions in the U.S. The Alaskan subduction zone, which underlies the city,
was the source of the 1964 <b>M</b> 9.2 Great Alaska earthquake. Wadati-
Benioff earthquakes within the subducting Pacific plate and nearby crustal faults
could also generate future strong ground shaking in the city. Unlike the National
Seismic Hazard Maps (NSHM), we consider all active and potentially active fault
sources that could affect Anchorage. For example in the Anchorage area, the 2007
NSHMs included only theCastleMountain fault as a crustal fault source because of
the lack of fault studies in the region. The nearbyCook Inlet faults are characterized
in our analyses based on the studies of Haeussler et al. (2002). The uncertainties
for all fault parameters are handled through the use of logic trees. We quantify the
uncertainties in the seismogenic capability of all faults by assigning probabilities
of activity. Our characterization of the Alaskan subduction zone megathrust uses
many of the parameters used in the 2007 NSHMs with some revisions based on
recent paleoseismic studies. Unlike the NSHM’s use of horizontal zones of gridded
seismicity, we modeled the Wadati-Benioff zone as a dipping slab. We calculated
recurrence for intraslab earthquakes in the historical catalog identified using the slab
geometry. Both a uniform source zone and gridded seismicity were included in our
probabilistic analyses. We used recent subduction zone ground motion prediction
models (e.g., Abrahamson et al., 2013) and the NGAWest-2 models. The intraslab
zone dominates the PGA hazard. For long-period ground motions (e.g., 1.0 sec or
more), themegathrust generally controls the hazard.We compare these site-specific
hazard results in Anchorage to the 2007 NSHMs.

Seismic Imaging as USArrayMoves to Alaska
Oral Session ·Thursday · 1:30 PM · 1May · Room 4 Session
Chairs: Carene Larmat, Frank Vernon, and BobWoodward,
and LindsayWorthington

Seismic Velocity Structure and Anisotropy of the Alaska Subduction Zone
Derived from Surface Wave Tomography
WANG,Y.,U.AlaskaFairbanks, Fairbanks,AK,ywang@gi.alaska.edu;TAPE, C.,
U. Alaska Fairbanks, Fairbanks, AKUSA, carltape@gi.alaska.edu
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The Aleutian-Alaskan subduction zone is extremely active and driven by
northwesterly subduction and collision of the Pacific/Yakutat plate. Better
structural models of the crust and upper mantle are needed in order to constrain
geodynamic models, which have examined the mantle flow at the eastern edge
of the subduction zone. Tomographic studies have been performed based on
short-period P and S body-wave traveltimes, either from local or global events, but
Alaska structure remains unclear, partly because it has only been imaged from a
small portion of the seismic wavefield. In this study, surface waves are used for the
first time to investigate the structure of the Alaska-Yakutat-Wrangell subduction
system at the eastern end of the Aleutian-Alaska subduction zone. Rayleigh waves
are used within a two-plane wave representation with finite frequency sensitivity
kernels to image the seismic velocity structure of the crust and upper mantle.
The data set comprises 400 earthquakes Mw >= 6.0 at epicentral distances
30 120 degrees, and 168 broadband stations within Alaska (both permanent and
temporary stations), for a total of 9865 source-station paths. Cross-correlation
phase and amplitude measurements of Rayleigh waves over periods 22 s to 143 s
provide maximal sensitivity to structures between in the depth range ∼30 200
km. The 3D shear velocity model reveals a fast velocity anomaly associated with
the subduction zone in the depth range of ∼90 210 km and likely deeper. The
onshore portion of the Yakutat block is associated with a slow anomaly at depths
shallower than 70 km. Azimuthal anisotropy of phase velocity at 40 s shows an
NW-SE fast direction in the Gulf of Alaska that continues into the backarc, which
agrees with the convergence direction between the Pacific and North America
plates. Anisotropy also shows abrupt fast direction change surrounding subsurface
boundary of the Yakutat block, as identified by Eberhart-Phillips et al. (2006).

Seismic Imaging along a Dense Broadband Transect through Central Alaska
ABERS, G. A., Lamont-Doherty Earth Observatory of Columbia University,
Palisades, NY, abers@ldeo.columbia.edu; CHRISTENSEN, D. H., Geophysical
Institute, University of Alaska, Fairbanks, AK, doug@giseis.alaska.edu

Alaska has North America’s longest and seismically active subduction zone. Over
the last 15 years a series of broadband arrays have been deployed across its eastern
end in central Alaska, including the Broadband Experiment Across the Alaska
Range (BEAAR) and Multidisciplinary Observations Of Subduction (MOOS),
together sampling a 450 km transect at 10 15 km spacing. The arrays provide
scattered-wave migration images of the subduction zone. The rupture zone of
the great (Mw9.2) 1964 earthquake shows a narrow low-velocity channel without
thrust-faulting focal mechanisms, although abundant seismicity lies within the
subducting plate. Where the subducting crust reaches mantle depths the thick
low-velocity crust of the subducting Yakutat oceanic plateau is imaged. That
seismically disappears at 130 km depth with eclogitization. Seismic attenuation
shows 10 50× variations within the overlying mantle wedge. A cold high-Q
forearc nose abruptly transitions where the plate interface reaches 80 km depth to
low-Q, hot and presumably flowing asthenosphere, constraining thermal structure.
Shear-wave splitting from arrays and others, from Pacific to Arctic coasts, show
Alaska divided in two domains. Fabric rotates 90 degrees where the subducting
plate is 80 km deep, i.e. where the mantle wedge transitions from cold to hot. The
southern domain shows convergence-parallel fast directions for all plate depths,
indicating sub-slab flow or fabric. The northern domain shows slab-parallel fast
directions. Because delay times correlate strongly with thickness of the mantle
wedge, a dominant component of the northern fabric comes from the mantle
wedge, perhaps along-strike flow. However, that fabric continues far into North
America where it parallels absolute plate motion. USArray will provide critical
data to resolve the interaction between subduction- and plate-scale flow, to see the
extent to which subduction leaves an imprint far inland from the trench.

Imaging theMegathrust ZoneandYakutat/PacificPlate Interface in theAlaska
Subduction Zone
KIM, Y., Seoul National University, Seoul, S. Korea, younghkim@snu.ac.kr;
ABERS, G. A., LDEO, Columbia University, Palisades, NY, abers@
ldeo.columbia.edu; LI, J., LDEO, Columbia University, Palisades, NY,
jiyao.lee@gmail.com; CHRISTENSEN, D., University of Alaska Fairbanks,
Fairbanks, AK, doug@giseis.alaska.edu; CALKINS, J., LDEO, Columbia
University, Palisades, NY, jcalkins@ldeo.columbia.edu; RONDENAY, S.,
University of Bergen, Bergen, Norway, rondenay@geo.uib.no

We image the subducted slab underneath a 450 km long transect of the Alaska
subduction zone. Densely spaced stations in southern Alaska are set up to
investigate (1) the geometry and velocity structure of the downgoing plate and
their relationship to slab seismicity, and (2) the interplate coupled zone where
the great 1964 earthquake exhibited the largest amount of rupture. The joint
teleseismic migration of two array datasets based on teleseismic receiver functions
(RFs) reveals a prominent, shallow-dipping low-velocity layer at ∼25 30 km

depth in southern Alaska. Modeling of RF amplitudes suggests the existence of
a thin low-velocity layer (Vs of ∼2.1 2.6 km/s) that is ∼20 40% slower than
underlying oceanic crustal velocities, and is sandwiched between the subducted slab
and the overriding North America plate. The observed low-velocity megathrust
layer may be due to a thick sediment input from the trench in combination
with elevated pore fluid pressure in the channel. Both velocities and thickness
of the low-velocity channel increase downdip in central Alaska, in agreement
with previously published results. Our image also includes an unusually thick
low-velocity crust subducting with a ∼20 degree dip down to 130 km depth at
approximately 200 km inland beneath central Alaska. The unusual nature of this
subducted segment results from the subduction of theYakutat terrane crust.We also
show a clear image of the Yakutat and Pacific crust subduction beneath the Kenai
Peninsula, and the along-strike boundary between them at megathrust depths. Our
imaged western edge of the Yakutat terrane, at 25 30 km depth in the central
Kenai along the megathrust, aligns with the western end of a geodetically locked
patch with high slip deficit, and coincides with the boundary of aftershock events
from the 1964 earthquake. It appears that this sharp change in the nature of the
downgoing plate could control the slip distribution of great earthquakes on this
plate interface.

Seismic Tomography of Alaskan Volcanoes: Accomplishments and
Opportunities
THURBER, C., University of Wisconsin-Madison, Madison, WI, thurber@
geology.wisc.edu; ZHANG, H., University of Science and Technology of China,
Hefei, Anhui, China, zhang11@ustc.edu.cn; PREJEAN, S., Alaskan Volcano
Observatory, Anchorage, AK, sprejean@usgs.gov;HANEY,M., AlaskanVolcano
Observatory, Anchorage, AK,mhaney@usgs.gov; OHLENDORF, S., University
of Wisconsin-Madison, Madison, WI, summer@geology.wisc.edu; LEMON, S.,
University of Wisconsin-Madison, Madison, WI; BROWN, J., Miami University
of Ohio, Pasadena, CA, jrbrown5@gmail.com

The Alaska Volcano Observatory (AVO) was established in 1988 as a cooperative
program of the U.S. Geological Survey (USGS), the Geophysical Institute at
the University of Alaska Fairbanks, and the Alaska Division of Geological &
Geophysical Surveys. The primary objectives of the AVO seismic program are real-
timemonitoring of active hazardous Alaskan volcanoes and investigation of seismic
processes associated with active volcanism. Most of the monitored volcanoes have
small networks of 4 to 7 seismic stations, and the seismometers are primarily short-
period, vertical-component. Network geometries are unfavorable inmany cases due
to logistics, and weather and funding limitations result in significant station down-
time. Despite these challenges, AVO has collected a rich dataset that is suitable for
a diverse suite of studies.

In 2004, with support from the National Science Foundation and the USGS,
University of Wisconsin-Madison and AVO scientists began working together to
improve the quality of the earthquake locations at particular volcanoes using the
data collected by AVO over the years. One valuable aspect of this work is the
ability to determine precise locations of possible precursory seismic activity relative
to relocated catalog events in near-real-time, thereby enhancing AVO’s monitoring
efforts. In some cases, the data are also sufficient for body-wave tomography analysis.
Several of these tomography studies built on previous work by AVO and other
scientists, for example Benz et al. (1996) for Redoubt, Power et al. (1998) for
Spurr, and Jolly et al. (2007) for the Katmai group.More recently, the availability of
continuous seismic data has enabled the application of ambient noise tomography,
with published work to date for Okmok and Katmai. I will provide an overview
of these studies, including new work on joint body wave-surface wave tomography,
and highlight some opportunities for future research as Alaska becomes a focus for
EarthScope and GeoPRISMS.

Seismicity of Alaska 1973 2013: A Well-constrained Catalog of Earthquake
Locations Using Multiple Event Relocation Methods
BENZ, H., USGS, Golden, CO, benz@usgs.gov; MYERS, S., LLNL, Livermore,
CA, myers30@llnl.gov; JOHANNESSON, G., LLNL, Livermore, CA,
johannesson1@llnl.gov; BERGMAN, E., Global Seismological Services, Golden,
CO, bergman@seismo.com; EARLE, P., USGS, Golden, CO, pearle@usgs.gov;
HAYES, G., USGS, Golden, CO, ghayes@usgs.gov

The USGS National Earthquake Information Center (NEIC) used the Lawrence
LivermoreNational Laboratory (LLNL) code Bayesloc to producewell constrained
multiple event relocations of more than 10,000 earthquakes (complete to∼M4.5)
within a region extending from southeasternAlaska (∼130W) to the western-most
Aleutian arc (∼175E). Bayesloc is a probabilistic approach for earthquake location
that simultaneously assesses hypocenter, phase association, travel time corrections
and estimates of theprecisionof travel timemeasurements toproduce a refined set of
high-quality earthquake locations and associated (realistic) uncertainties. The input
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datasets are a combination of local, regional and teleseismically derived location and
phase information from the NEIC PDE and International Seismological Center
(ISC) catalogs. A limited number of well-calibrated earthquake locations are used
as a priori constraints. Results show thatwe can improve earthquake locations across
a broad region of Alaska with systematic migration of epicenters averaging∼7 km
and location errors reduced by a factor of 2. The largest shifts in location occur in
the Aleutian arc.

This work represents a pilot study for a broader research project to relocate
the global seismicity catalog (ISC/GEM) from 1900 to present. Our intent is
to significantly improve absolute earthquake locations in particular, within
subduction zones to: 1) improve USGS models of slab geometry (Slab 1.0 and
derivatives); 2) better characterize long-term hazards of subduction zones based on
improved understanding on the spatial variability of moment; and 3) significantly
improve our understanding of fault kinematics from comparative studies of rupture
extent (finite fault modeling) and associated aftershock distributions.

Tracking Glaciers with the Alaska Seismic Network
WEST, M. E., Alaska Earthquake Center, University of Alaska, Fairbanks, AK,
mewest@alaska.edu

More than 40 years ago it was known that calving glaciers in Alaska created
unmistakable seismic signals that could be recorded tens andhundreds of kilometers
away.Their longmonochromatic signals invited studies that foreshadowed themore
recent surge in glacier seismology. Beyond ahandful of targeted studies, these signals
have remained a seismic novelty. No systematic attempt has been made to catalog
and track glacier seismicity across the years. Recent advances in understanding
glacier sources, combined with the climate significance of tidewater glaciers, have
renewed calls for comprehensive tracking of glacier seismicity in coastal Alaska. The
Alaska Earthquake Center has included glacier events in its production earthquake
catalog for decades. Until recently, these were best thought of as bycatch-accidental
finds in the process of tracking earthquakes. Processing improvements a decade ago,
combined with network improvements in the past five years, have turned this into a
rich data stream capturing hundreds of events per year across 600 km of the coastal
mountain range. Though the source of these signals is generally found to be iceberg
calving, there are vastdifferences inbehaviorbetweendifferent glacier termini. Some
glaciers have strong peaks in activity during the spring, while others peak in the late
summer or fall. These patterns are consistent over years pointing to fundamental
differences in calving behavior. In another example, at Columbia glacier, activity
began abruptly at the same time as a known change in the grounding conditions
at the terminus. These observations illustrate that the current network is faithfully
capturing the dynamic behavior of several glaciers in coastal Alaska. I consider, in
addition, what might be possible going forward with dedicated detection schemes.

Automated Surface Wave Phase Velocity Measuring System and its
Application on USArray
JIN, G., Lamont-Doherty Earth Observatory, Columbia University, Palisades, NY,
ge.jin@ldeo.columbia.edu; GAHERTY, J., Lamont-Doherty Earth Observatory,
Columbia University, Palisades, NY, gaherty@ldeo.columbia.edu

Earthquake surface waves are recorded by dense seismic arrays as a strong and
consistent signal among the stations. By taking advantage of the wavefield similarity
of nearby stations, we have developed a new technique to estimate surface wave
phase velocities precisely and automatically.

First, a timewindow to isolate fundamental-mode surface wave energy is built
based on the group delays of all frequency bands of interest. We then calculate
multi-channel broadband cross-correlation functions of the isolated waveforms
from nearby stations, and fit narrow-band filtered cross correlations with a five-
parameter controlled wavelet to retrieve the optimized phase difference at a range
of frequencies. The amplitude of this cross-correlation function can be used to
estimate the coherence, which together with signal to noise ratio (SNR) are the two
key factors to exclude unqualified measurements.

The phase difference information between all the nearby station pairs for each
event at each frequency is thenusedas the input to anEikonal tomographic inversion
for two-dimensional estimatesof apparentphase velocity.Wemeasure the amplitude
of each station by adapting the same process on the auto-correlation function and
performHelmholtz tomography to estimate and remove interference (focusing and
defocusing) effects. Finally, we stack the measurements of each individual event to
get the final phase-velocity tomogram in each frequency band.

The entire process requires no human interaction and is highly automated.
This method can be applied on data from arrays of various apertures, ranging from
continental scale such as USArray, to regional scales (few hundred km) typical
of PASSCAL arrays, to local-scale high-frequency arrays employed in industry
and hazard investigations. By combining this analysis with programmable data
acquisition services such as IRIS DMCweb services, we set up an automatic system
providing up-to-date surface wave phase velocity maps of USArray.

Resurrection Plate Revisited: Does a New Kinematic Model of the Yakutat,
Crescent, and Siletz Terranes Solve an Old Puzzle?
MCCRORY, P. A., US Geological Survey, Menlo Park, CA, pmccrory@usgs.gov;
WILSON, D. S., University of California, Santa Barbara, CA, dwilson@
geol.ucsb.edu

Forward kinematic modeling of Kula, Farallon (FAR), and Juan de Fuca plate
motion as well as motion of the Yellowstone hotspot (YHS) relative to the Pacific
(PAC) plate reconciles previously conflicting interpretations regarding the origin of
Paleogene oceanic terranes currently stranded against the western North America
(NAM) continentalmargin. By including a defunctResurrection (RES) plate in our
reconstruction of NAM, we are able to account for the Yakutat terrane in Alaska
as well as the Siletz and Crescent terranes in the Pacific Northwest as remnants of
a FAR-RES ridge segment that transferred to the NAM plate margin from ∼53
to 42 Ma. The similarities between Yakutat and Crescent basalts [Davis & Plafker,
1986, Geology] can be explained by their having previously been adjacent parts of
the RES plate. Under a simple model that the RES plate was captured by the PAC
plate at the same time as the Kula plate at∼40 Ma, the distance between Yakutat
and Crescent terranes may have been only a few hundred km at 50 Ma, with both
formed near the YHS. Currently separated by more than 1500 km, the Yakutat
terrane must have been moving northward with the PAC plate for most of the time
since its formation.

Partial subduction of N. Yakutat and Crescent (RES) plate fragments
and accretion of Siletz (FAR) and S. Yakutat fragments complicate the 3D
structure of the Aleutian and Cascadia forearcs. The Siletz and Crescent terranes
continue to move within the forearc. The Yakutat terrane includes the asperity
that broke during the M9.2 1964 Alaskan earthquake, raising concerns about
the seismogenic behavior of the other oceanic fragments, in particular, whether
they might also act as asperities. Their rigid lower crust may also preclude
aseismic strain dissipation at fault rupture ends promoting subsequent forearc
earthquakes. Our kinematic model of mobile terranes provides insights into the
3D structure of these forearcs and its relationship to ongoing seismotectonic
processes.

Lithospheric Modification at the Southern Edge of Laurentia Revealed by
Broadband Seismology
PULLIAM, J., Baylor University, Waco, TX USA, jay_pulliam@baylor.edu;
GRAND, S. P., University of Texas at Austin, Austin, TX USA,
steveg@jsg.utexas.edu; GURROLA, H., Texas Tech University, Lubbock, TX
USA, HAROLD.GURROLA@ttu.edu

The southern margin of Laurentia has been modified by a wide range of tectonic
processes, including deformation due to repeated orogenies and continental
collisions (Llano, Ancestral Rockies, Ouachita, Laramide) as well as ongoing
rifting (at the Rio Grande Rift) and completed rifting (which created the Gulf
of Mexico). Artifacts of these processes are likely to remain at lithospheric depths
but, until recently, the tools needed to examine 3D structure at mantle depths
beneath the region were not available. With the passage of the EarthScope’s
USArray and two targeted broadband deployments, new images of the region’s
lithosphere have emerged. These reveal lithospheric-scale anomalies that correlate
strongly with surface features, such as a large fast anomaly that corresponds to
the southern extent of the Laurentia (or ‘Great Plains’) craton and a large slow
anomaly associated with the Southern Oklahoma Aulacogen. Other features were
unanticipated, including slow shear velocities beneath the Texas-GoM margin, a
layer that is bounded at its top and bottom by seismic discontinuities, and high
levels of seismic anisotropy. Additionally a high velocity body underlying the
Gulf Coast Plains may mark delaminating lower crust. If so, it provides indirect
evidence that active rifting best describes the process that lead to the opening
of the GoM.

Lithospheric thinning associated with the Rio Grande Rift appears to be
propagating eastward and eroding the Great Plains craton. A large, seismically fast
anomaly imaged beneathwestTexas and southeasternNewMexico has implications
for the region’s structural evolution. The size, seismic velocity, and location of this
anomaly suggests that it may be the result of a ‘step instability,’ in which progressive
deformation has locally removed mantle lithosphere beneath the eastern flank of
the Rio Grande Rift, resulting in thickened lithosphere at the western edge of the
Great Plains craton and uplift beneath the rift flank.

Attenuation and Shear-Wave Speed Tomography in the Central US from
Teleseismic Ambient Seismic Field Correlations
POLI, P.,Massachusetts InstituteofTechnology,Cambridge,MA,ppoli@mit.edu;
PRIETO, G. A., Massachusetts Institute of Technology, Cambridge, MA,
gprieto@mit.edu

Ambientseismicfieldcorrelationsarenowadayswidelyusedtogetphase information
of surface waves, and more recently body waves. We here focus our attention in
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amplitude information contained in surface waves Green’s function obtained from
ambient noise correlations. We used data from a subset of USARRAY stations
and a set of stations at teleseismic distances to calculate ambient noise correlation,
coherence and impulse response functions. In our processing we paid particular
attention in normalization of empirical Green’s functions obtained from ambient
noise, tominimize the effect of uneven distribution of noise sources and get reliable
amplitude measurements.

Since both amplitude and phase information can be accessed using our
ambient noise correlations, we perform velocity and attenuation tomography in the
central US. Both attenuation and S-wave velocity maps show a strong correlation
with the geological features in the study region, and quantitative analysis of Vs
and Qs allows for better constraining the thermal and tectonic structures within
the lithosphere. Our results pave the way of a systematical study of crust and
upper mantle attenuation using ambient noise, avoiding the need to wait for
earthquakes.

Monitoring Dynamic Changes at Active Volcanoes and
Fault Zones
Oral Session ·Thursday · 8:30 AM · 1May · Room 7/8 Session
Chairs: Ninfa Bennington, Matt Haney and Silvio de Angelis

Detecting Temporal Changes in Active Fault Zones During Large Earthquake
Cycles
PENG, Z., Georgia Institute of Technology, Atlanta, GA, zpeng@gatech.edu

Large earthquakes change not only nearby seismicity patterns, but also seismic
properties of surrounding medium. An improved understanding of temporal
evolution of fault zone (FZ) properties during earthquake cycles has important
implications formany aspects of earthquake physics, including long-term evolutions
of FZ structures, interactions of earthquakes and faults, and seismic hazard
mitigation.

Recent studies based onwaveform cross-correlations of repeating earthquakes
have found small but resolvable changes of seismic velocities in shallow surface layers
and around active fault zones associated with the occurrences of major earthquakes
or aseismic slip events. However, repeating earthquakes only occurred in certain
locations and we could not control their occurrence times, resulting in inadequate
temporal sampling. Another emerging tool to measure temporal changes is via
auto- and cross-correlations of ambient seismic wavefields, also known as passive
imaging or seismic interferometry. Because ambient wavefields exist all the time in
many regions and are relatively stable, they provide an ideal source for continuous
monitoring of the temporal changes of FZ properties.

In this presentation I briefly review recent developments in measuring
temporal changes using repeating earthquakes and ambient noises. Iwill also present
new results on detecting temporal changes of fault zone properties around the
epicentral regions of the 2008 Mw7.9Wenchuan earthquake and the 2012 Mw7.6
Costa Rica earthquake. The obtained results will be compared with seismicity
patterns, mainshock slip distribution and pre- and post-seismic deformation to
determine the physical mechanisms responsible for causing the observed temporal
changes in seismic velocities.

Imaging Dynamic Changes in Heterogeneous Structures using DiffuseWaves:
From Theory to Applications
PLANÈS, T., Colorado School of Mines, Golden, CO, tplanes@mines.edu;
OBERMANN, A., ISTerre Universite de Grenoble 1, Grenoble, France, anne.
obermann@ujf-grenoble.fr; LAROSE, E., ISTerre Universite de Grenoble
1 and CNRS, Grenoble, France; CAMPILLO, M., ISTerre Universite de
Grenoble 1, Grenoble, France, michel.campillo@ujf-grenoble.fr; ROSSETTO,
V., LPMMC/CNRS Universite de Grenoble 1, Grenoble, France, vincent.
rossetto@grenoble.cnrs.fr; MARGERIN, L., IRAP/CNRS Universite de
Toulouse, Toulouse, France, Ludovic.Margerin@irap.omp.eu; FROMENT, B.,
Massachusetts Institute of Technology, Cambridge, MA, fromentb@mit.edu

Direct waves traveling through heterogeneous structures are strongly attenuated.
Classical imagingtechniques,basedonthearrival timeofsuchwavesarethendifficult
or impossible to apply. This limitation holds at different scales, from ultrasound
propagating through concrete to seismic waves propagating through volcanoes or
fault zones, these media being strongly heterogeneous at the wavelength scale.

The energy of the direct wave is not lost though, but distributed to multiply
scattered waves, also called coda waves. Due to the complexity of their apparently
random trajectories, these coda waves have long been considered as devoid of any
useful information. But thanks to their longer trajectories, coda waves also show
great sensitivity to small changes occurring in themedium. Based on this feature, the

doublet or the stretching technique have beenwidely used tomeasure small velocity
changes on volcanoes, fault zones, reservoirs. . .

However, if these techniques give a spatial average of the changes occurring in
the medium, they do not provide any information on their positions. Interestingly,
the variation of the coda waveform depends on the position of the change relative
to the sensors. The phase-shift in coda waves induced by a small and local velocity
change is related to a diffuse sensitivity kernel. We showed that when a strong
change, or structural change, occurs in the medium, the waveform variation is not a
phase-shift but a distortion. This decorrelation is predicted by an expression based
on the same sensitivity kernel.

Going one step further, we used this sensitivity kernel to solve an inverse
problem that allows to image local changes taking place in heterogeneous structures.
From theory to applications in volcanoes and fault zone monitoring, through
numerical simulations and laboratory experiments, we give a review of the different
efforts engaged around this method and the encouraging first results that we
obtained.

Nonlinear Site Response in Medium Magnitude Earthquakes Near Parkfield,
California
RUBINSTEIN, J. L., USGS, Menlo Park, CA, jrubinstein@usgs.gov

Careful analysis of strong-motion recordings of 13mediummagnitude earthquakes
(3.7≤M≤ 6.5) in the Parkfield, California, area shows that very modest levels of
shaking (approximately 3.5% of the acceleration of gravity) can produce observable
changes in site response. Specifically, I observe a drop and subsequent recovery of the
resonant frequency at sites that are part of the USGS Parkfield dense seismograph
array (UPSAR) and Turkey Flat array. While further work is necessary to fully
eliminate other models, given that these frequency shifts correlate with the strength
of shaking at theTurkey Flat array and only appear for the strongest shaking levels at
UPSAR, themostplausible explanation for them is that they are a result ofnonlinear
site response. Assuming this to be true, the observation of nonlinear site response in
small (M< 5) earthquakes implies that nonlinear site response can occur at much
lower levels of shaking than previously believed. I present observations of a resonant
frequency shift during five M≤ 5 earthquakes near Parkfield, California, strongly
contrastingwith previous studies that have only identified non- linear site effects for
much larger events. In addition to the nonlinear effects seen for the smaller events,
nonlinear site response is also observed for two largest earthquakes in the region
during the study period (the 2003M 6.5 San Simeon earthquake and the 2004M 6
Parkfield earthquake).

4D Reflection Monitoring of Deep Magma: Lessons from the SEA-CALIPSO
Experiment
BROWN, L., CornellUniversity, Ithaca,NYUSA, ldb7@cornell.e.du;QUIROS,
D., Cornell University, Ithaca, NYUSA, daq7@cornell.edu

Although reflection profiling in surficial volcanic terrain has been problematic
in resource exploration, deep reflection profiles in many parts of the world have
detected strong returns fromwhat is often interpreted as molten material at middle
and lower crustal depths. This suggests that repeated deep surveys have the potential
for detecting relatively small changes in magma position and properties with time.
Thepotential for4Dreflectionmonitoringof therootsofanactiveandesiticvolcanic
system was one consideration in the design and execution of the SEA-CALIPSO
onshore-offshore seismic experiment in 2007 onMontserrat in theCaribbean SEA-
CALIPSO consisted of an extensive deployment of seismographs on land and the
ocean bottom to record an airgun shots on a series of circular and radial lines around
the island.Herewewill reviewthemodelingused toguide thedesignof the reflection
component of this experiment, the actual logistical constraints which compromised
those designs, and the potential of using natural sources instead of airguns to achieve
a more favorable target illumination. In particular, we will show recent analyses
that suggest that seismic interferometry might be used to improve deep reflection
imaging of tectonically active where physical access is limited for both sources and
receivers. In particular, body waves recovered from seismic interferometric analysis
of dense array recordings offer the potential for continuousmonitoring of temporal
changes at depthwhich greatly improve on the resolution offered by similar analyses
of surface wave.

Three-Dimensional Velocity Structure of the Galeras Volcano (Colombia) from
Local Earthquake Tomography and Evolution of the Volcanic Activity
VARGAS JIMENEZ, C. A., Department of Geosciences, Universidad Nacional
de Columbia, Bogota, Colombia, carvargasj@unal.edu.co; TORRES, R.,
Observatorio Vulcanologico y Sismologico de Pasto, Pasto, Colombia

An estimation of the three-dimensional Vp structure of the Galeras volcano was
doneup to∼8kmdepth relative to the top.Using apassive local seismic tomography
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with 7668 P-wave first arrivals associated to 1183 volcano- tectonic earthquakes
(1989 2009) and recorded by the seismic network of the Volcanological and
SeismologicalObservatory of Pasto. The seismic eventsmay correspond to fractures
onthe solid rock in response topressure inducedmovementofmagmaandvolcanic
fluids.Twozones of lower velocity and two zoneswithhighof velocity are essentially
defined. The low velocity anomalies are located at the SE and theWNW from the
volcanic summit and could be associatedwith geothermal anomalous regions where
there is not fragility enough for generating fractures. Superficial nature of these
zones suggest that they could obey to remnants of a hydrothermal systems with not
solidifiedmagma.Under the active crater of theGaleras volcano, is highlightedwith
anomalies of high velocity, a vertical like-pipe structure up to about 4 kmdepthwith
a strongly clustered and aligned seismic activity. We hypothesize that this structure
corresponds to a duct system whose fractures are the way for ascending magma
from deeper levels (>8 km) to the top. Towards the NE from the active crater and
below the surface (4 6 km depth), the intersection of the Silvia-Pijao and Buesaco
faults, matches with high velocity anomalies (∼4.5 km/s). These velocities, which
are concordant withmeasurements of andesitic magmas solidified or rigid bodies of
metamorphic rocks, correspond to a regionwhere it is also observed a concentration
of energetic volcano-tectonic events. In general, the volcanic structure consists of
low velocitymaterials that correlatewith young andunconsolidated deposits, aswell
as old and highly fractured or altered volcanicmaterials. Attenuation anomalies and
temporal evolution of the volcanic activity is also explained in light of these results.

Changes in Seismic Velocity During the 2004 2008 Eruption of Mount St.
Helens Volcano
HOTOVEC-ELLIS, A. J., University of Washington, Seattle, WA, ahotovec@
u.washington.edu; VIDALE, J. E., University of Washington, Seattle, WA,
vidale@uw.edu; GOMBERG, J. S., U.S. Geological Survey, Seattle, WA,
gomberg@usgs.gov; MORAN, S., U.S. Geological Survey, Cascades Volcano
Observatory, Vancouver, WA, smoran@usgs.gov; THELEN, W. A., U.S.
Geological Survey, Hawaiian Volcano Observatory, Volcano, HI, wthelen@
usgs.gov

Mount St. Helens (MSH) effusively erupted in late 2004, following an 18-year
quiescence.Manyswarmsofrepeatingearthquakesaccompaniedtheextrusionandin
some cases the waveforms from these earthquakes evolved slowly, possibly reflecting
changes in the properties of the volcano that affect seismic wave propagation. We
use coda-wave interferometry to quantify these changes in terms of small (usually
<1%)changes in seismicvelocity structurebydetermininghowrelatively condensed
or stretched the coda is between two similar earthquakes. We then utilize several
hundred distinct families of repeating earthquakes at once to create a continuous
function of velocity change observed at any station in the seismic network.The high
rate of earthquakes allows us to track these changes on a daily or even hourly time
scale. Following years of no seismic velocity changes larger than those due to climatic
processes (tenths of a percent), we observed decreases in seismic velocity of >1%
coincident with the onset of increased earthquake activity beginning September 23,
2004. These changes are largest near the dome of the volcano, and likely related
to shallow deformation as magma first worked its way to the surface. Changes in
velocity are often attributed to deformation, especially volumetric strain and the
openingor closingof cracks, but alsowithnonlinear responses togroundshakingand
fluid intrusion or saturation. We find strong correlation between velocity changes
and real-time seismic amplitude (RSAM) during the first three weeks of activity,
suggesting fluctuations of pressure in the shallow subsurface may have driven both
seismicity and velocity change.

Observations of Time-Lapsed Velocity Changes at Yellowstone from Ambient
Noise Correlation Functions
SEATS, K. J., Stanford University, Stanford, CA, kseats@stanford.edu;
LAWRENCE, J. F., Stanford University, Stanford, CA, jflawrence@stanford.edu

Ingeologically active regions, the time lagof theambientNoiseCorrelationFunction
(NCF) can change or migrate, according to changes in the subsurface velocity
structure. This is currently being observed in many volcanic settings around the
world, most notably at the Piton de la Fournaise shield volcano on Réunion Island.
Typically these velocity changes occur very abruptly, signifying an obvious change
associated with inflation of the magma chamber in a pre-eruptive phase. In this
work, however, we examine much longer-term trends at Yellowstone, where there
isn’t an obvious event, but there is a geodetically observed uplift that occurred from
2004 2010. In doing so, we must also correct for, and remove, apparent velocity
changes due to seasonal variations in the ambient seismic field as well. We examine
the time-lagged differences of the direct arrival of theNCF, rather than the coda, by
drastically improving the signal-to-noise ratio of theNCF through the development
of the adaptive covariance filter (ACF). By utilizing velocity variations in thesemain
arrivals, it becomes more straightforward to spatially locate these changes and
understand their temporal resolution.We use all available data near the Yellowstone

caldera, including permanent and temporary networks such as the USArray and
NOISY projects, to spatially locate and observe decreased velocities at surface wave
periods consistentwith depths of themagma chamber beneathYellowstone.Wewill
then use this information to eventually create time-lapsed tomographic images of
Yellowstone.

Dynamics of the Yellowstone Volcanic System Using 4-D Seismic Imaging
FARRELL, J., University of Utah, Salt Lake City, UT, jamie.farrell@utah.edu;
SMITH,R. B.,University ofUtah, Salt LakeCity,UT, robert.b.smith@utah.edu;
LIN, F. C., University of Utah, Salt Lake City, UT, FanChi.Lin@utah.edu

It is well established that there is a body of partial melt driving the Yellowstone
volcanic system at upper crustal depths. The magma reservoir underlies the 0.64
Ma Yellowstone caldera at depths of 5 15 km and extends 17 km northeast of
the caldera at depths less than 5 km. A recent study showed that the Yellowstone
magma reservoir is 2.5 times larger than previously thought. Local earthquake
tomography techniques have been used to image the Yellowstone magma reservoir
using the Yellowstone Seismic Network and earthquakes from 1973 to the present.
In addition, leveling, GPS, and InSAR measurements have tracked the inflation
and deflation cycles of the Yellowstone volcanic system from 1923 to the present.
Results show decadal scales of uplift and subsidence, mainly contained in the
0.64 Ma caldera, with rates of uplift up to 7 cm/yr that have been attributed to
cycles of magma recharge in the magma reservoir. Here we investigate the time-
dependent velocity structure of the Yellowstone volcanic system by examining
the seismic velocity structure for various time periods that correspond to main
historic uplift and subsidence episodes in Yellowstone. We will also examine the
crustal structure at time periods that have large earthquake swarms that may have
contributed to themigration ofmagmatic fluids including the 1985western caldera
swarm, the 2008 2009 Yellowstone Lake swarm, and the 2010 Madison Plateau
swarm.

Monitoring Changes in Seismic Velocity Related toMagmatism at Okmok and
Redoubt Volcanoes, Alaska
BENNINGTON, N. L., University of Wisconsin-Madison, Madison, WI,
ninfa@geology.wisc.edu;HANEY,M.,AlaskanVolcanoObservatory,Anchorage,
AK, mhaney@usgs.gov; DE ANGELIS, S., University of Liverpool, Liverpool,
UK,S.De-Angelis@liverpool.ac.uk;THURBER,C.H.,University ofWisconsin-
Madison, Madison, WI, thurber@geology.wisc.edu

Okmok and Redoubt are two of the most active volcanoes in the Aleutian Arc.
Leading up to its most recent eruption, Okmok, a shield volcano onUmnak Island,
showed precursors to volcanic activity only five hours before it erupted explosively
in July 2008. Currently, permanentGPS instruments atOkmok volcano show rapid
uplift occurringwithin its caldera. Redoubt, a stratovolcano located along theCook
Inlet, displayed several months of precursory activity leading up to its March 2009
eruption. Frequent activity at both volcanoes poses a major hazard to the North
Pacific air routes. Also, Okmok is adjacent to some of the world’s most productive
fisheries and Redoubt is located near Anchorage, the major population center of
Alaska. For these reasons, it is imperative that we improve our ability to detect early
signs of volcanic unrest.

We take advantage of continuous waveforms recorded on seismic networks
at Redoubt and Okmok in an attempt to identify seismic precursors related to
volcanic activity. Seismic interferometry using ambient noise is performed in order
to probe the subsurface and determine temporal changes in relative seismic velocity.
For the current period of rapid uplift atOkmok, our investigation shows a continual
decrease in seismic velocity over a 4 month time period starting in August 2013 for
station pairs with paths traversing the caldera. The cumulative decrease in seismic
velocity is largest for the station pair within the caldera (∼0.5% decrease) and near
to the 2008 eruption vents. Station pairs outside Okmok’s caldera show no change
in seismic velocity. This suggests that inflation is constrained to the caldera and
occurring near the 2008 eruption site. Since GPS instruments indicate ongoing
uplift at Okmok, future work will include analysis of noise cross-correlation data
into present day. Additional future work will focus on identifying temporal changes
in seismicvelocity related to the2008Okmokand2009Redoubtvolcanic eruptions.

Imaging Seismic Source Variations with Back-Projection Methods at Sierra
Negra Volcano, Galápagos Islands
KELLY, C. L., Stanford University, Stanford, CA, cyndi@stanford.edu;
LAWRENCE, J. F., StanfordUniversity, Stanford,CA, jflawrence@stanford.edu;
EBINGER, C., University of Rochester, Rochester, NY, cebinger@ur.
rochester.edu

Seismic records from volcanic systems are typically ‘noisy,’ making it difficult
to pick unique seismic wave arrivals and resolve 3D subsurface structures with
traditional seismic imaging methods. Similarly, seismic signals generated by
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ongoing volcanic processes in the subsurface (volcanic tremor) tend to be very
low-magnitude and difficult to observe remotely. High-amplitude bursts within
the ‘noise’ (eruptions) occur infrequently relative to the duration of an eruption
cycle and shed minimal insight into the mechanisms that occur leading up to and
recovering from eruptions; however, the abundant ‘noise’ observed on volcanic
seismic records represents a series of overlapping low-magnitude displacements
directly linked to magma, fluid and volatile movement at depth. Volcanic ‘noise’
therefore likely contains information about subsurface processes that occur in a
volcanic system before, during, and after an eruption.

This study presents a new method to comprehensively study variations
in repeated ‘micro-events’ recorded at Sierra Negra Volcano during a proposed
dike intrusion in June 2010. We apply a back-projection search algorithm to
analyze coherent seismic energy from all possible subsurface source locations to
all available receiver-pairs. Through stacking, the method finds the most likely
subsurface locations generating repeating, low-magnitude seismic signals over the
stack-interval (i.e. 1-hr). Initial results were found using normalized, bandpass
filtered vertical records broken into 10-sec non-overlapping time-windows,
correlated and stacked over 1-hr using a single P-wave moveout velocity of 5.8
km/s. These results agree well with previously determined micro-event locations
associated with the proposed intrusion. Additional pre-processing and filtering in
the application of the method now allows us to analyze specific volcanic tremor
frequency bands (1 10 Hz) and seismic phases (P, SV, SH) to better understand
the nature of the imaged seismic sources.

Development of 2014 U.S. National Seismic HazardMaps
and Their Implementation in Engineering Applications
Oral Session ·Thursday · 1:30 PM · 1May · Room 7/8 Session
Chairs: Sanaz Rezaeian, Christine Goulet, John Anderson and
Mark Petersen

The 2014 Update of the United States National Seismic Hazard Models
PETERSEN,M., USGS, Denver, CO, mpetersen@usgs.gov; MOSCHETTI,
M., USGS, Denver, CO; POWERS, P., USGS, Denver, CO; MUELLER, C.,
USGS, Denver, CO; HALLER, K., USGS, Denver, CO; FRANKEL, A., USGS,
Seattle, WA; ZENG, Y., USGS, Denver, CO; REZAEIAN, S., USGS, Denver,
CO; HARMSEN, S., USGS, BOYD, O., USGS, FIELD, N., USGS, CHEN,
R., CGS, RUKSTALES, K., USGS, LUCO, N., USGS, WHEELER, R., USGS,
WILLIAMS, R., USGS, and OLSEN, A., USGS

During the past three years, the USGS updated the U.S. National Seismic Hazard
models for the lower 48 states. These products are considered for inclusion in future
building codes, risk assessments, and public policy applications. The seismic hazard
models are based on our assessment of the best available science at the time of
the update, and incorporate a broad range of models and parameters. Several new
datasets and models have been developed since the 2008 update. For the Central
and Eastern U.S. we implemented a new moment magnitude (Mw) catalog and
completeness estimates, updated the maximum magnitude distribution, updated
and tested the smoothing algorithms for adaptive and fixed-radius methods for
estimating earthquake rates away from faults, modified the sizes and rates of New
Madrid Seismic Zone earthquakes, and considered induced earthquakes. In the
Intermountain West we implemented new smoothing algorithms, fault geometries
for normal faults, multiple Wasatch fault alternatives, and fault slip rates based
on models obtained by inverting geodetic and geologic data together. For the
Pacific NW we developed new Cascadia fault rupture models that incorporate
additional earthquakes in the south, added the Tacoma fault and an eastern
extension of the Whidbey Island fault, and implemented the new geodetic-
geologic based slip rates. For California we implemented the new UCERF3
source model that allows for a more complete inventory of fault ruptures and
is based on new deformation models, magnitude-area equations, and seismicity
input parameters. We also applied several new published ground motion models
for shallow crustal earthquakes, subduction interface, and deep earthquakes. The
many improvements in input models resulted in small changes across most of
the country, but have caused significant changes up to ±25% at 1 Hz and 5 Hz
spectral accelerations in localized places. Hazard information is available on-line:
http://earthquake.usgs.gov/hazmaps/.

Recommendations for Future Updates of the National Seismic Hazard Maps
ANDERSON, J. G., Nevada Seismological Laboratory, UNR, Reno, NV,
jga@unr.edu; ABRAHAMSON, N. A., Pacific Gas and Electric Company, San
Francisco, CA, abrahamson@berkeley.edu; CAMPBELL, K. W., EQECAT
Inc, Beaverton, OR, kcampbell@eqecat.com; CHAPMANN, M., Virginia

Polytechnic & State University, Blacksburg, VA, mcc@vt.edu; HAMBURGER,
M. W., Indiana University, Bloomington, IN, hamburg@indiana.edu; LETTIS,
W. R., Lettis Consultants International, Walnut Creek, CA, lettis@lettisci.
com; SHOME, N., Risk Management Solutions, Newark, CA, nilesh@
stanfordalumni.org; WELDON II, R. J., University of Oregon, Eugene, OR,
ray@uoregon.edu; WILLS, C. J., California Department of Conservation,
California Geological Survey, Sacramento, CA, cwills@conservation.ca.gov

In May and August 2013, the authors met to provide a late-stage peer review of
the 2014U.S. Geological Survey (USGS)National SeismicHazardMap (NSHM).
Subsequently, the USGS leadership recommended that our committee, designated
theNationalSteeringCommittee forNationalSeismicHazardandRiskAssessment,
should become a standing sub-committee of the Scientific Earthquake Studies
Advisory Committee to provide independent, comprehensive input to the hazard
mapping process.

The Committee concluded that the 2014 NSHM uses appropriate data,
models, and methods for input, and is appropriate for application in building
codes, risk assessments, and other purposes for which the maps are generally used.
In addition to short term recommendations, we made several recommendations
for future updates. The quality of the National Seismic Hazard Map depends
on the quality of the source characterization model and the ground motion
characterization model (e.g., ground motion prediction equations, GMPEs), both
of which are strongly data driven. Ongoing observations and research in every
part of the US are essential to better constrain source models (including Mmax)
and GMPEs. Induced seismicity capable of causing damage introduces challenges
that require both research and policy development because the characteristics of
induced seismicity distinguish it from background seismic activity. We suggested
that USGS use some type of overlay to the 2014 maps to independently represent
the time- and space-dependent hazards associated with induced earthquakes. Other
future issues include time-dependent source models, the ergodic assumption, use of
geodesy to constrain source models, improved scaling relations and handling of all
uncertainties.

The Committee supports the USGS policy of basing the map input on
peer-reviewed studies. To allow adequate time for these studies to be carefully
implemented, we recommend that USGS set a cutoff date for new materials to be
included in future maps

The 2014 National Seisimic Hazard Maps: Updated Catalogs and Seismicity
Models
MUELLER, C. S., U. S. Geological Survey, Golden, CO, cmueller@usgs.
gov

The U. S. Geological Survey (USGS) has developed new earthquake catalogs and
seismicity-based source models for the 2014 National Seismic Hazard Maps. The
greatest changes from 2008 occur in the central and eastern U. S. (CEUS), where
we transition from body-wave-magnitude-based catalogs and models to moment
magnitude. Some elements are adapted from a large hazard study completed in
2012 by theCEUS-SSCProject (www.ceus-ssc.com).We develop a uniform catalog
through2012fromseveral sourcecatalogs,usingCEUS-SSCmagnitudeconversions
and magnitude uncertainty adjustments. As before, non-tectonic earthquakes are
deleted from the declustered catalog for the building codemaps. For 2014, however,
development of a consensus approach for suspected fluid-induced seismicity is
more complex and controversial, due to the new locations, high rates, and large
magnitudes of some recent activity. Alternative maps are under development to
account for the hazard from these earthquakes. The three CEUS seismicity-rate
‘agrid’ models are updated, with new catalog statistics, a b value of 1.0, and
magnitude cutoff levels adjusted from body-wave magnitude 3, 4, 5 to moment
magnitude 2.7, 3.7, 4.7. A new seven-zone completeness model is developed
to account for historical demographic and instrumentation trends. Maximum-
magnitude ranges are broadened, and an alternativemaximum-magnitude zonation
is adapted from CEUS-SSC and combined with the 2008 zonation in a logic tree.
The new western U. S. (WUS) catalogs and seismicity source models are fairly
straightforward updates from 2008. We update the WUS moment-magnitude
catalog through 2012. UCERF3 results (USGS Open-File Report 2013 1165)
are used for California. For both CEUS and WUS agrids, a new nearest-neighbor
smoothing algorithm is implemented and combined with the 2008 fixed-distance
model in a logic tree.

Ground Motion Models Used in the 2014 U.S. National Seismic Hazard Maps
REZAEIAN, S., USGS, Denver, CO, sanazr128@yahoo.com; PETERSEN,
M. D., USGS, Denver, CO, mpetersen@usgs.gov; MOSCHETTI, M. P.,
USGS, Denver, CO, mmoschetti@usgs.gov; POWERS, P., USGS, Denver,
CO, pmpowers@usgs.gov; HARMSEN, S. C., USGS, Denver, CO, harmsen@
usgs.gov; FRANKEL, A. D., USGS, Seattle, WA, afrankel@usgs.gov
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The 2014 update of the U.S. National Seismic Hazard Maps (NSHMs) includes
modifications to the seismic source models and the ground motion models
(GMMs) applied to sites across the conterminous U.S. This presentation focuses
on modifications to GMMs relative to the 2008 update of the NSHMs. In the
Central and Eastern U.S. (CEUS), three of the eight ground motion models used
are new or have been modified since the previous version of the NSHMs. But
the main changes are due to the modified weights applied in the construction of
the mean ground motion. Relative model weightings are assigned by grouping the
GMMs by model type (e.g., waveform model, hybrid model, etc.) and geometric
spreading terms. Compared to the 2008 NSHMs, larger weights are applied to
GMMs employing geometric spreading models that decay faster. As a result, the
newGMMs and updatedweights tend to decrease the probabilistic groundmotions
in the 2014 NSHMs relative to the 2008 NSHMs by 10 20% across most of
the CEUS. In the Western United States (WUS), five new GMMs developed
by the Next Generation Attenuation (NGA-West2) project are used for shallow
crustal earthquakes in active tectonic regions. Previous versions of three GMMs
from the NGA-West1 project were used in 2008. In general, the combined effects
of lower medians and higher standard deviations in the updated GMMs cause
only small changes, within 5 20%, in the probabilistic ground motions across the
WUS relative to the 2008 NSHMs. In the Pacific Northwest region (PNW),
updatedGMMs for interface and intraslab earthquakes are included. One outdated
GMM has been removed and ground motions are now characterized with four
GMMs as opposed to the three GMMs used in 2008 for both interface and
intraslab earthquakes. Interface near-source probabilistic ground motions are now
higher; however, ground motions attenuate more rapidly with distance in the
2014 NSHMs. Overall changes due to update of GMMs in the PNW are less
than 5 10%.

New Time-Independent and Time-Dependent Seismic Source Models for the
Wasatch Front, Utah for the National Seismic Hazard Maps
WONG, I., URSCorporation,Oakland,CAUSA, ivan.wong@urs.com; LUND,
W., Utah Geological Survey, Salt Lake City, UT USA; DUROSS, C., Utah
Geological Survey, Salt Lake City, UT USA; THOMAS, P., URS Corporation,
Oakland, CA USA; ARABASZ, W., Univ of Utah Seismograph Station, Salt
Lake City, UT USA; CRONE, A., U.S. Geological Survey, Denver, CO USA;
HYLLAND,M.,UtahGeologicalSurvey, SaltLakeCity,UTUSA;LUCO,N.,U.S.
Geological Survey, Menlo Park, CA USA; OLIG, S., URS Corporation, Oakland,
CAUSA;PECHMANN,J.,UnivofUtahSeismographStations,SaltLakeCity,UT
USA; PERSONIUS, S., U.S. Geological Survey, Denver, CO USA; PETERSEN,
M., U.S. Geological Survey, Denver, CO USA; SCHWARTZ, D., U.S. Geological
Survey, Menlo Park, CA USA; SMITH, R., University of Utah, Salt Lake City,
UTUSA

The Working Group on Utah Earthquake Probabilities (WGUEP) has developed
new time-independent and time-dependent seismic source models for theWasatch
Front region, Utah. The WGUEP’s goal is to develop a probabilistic earthquake
forecast for the region that includes (1) a time-dependent earthquake forecast
(<b>M</b> 6.75 and greater) for the five central segments of theWasatch fault
and two segments of the Great Salt Lake fault, (2) time-independent forecasts for
other lesswell studied faults, and(3) anestimateof the time-independentprobability
of earthquakes in the<b>M</b> 5 and greater range to account for potentially
damaging background earthquakes. Logic trees were developed to address epistemic
uncertainties in the model components. GPS data were used to check the regional
seismic moment rate of the time-independent model but not to estimate fault
slip rates. The WGUEP has rigorously evaluated and updated surface-faulting
earthquake chronologies and recurrence-interval estimates for the five central
segments of theWasatch fault. Revised segment-wide earthquake chronologies and
fault displacements provide the basis for six fault rupturemodels including (1) single
segment ruptures only, (2) combinations of single- andmulti-segment ruptures, and
(3) an unsegmented (floating earthquake) scenario. The time-independent model
has been incorporated into the 2014 National Seismic Hazard Maps (NSHMs) by
the U.S. Geological Survey (USGS). Although the Wasatch Front time-dependent
model was not used by the USGS, it is strongly favored by the WGUEP based
on fault rupture behavior patterns. Differences in the time-dependent and time-
independent hazard can be significant along the central segments of the Wasatch
fault because of the long elapsed times since the last large surface-faulting earthquake
on some segments. We envision that incorporating time-dependent models will be
the next step in improving the NSHMs.

Integrating UCERF3 into the 2014 National Seismic Hazard Maps
POWERS, P. M., USGS, Golden, CO, US, pmpowers@usgs.gov; FIELD, E. H.,
USGS, Golden, CO, US, field@usgs.gov

The California component of the 2014 National Seismic Hazard Map (NSHM)
is based on the third version of the Uniform California Earthquake Rupture

Forecast (UCERF3) and marks a significant departure from prior California
earthquake ratemodels. UCERF3 is a product of theWorkingGroup onCalifornia
Earthquake Probabilities (WGCEP), whose goal was to develop a model that
relaxes assumptions of fault-segmentation and includes multi-fault ruptures. To
accomplish this, UCERF3 leverages a newly developed ‘grand inversion’ platform,
which solves for the rate of all California earthquakes simultaneously using a
broad range of data constraints (e.g. fault-slip rates, paleoseismic event rates,
and regional and fault-specific magnitude frequency distributions, etc.). This
approach eliminates the apparent UCERF2 over-prediction ofM6.5 7 earthquake
rates and permits inclusion of multi-fault ruptures similar to those recently
observed (e.g. the 2002 MW 7.9 Denali, Alaska earthquake). The broad range
of epistemic uncertainties spanned by UCERF3 poses some difficulty when trying
to understand how the model will impact seismic hazard. In advance of UCERF3’s
release, we made considerable effort to identify and explain the largest changes
in seismic hazard. These exercises were conducted using the next generation
attenuation relationships for the western US (NGA-West1) used in the 2008
NSHM.

We present an overview of UCERF3 and its effect on the 2014 NSHM. The
release of updated groundmotionmodels (NGA-West2) for use in the2014NSHM
gives rise to additional changes in hazard because the newmodels are more sensitive
to certain styles of faulting and the largemagnitude events present inUCERF3.We
also explore issues associatedwith integrating themodel with the rest of theNSHM
in the western US so as to avoid double counting of sources. Lastly we discuss a
strategy for public release of the model via USGS channels that is compatible with
the NSHM outside of California.

A Summary of Findings and Models of the NGA-West2 Research Program
BOZORGNIA, Y., PEER, University of California,, Berkeley, CA,
yousef@berkeley.edu; ABRAHAMSON, N., PG&E, San Francisco, CA,
abrahamson@berkeley.edu; CAMPBELL, K., EQECAT Inc., Beaverton,
OR, KCampbell@eqecat.com; ROWSHANDEL, B., CEA, Sacramento,
CA, browshandel@CalQuake.com; SHANTZ, T., Caltrans, Sacramento, CA,
tom_shantz@dot.ca.gov

The NGA-West2 project is a large multidisciplinary, multi-year research program
on the Next Generation Attenuation models for shallow crustal earthquakes
in active tectonic regions. The research project has been coordinated by the
Pacific Earthquake Engineering Research Center (PEER) with extensive technical
interactions among many individuals and organizations. NGA-West2 addresses
several key issues in ground-motion seismic hazard including: updating the NGA
database for a magnitude range of 3.0 7.9; updating NGA ground-motion
prediction equations (GMPEs) for the ‘average’ horizontal component; scaling
response spectra for damping values other than 5%; quantifying the effects of
directivity and directionality for horizontal groundmotion; resolving discrepancies
between the NGA and the National Earthquake Hazards Reduction Program
(NEHRP) site amplification factors; analysis of epistemic uncertainty for NGA
GMPEs; anddevelopingGMPEs forvertical groundmotion.Asummaryof findings
and models of the NGA-West2 project is presented.

Proposed Earthquake Ground Motion Maps for Model Building Codes based
on the 2014 United States Geological Survey National Seismic Hazard Model
LUCO, N., United States Geological Survey, Golden, CO, nluco@usgs.gov;
BACHMAN, R. E., R.E. Bachman Consulting Structural Engineers, Laguna
Niguel, CA, rebachmanse@aol.com; CROUSE,C. B.,URSCorporation, Seattle,
WA, cb.crouse@urs.com; HARRIS, J. R., JR Harris & Company, Denver,
CO, Jim.Harris@jrharrisandco.com; HOOPER, J. D., Magnusson Klemencic
Associates, Seattle, WA, jhooper@mka.com; KIRCHER, C. A., Kircher &
Associates, Palo Alto, CA, cakircher@aol.com; (Rezaeian, S.)

The 2014 National Seismic HazardModel (NSHM) for the conterminous United
Statesdevelopedby theUnitedStatesGeological Survey (USGS) is the earth-science
basis foraproposal toupdatederivativeearthquakegroundmotionmapsforthe2015
NEHRPRecommended Seismic Provisions forNewBuildings andOther Structures. If
accepted, the updated maps would likely be adopted for the 2018 International
Building Code (IBC), just as Risk-Targeted Maximum Considered Earthquake
(MCER) ground motion maps based on the 2008 NSHM were adopted for the
2012 IBC. As established by the Building Seismic SafetyCouncil ProvisionsUpdate
Committee, with funding from the Federal Emergency Management Agency, the
MCER ground motion maps are derived from the USGS NSHMs in two steps.
First, the computed USGS hazard curves (of annual frequency of exceedance vs.
ground motion spectral acceleration) are used to calculate ‘risk-targeted’ ground
motions that, when used in designing new buildings, are anticipated to result in a
geographically uniform annual frequency of collapse (or ‘risk of collapse’). In doing
so, well-established regional (e.g., western vs. central and eastern US) differences in
shapes of the hazard curves are captured. Second, the USGSNSHM is also used to
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compute corresponding deterministic groundmotions that are applied as caps to the
probabilistic risk-targeted ground motions, mainly near major faults in California.
The procedure for computing these deterministic ground motions, as well as that
for calculating the probabilistic risk-targeted ground motions, is stipulated in the
site-specific hazard analysis portion of theNEHRP Provisions. In this presentation,
we elaborate on the derivation of MCER ground motions from the NSHM, and
illustrate the impacts of the NSHM updates on seismic design of new buildings
and other structures at 34 high-risk (i.e., high-hazard and/or large-population) city
locations.

On NGA and NEHRP Site Coefficients Inferred for Site Classes in US Building
Codes
BORCHERDT, R. D., USGeological Survey,Menlo Park, CA, borcherdt@usgs.
gov

Site coefficients, derived herein from Next Generation GroundMotion Prediction
Equations (NGA GMPEs), agree well with NEHRP site coefficients at low levels
of input motion (0.1g) and those observed from the Loma Prieta earthquake.
For higher levels of input motion, the majority of the NEHRP values are within
the 95 % epistemic-uncertainty limits implied by the NGA estimates with the
exceptions being the mid-period site coefficient, Fv for site class D and the
short-period coefficient, Fa for site class C, both of which are slightly less than
the corresponding 95% limit. Proposals by the author to adjust the NEHRP
coefficients to the mean of the NGA site coefficients inferred with respect to
Vs30 midpoint for reference site class B yield site coefficients consistent with
the definitions of the simplified site classes adopted in US building codes. The
proposed mean NGA coefficients 1) yield unity amplification independent of
ground motion level for the reference site class B, 2) are consistent with those
used for the adopted Maximum Considered Earthquake Response maps (MCER),
3) account for the epistemic uncertainty implied by the four NGAGMPEmodels,
and 4) are consistent with average surface spectral amplifications observed in past
earthquakes with average Vs30∼ 800 m/s and 5) can be easily updated with future
improvements in NGAGMPEs. TheNGA data base implies that the median Vs30
value for site class B (Vs30∼ 900 m/s) is more typical than 760 m/s as a value to
characterize firm to hard rock sites as a possible less conservative reference for future
MCERmaps.

Preliminary Application of the 2014 U.S. National Seismic HazardMap and its
Implication in the Reinsurance Industry
LEE, S. W., Validus Research, New York, NY, selina.lee@validusresearch.com;
WANG, Z., Validus Research, New York, NY, zifa.wang@validusresearch.com

UsingGIS techniques, adraft releaseof the2%in50-year2014U.S.NationalSeismic
Hazard Map for 1-second spectral acceleration was manipulated and applied to
Validus Research’s current catastrophe modelling framework for the United States.
The hazard change was implemented as either a frequency or severity adjustment to
studytherangeofpossible loss impacts toanindustryexposuredatabase(IED)forthe
United States and to key anonymous insurers with exposures inCalifornia andNew
Madrid in the reinsurance industry. Using an IED, results show an overall increase
in losses for the whole United States. Although such is the case, the Northeast
and New Madrid regions show a decrease in losses, meaning that the increased
losses in the rest of the United States is the key driver for change. The impact
results on key anonymous insurers confirm that of the IED in that losses increase
for California-exposure-based insurance companies and losses decrease for New
Madrid-exposure-based insurance companies.

Joyner Lecture
Oral Session ·Thursday · 5.15 PM · 1May ·Hilton

Ground-motion prediction equations: Past, present, and future
BOORE, D. M., USGS, Menlo Park, CA, boore@usgs.gov

Ground-motionprediction equations (GMPEs) typically give amplitudes of ground
motion as a function of distance from earthquakes of a particular magnitude.
They are the foundations on which the seismic hazard maps used in building
codes are built, they provide motions for the design of critical structures, and
they and the databases used in their derivation conveniently summarize a large
amount of information about the seismic waves radiated from earthquakes. The
development of GMPEs requires knowledge of many aspects of seismology,
including data acquisition, data processing, source physics, the determination of
crustal structure, the effects of that structure on the propagation of seismic waves,

themeasurementandcharacterizationof thegeotechnicalpropertiesnear theEarth’s
surface, and the nonlinear response of soils to strong shaking. Generally, GMPEs
are developed for three regions: active crustal regions (ACR), stable continental
regions (SCR), and subduction zones (SZ). Most GMPEs in ACRs and SZs are
based on empirical analysis of observed ground motion, while those in data-poor
areas such as SCRs rely primarily on simulations of ground shaking. As data sets
increase and theoretical simulations improve, previous GMPEs are revised and new
ones are proposed. As a result, many hundreds of GMPEs have been published,
and more are on their way. As an example of the current state-of-practice for
GMPEs in ACRs, I will discuss a recent multi-year project undertaken by the
Pacific Earthquake Engineering Research Center (PEER). The future is bound
to bring more data, but most of these data will be for magnitudes and distances
where present GMPEs are well constrained by existing data, at least in ACRs.
Significant gapswill continue to exist in our knowledge of ground shaking in certain
distance and magnitude ranges for ACRs and for SCRs in general. For this reason,
combinations of simulated and observed motions will be used to create future
GMPEs.

Alaska Update of the USGSNational Seismic HazardMaps
Poster Session ·Thursday · 1May ·Cook/Arteaga

Earthquake Risk in Alaska
NYST, M., Risk Management Solutions, Inc., Newark, CA, mnyst@rms.com;
WILLIAMS, C., Risk Management Solutions, Inc., FITZENZ, D., Risk
Management Solutions, Inc.,

In anticipation of the upcoming update of the Alaska seismic hazard map by the
USGS we investigate the possible impact of hazard changes on seismic risk. First
order standard components that build up a probabilistic seismic risk model are
hazard, building response, and a financial loss model. The hazard component in
the current RMS Alaska earthquake risk model is based on the 2007 probabilistic
seismic hazard maps for Alaska (Wesson et al., 2007; Boyd et al., 2007). Statewide
riskbasedonthe2007hazardmaps is controlledby the subductionzonemega-thrust
earthquakes. We implement newly gained insights into generation (segmentation),
maximum magnitude and impact (ground motions) of mega-thrust earthquakes
and their time-dependent behavior. We expand the event set with earthquakes
representing multiple-fault ruptures (following a modified UCERF3 approach).
Instead of modeling the intraslab earthquakes at a uniform depth we implement
these deep events in a step-wise manner, similarly to what is proposed for Cascadia
by NSHMP, thus producing shallower events closer to the trench and deeper
events under the mainland.We identify areas of potential extreme liquefaction and
landslide. The resulting seismic risk model has a less uniform source distribution,
with larger contributions from crustal fault and intraslab sources. Considered risk
metrics include simple scenario calculations, where we model regional damage
and loss due to one earthquake, average annual loss, an annualized expected loss
level used by insurers to set their annual premium rates, and the loss exceedance
probability curve used by insurers to address their solvency and manage their
portfolio risk.We analyze risk profile changes in areas with large population density
and for structures of economic and financial importance: theTrans-Alaska pipeline,
industrial facilities in Valdez and typical residential wood buildings in Anchorage,
Fairbanks and Juneau

Preliminary Results from theWatana Seismic Network and Development of a
3D Slab Model, South-Central Alaska
LAFORGE, R., Fugro Consultants, Inc., Lakewood, CO, r.laforge@fugro.com;
OSTENAA, D., Fugro Consultants, Inc., Lakewood, CO, d.ostenaa@
fugro.com; SHUMWAY, A., Fugro Consultants, Inc., Lakewood, CO,
a.shumway@fugro.com; TURNER, J., Fugro Consultants, Inc., Lakewood,
CO, j.turner@fugro.com; LAJOIE, L., Fugro Consultants, Inc., Lakewood,
CO, l.lajoie@fugro.com; RUPPERT, N., Alaska Earthquake Center, Fairbanks,
AK, natasha@gi.alaska.edu; CAREY, B., Alaska Energy Authority, Anchorage,
Alaska; BRUEN, M., MWH Global, Inc., Seattle, WA, Michael.P.Bruen@
mwhglobal.com

In August 2012 the Alaska Earthquake Center (AEC) installed four seismograph
stations in the vicinity of the proposed Watana Dam site in south-central Alaska,
with three stations added in the summer of 2013. Instrumentation consists of 3-
component broadband sensors, with strong motion instruments at 4 of the sites.
This sub-network is integrated into the AEC regional network, with waveforms
sent to IRIS DMC. Station spacing is on the order of 10 20 km, and covers a
part ofAlaska that had previously been poorlymonitored.Magnitude completeness
appears to be 1.0 or lower, in a region roughly 75 km EW and 50 km NS. The
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network is above the northwest-dipping Pacific plate, which lies at depths of 40 to
100 kmbeneath the network area, and dips at an angle of 20 25 degrees The largest
slab and crustal events recorded with the newly installed network have magnitudes
of 4.0 and 3.8, respectively. 3 4 clusters or mainshock-aftershock sequences have
been observed in the crustal seismicity. A total of 1070 events (432 in the crust,
638 in the slab) have been located between network initiation and the end of 2013,
for an average rate of about four earthquakes per day. Results from the network,
in addition to AEC data from July 1988 onward, were used to develop a 3D slab
model for central Alaska. Using 3D visualization software, a total of 7 slab segments
were identified, ranging in depths from 40 to 300 km, whose strikes and dips were
determined by least-squares fits to the hypocentral data. The resulting sourcemodel
was applied by projecting Gaussian-smoothed seismicity onto the identified planes,
resulting in more accurate distance determinations to specific sites. For sites lying
about 60 km above the down-going slab results are similar to those inWesson et al.
(2007) (since they used a single depth of 60 km to model upper slab seismicity)
but are likely to be different for sites lying closer to or farther away from the
slab.

Slip on the Suckling Hills Splay Fault during the 1964 Alaska Earthquake
CHAPMAN, J. B., University of Arizona, Tucson, AZ, jaychapman@
email.arizona.edu; ELLIOTT, J., Purdue University, West Lafayette, IN,
julieelliott@purdue.edu; DOSER, D. I., University of Texas at El Paso, El Paso,
TX, doser@geo.utep.edu; PAVLIS, T. L., University of Texas at El Paso, El Paso,
TX, tlpavlis@utep.edu

The Suckling Hills in southern Alaska experienced localized, anomalously high
coseismic uplift in the Mw 9.2, 1964 Alaska earthquake. High uplift at the
Suckling Hills can be explained by increased slip, or an asperity, on the Aleutian
megathrust, however, new research suggests that increased uplift may be a result
of slip on the recently mapped Suckling Hills splay fault. We present a series of
models that demonstrate how the inclusion of the Suckling Hills fault improves
the fit between modeled vertical displacement and measured coseismic uplift in
comparison to slip on the Aleutian megathrust alone. Our results suggest ∼3m
of slip in the 1964 earthquake on the Suckling Hills fault to explain the high
coseismic uplift data. These results are consistent with recent studies indicating
Pleistocene slip on the Suckling Hills fault and together highlight the potential
seismic and tsunami risk associated with this segment of the Alaskan subduction
complex.

Creation of the Alaska Earthquake Scenario Atlas: Using ShakeMap to
Improve Awareness of Seismic Hazard and Risk in the Last Frontier
GARDINE, M., Alaska Earthquake Center, Fairbanks, AK, mgardin2@
alaska.edu; RUPPERT, N., Alaska Earthquake Center, Fairbanks, AK, natasha@
gi.alaska.edu;WEST,M.E.,AlaskaEarthquakeCenter,Fairbanks,AK;WALD,D.,
United States Geological Survey, Golden, CO,wald@usgs.gov; QUITORIANO,
V., United States Geological Survey, Tucson, AZ, vinceq@usgs.gov; WORDEN,
B., United States Geological Survey, Pasadena, CA, cbworden@gmail.com

Large and damaging earthquakes are a threat to populations in all areas of Alaska.
To help plan for the inevitable, the Alaska Earthquake Center (AEC) is creating
an updated Earthquake Scenario Atlas as part of the revised National Seismic
HazardMap inAlaska. TheAtlas contains ShakeMaps from anumber of theoretical
and historical earthquakes in the state, including the 1964 M9.2 Good Friday
earthquake. ShakeMap is a well-regarded system created by the U.S. Geological
Survey (USGS) to produce maps of measured and predicted ground-motions for
real and scenario earthquakes; many seismic networks throughout the world use
it operationally. The AEC uses ShakeMap on a daily basis to serve information
about recent earthquakes to stakeholders and the general public. In addition,
customized ShakeMaps are produced for notable earthquakes near theTrans-Alaska
Pipeline and made available to Alyeska, the pipeline operator. These ShakeMaps
are part of a larger system designed to alert Alyeska of any strong motions that
could cause damage to the pipeline infrastructure to help minimize economic
and environmental issues. However, the need to evaluate hazards from future
earthquakes led AEC to produce a suite of scenario ShakeMaps culled from
the large catalog of historic earthquakes as well as fault segments used in the
2007 USGS hazard map. Many of these scenario earthquakes occurred before
the creation of a true seismic network in Alaska, limiting the data products that
have been available for these earthquakes. Additionally, logistical challenges in
remote areas of the state limit our knowledge of the local geology in many places.
The Earthquake Scenario Atlas thus provides communities and state and federal
agencies access to ground shaking estimates. Visual representations of these data
have tremendous outreach value as a stand-alone product. In addition, the Atlas
provides spatial data that are the building blocks for hazard analyses and loss
modeling.

Estimating Mmax of Intraslab Earthquakes
SHUMWAY, A. M., Fugro Consultants, Inc., Lakewood, CO, a.shumway@
fugro.com; REYES, D. K., Fugro Consultants, Inc., Tustin, CA, kreyes@fugro.
com; LAFORGE, R., Fugro Consultants, Inc., Lakewood, CO, r.laforge@
fugro.com

A study was performed to estimate the maximum magnitude (Mmax) of global
intraslab earthquakes. The global subduction zone regions delineated byHayes et al.
(2012) were used in this study with the addition of the Caribbean subduction zone.
Seismicitydata (M7+) obtained fromthe International SeismologicalCenter (ISC)
Bulletin and the EHB Bulletin were collected for each of these regions. Magnitude
vs. depth plots were created for each region in order to visualize the magnitude
and depth ranges occurring in each region and to identify the intraslab events
(considered to be deeper than 100 km). A bimodal pattern appears to be present
as the Mmax decreases from 100 to 400 km in depth but between 400 and 700
km in depth Mmax increases again. Mmax in the different regions varied between
7.3 to 8.3, with larger Mmaxes associated with the deeper (400 to 700 km) range.
Frohlich (1998, 2006) noted a possible Mmax dependence on chemical, thermal,
and mechanical changes in the slab with increasing depth, but also noted that the
record (∼100 years) is too short to conclude thatMmax is depth dependent. Many
of theMmax intraslab events in these regions occurred before 1964, before modern
worldwide seismographnetworkswereestablished. Informationonhowthese events
were recorded, the quality of the locations, depths, and magnitude estimates is less
certain.When the largest intraslab events in each region were identified an attempt
wasmade to judge the reliability of the eventdatausing additional published sources.
In assessing probabilistic ground shaking hazard from such events, the main sources
of uncertainty are 1) the recurrence and reliability of the Mmax estimate given the
short instrumental record, 2)whether the larger (M8.0 8.5) events in the400 700
km depth range can also occur in the 100 400 km range, and 3) whether current
groundmotion prediction equations can be extrapolated toM8+ in the absence of
strong motion recordings.

Development of 2014 U.S. National Seismic HazardMaps
and Their Implementation in Engineering Applications
Poster Session ·Thursday · 1May ·Cook/Arteaga

NGA-West2 Horizontal Ground Motion Model: Comparison of CB08 and CB14
CAMPBELL, K.W., EQECAT Inc., Oakland, CA, kcampbell@eqecat.com;
BOZORGNIA, Y., PEER, University of California, Berkeley, CA

We summarize the development of the Campbell-Bozorgnia NGA-West2 (CB14)
empirical ground motion prediction equation (GMPE) and compare it to our
previous 2008NGA-West1 (CB08)model.We used the extensively updated PEER
NGA-West2 database to update CB08 for the ‘average’ (RotD50) horizontal
components of PGA, PGV, and 5%-damped PSA at 21 periods ranging from
0.01 to 10 s. We applied our own set of selection criteria to the PEER database,
resulting in 15,521 recordings from322 earthquakeswithmomentmagnitudes (M)
ranging from 3 to 7.9. Of these, 7,208 near-source (0 80 km) recordings from
282 worldwide earthquakes were used to develop our base GMPE and 8,313 far-
source (80 500 km) recordings from 276 earthquakes were used tomodel anelastic
attenuation. We modified or added several new terms and predictor variables in
developingCB14, including an additionalmagnitude-scaling term to accommodate
trends seen in the small-magnitude data; a new hanging-wall term based on ground
motion simulations; magnitude-dependent style-of-faulting, hypocentral depth,
fault-rupture dip, and between-event and within-event aleatory variability terms;
and regionally dependent linear shallow site, shallow sediment-depth; and anelastic
attenuation terms. A comparison of CB08 and CB14 indicates that these GMPEs
generally give similar ground motion estimates for M>5.5 and distances less than
100 km. The largest differences are at smaller magnitudes, where the extensive new
small-magnitude database allowed us to refine our magnitude and distance scaling
terms to correct the overestimation that had been observed in CB08. The other
significant differences were in the hanging-wall term, where CB14 predicts the
highest ground motion over the down-dip edge of the rupture plane, and in the
style-of-faulting and hypocentral depth terms, whereCB14 indicates that strike-slip
and reverse faults have similar ground motion amplitudes with both predicting
increasing amplitudes with hypocentral depth.

Alternative Approaches for the National Seismic Hazard Mapping
WANG, Z., Kentucky Geological Survey, Lexington, KY, zmwang@uky.edu;
COBB, J., Kentucky Geological Survey, Lexington, KY, cobb@uky.edu

The purpose of the national seismic hazard maps is to provide scientific bases for
the development of engineering design and other policy considerations such as the
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International Building Code and Residential Code in the United States. Therefore,
the maps should be scientifically sound. Although a scientific database including
locations of active faults and earthquakes, earthquake recurrent intervals, and
groundmotionattenuations,hasbeengenerated throughthenational seismichazard
mapping project, the national seismic hazard maps produced are not scientifically
sound,however, becauseof themethodologyused toproduce themaps:probabilistic
seismic hazard analysis (PSHA). As a complicated model, PSHA is not consistent
with modern earthquake science and contains a mathematical error: equating a
dimensionless quantity (the exceedance probability in one year, or the annual
probability of exceedance) to a dimensional quantity (the annual frequency or
rate of exceedance with the unit of per year). This mathematical error leads to the
so-called ergodic assumption: treating spatial uncertainty of ground motions as an
uncertainty over time at a single point. PSHA is scientifically flawed and its results
(i.e., hazard curves and maps) are artifacts and difficult to understand. Thus, uses
of the national seismic hazard maps are problematic. Alternative approaches are
need in order to utilize the scientific database and produce seismic hazard maps
that can be readily used to develop engineering design and other policies. One
of such alternative approaches is scenario/deterministic seismic hazard analysis.
The scenario/deterministic maps are scientifically sound and easy to understand.
Furthermore, the scenario/deterministic maps have been used in coastal California
and Kentucky.

A Fault-Based Model for Crustal Deformation in the Western United States
and Its Application to Seismic Hazard Analysis
ZENG, Y., US Geological Survey, Golden, CO, zeng@usgs.gov; SHEN, Z. K.,
University of California, Los Angeles, CA, zhengkangshen@gmail.com

Geodetic data have been collected over the past several decades and the consensus
fromtheseismologicalandgeodeticcommunitiesare that thenational seismichazard
map (NSHM) models should incorporate those data. In previous NSHMmodels,
slip rates were assigned based on an expert-opinion evaluation of available geologic
and geodetic data with constraints of the total plate rates. This report describes
development of crustal deformation model for the Western United States (WUS)
using a kinematic fault model to determine fault slip rates based on inversions of
GPS observation with geological slip-rate constraints. The model consists of six
major blocks with distributed faults throughout the WUS. The boundaries of the
blocks align with major faults in California and the Cascadia subduction zone.
Faults distributed within the blocks have their geometrical structure and locking
depth constrained by theUniformCalifornia Earthquake Rupture Forecast version
3 (UCERF3) and the 2008 USGS NSHM model. Each fault segment slips at
a solved-for slip rate beneath a predefined locking depth, except at a few fault
segments where shallow creep is allowed. Slip vector continuity at fault nodes or
intersections is imposed to regulate slipvariability and to simulateblock-likemotion.
The slip distribution is estimated using a least-squares inversion. We constrained
our fault slip rates for distributed faults within the UCERF3 geologic bounds or±
half of the geologic slip rates for most of the western US faults. The result shows
that the geologic slip rates for the California B-faults and rest of the non-California
faults in the western US are consistent with the observed GPS velocity field. Major
discrepancies between inverted for rates and geologic consensus rates occur along
some of the northern California A-faults, from the Mojave to San Bernardino
segments of the San Andreas faults, across Central Nevada, and along the southern
segment of theWasatch fault system.

Update of the Pacific Northwest Fault and Ground-motionModels for the 2014
National Seismic Hazard Maps
PETERSEN,M. D., U.S. Geological Survey, Golden, CO,mpetersen@usgs.gov;
FRANKEL, A. D., U.S. Geological Survey, Seattle, WA, afrankel@usgs.gov;
CHEN, R., California Geological Survey, Sacramento, CA, Rui.Chen@
conservation.ca.gov

Logic trees for the recurrence of earthquakes on the Cascadia Subduction Zone
(CSZ), crustal faults, and ground motion models (GMMs) have been developed
from discussions at several workshops held for the 2014 update of theU.S. National
Seismic Hazard Maps. At these workshops we assessed alternative models on the
locationof thedown-dipedgeof the rupturesofCSZgreat earthquakes, ratesof large
earthquakes along theCSZ, new crustal fault data, and newGMMs. A logic tree for
the position of the down-dip edgewas developed based onmodeling of geodetic and
uplift data and the depth of the top of non-volcanic tremor. We model additional
M 8+ earthquakes in the southern CSZ based on studies of offshore turbidite data
and onshore tsunami deposits and subsidence. Partial CSZ ruptures were modeled
with a mean recurrence of about 1000 years in the southern half of the zone. These
partialCSZ rupture earthquakes supplement thewholeCSZ ruptureswithmoment
magnitudes inferred to range from 8.6 to 9.3 that occur every 500 550 years. We
also assessed the earthquake activity rates on crustal faults. We added the Tacoma
fault and extended the Whidbey Island fault based on discussions with geologists.
After discussions at our GMM workshop, we included 4 subduction interface and

deep-intraslab GMMs and included 5 new NGA-W2 GMMs for crustal faults.
Resulting hazard at 5 Hz spectral acceleration in the Pacific North West region
generally is higher than the 2008 model along the coast of southern Oregon and
northern California due to the CSZ changes and somewhat higher in portions of
thePuget Sound regiondue to additionofnew faults and changes to thebackground
seismicity models. Ground motions are slightly lower in parts of northern Oregon
due to changes in the ground motion models and deep seismic sources.

Effect of Adaptive Smoothing Seismicity Rate Models on Seismic Hazard in
the 2014 Update to the U.S. National Seismic Hazard Maps
MOSCHETTI, M. P., US Geological Survey, Denver, CO, mmoschetti@
usgs.gov; POWERS, P., US Geological Survey, Denver, CO; FELZER, K.,
US Geological Survey, Pasadena, CA; PETERSEN, M., US Geological Survey,
Denver, CO

The incorporation of adaptive smoothing methods for the calculation of seismicity
rate models in the 2014 update to the National Seismic Hazard Maps (NSHMs)
for the contiguous United States produces significant changes in seismic hazard
across the country. We present the effects of adaptive smoothed seismicity models
developed for the NSHMs on probabilistic ground motions with a 2 percent
probability of exceedance in 50 years (2%PE50y) at frequencies of 1 and 5 Hz
response spectral acceleration because these are the probabilities and frequencies
that are most relevant for future updates of the building codes. Seismicity rate
models in the NSHMs are developed separately for California (as part of the
Uniform California Earthquake Rupture Forecast, v3; UCERF3), the western US
excluding California (WUS), and the central and eastern US (CEUS) because of
differences in earthquake catalogs and because of the independence of theUCERF3
and NSHM efforts. Construction of the smoothed seismicity models employs the
nearest-neighbor-type adaptive method of Helmstetter et al. (2007). This method
uses smoothing distances that adapt to the local density of seismicity; adaptive
smoothing distances are smaller in regions where seismicity rates are higher. In
the WUS and CEUS, median adaptive smoothing distances are about the same as
the fixed smoothing distances used in previous NSHM updates; however, adaptive
smoothing distances range over an order of magnitude. Consequently, the resulting
probabilistic ground motions show significant differences from previous NSHMs.
Probabilistic ground motions change by up to 0.5 g (5 Hz, 2%PE50y). Effects of
adaptive smoothing on seismic hazard are particularly important in and adjacent to
regions of high seismicity and where fault-based source models are absent.

Implications of Recent Findings from Bayesian Inversion of GPS Data for
Seismic Hazard Assessment in California
MURRAY, J. R., US Geological Survey, Menlo Park, CA, jrmurray@usgs.gov;
MINSON, S. E., California Institute of Technology, Pasadena, CA, minson@
gps.caltech.edu

Geodetic data illuminate aspects of crustal deformation relevant for seismic hazard
assessment including fault slip rates, the rate and spatial extent of creep, the
relationship between regions of aseismic and coseismic slip, and the patterns of
moment deficit recovery overmultiple earthquake cycles.We investigate these issues
throughBayesian inversion ofGlobal Positioning System (GPS) data fromnorthern
and central California. Bayesian inversion allows incorporation of a variety of prior
information (e.g., nonnegativity), provides the full probability density function for
model parameters, and does not require subjective regularization such as spatial
smoothing. It is well suited to characterizing uncertainties on parameters like slip
rates and creep rates. Realistic uncertainties are required as direct input to hazard
assessment through deformation models, for evaluating those models underlying
assumptions, and in follow-on calculations used in time-dependent hazard forecasts.

The following results from our analyses are directly relevant to future
California seismic hazard assessments. 1) Using a newly expanded GPS dataset
we estimate slip rates for the northern San Andreas, Maacama, and Bartlett Springs
faults of 21.5 +/− 0.5, 13.1 +/− 0.8, and 7.5 +/− 0.7 mm/yr, respectively. 2)
We infer that creep on the Bartlett Springs seismogenic zone keeps pace with slip
on the fault’s deeper extension, while Maacama fault creep occurs primarily above
5 km resulting in a moment deficit on the seismogenic zone. 3) The depth extent
of creep on strike slip faults, even for a high creep rate, well instrumented fault like
the San Andreas at Parkfield, is poorly constrained by GPS data; lack of resolution
must be considered in hazard assessment. 4) Spatial patterns of interseismic creep,
coseismic slip, and afterslip at Parkfield, in the context of the San Andreas long-
term slip rate, indicate persistent moment deficit even in areas that slip during M6
earthquakes.

Probabilistic Tsunami Hazard Mapping
THIO, H. K., URS Corporation, Los Angeles, CA, hong.kie.thio@urs.com;
POLET, J., California State Polytechnic University, Pomona, CA, jpolet@
csupomona.edu;LI,W.,URSCorporation,LosAngels,CA,wenwen.li@urs.com;
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WILSON, R., California Geological Survey, Sacramento, CA; SOMERVILLE, P.,
URS Corporation, Los Angeles, CA

In recent years, probabilistic approaches to tsunami hazard mapping have become
prevalent on both global scale as well as national and even regional levels. We
will report on some of the current efforts under way including development of a
probabilistic inundation map for the State of California and the planned addition
of a tsunami loads chapter in the ASCE 7 Minimum Design Loads. Because these
efforts run parallel to the seismic hazard mapping and will be adapted by the same
entities, it is imperative that there is as much commonality as possible between
the two in terms of input models and methodologies. For instance, we were able
to implement the Cascadia source model from the 2014 National Hazard Map
for our inundation mapping. We will present these results and discuss how the
seismic source characterization was applied and extended in the tsunami hazard
model. ForAlaska, where the last update of the seismic hazardmapwas published in
2007, we have chosen to update the original USGS sourcemodel to allow formulti-
segment ruptures along themega-thrust.Webelieve such sources are very significant
contributors to the tsunami hazard, both locally (in contrast to the seismic hazard)
as well as in all of the Pacific states. We will present our source characterization in
some detail, to elicit comments from interested parties and promote discussion of
these updates.

Wewill also outline our procedure for the hazardmapping for both theASCE
and State of California, and present preliminary high-resolution (10m) inundation
maps for several areas in California.

Ground Motion Attenuation Relations for Central US using Hybrid Broadband
Synthetics
SHAHJOUEI, A., Department of Civil Engineering, The University of Memphis,
Memphis, TN, alireza.shahjouei@gmail.com; PEZESHK, S., Department of
Civil Engineering, The University of Memphis, Memphis, TN, spezeshk@
memphis.edu

Pezeshketal. (2011)proposedhybridempiricalgroundmotionpredictionequations
(GMPEs)forthecentralandeasternUnitedStates(CEUS)usingthenextgeneration
attenuation (NGA-West) models and updated seismological parameters. In this
study,wewillproduceanewcomprehensive framework forusingahybridbroadband
synthetic simulation technique for development of the ground motion attenuation
relation in the central US. Synthetics in the low frequency and the high frequency
parts of time histories are separately calculated through a kinematic and a stochastic
approach, respectively. Hybrid synthetics are obtained by implementing matched
second order low-pass and high-pass Butterworth filters for the long period and
the high frequency synthetics, respectively. The directivity effects will be captured
by applying a kinematic model of the earthquake source and a deterministic wave
propagation in the generation of synthetics’ long period portion.

GMPEs will be computed from simulations of different hypocenter locations
and multiple slip models to consider the variability of the parameters. A new set of
GMPEs will be generated for a magnitude range of 5.0 to 7.5 and a distance range
of 2 km to 200 km. New questions will be compared with the GMPEs proposed by
Pezeshk et al. (2011).

Great Earthquakes and Slip to the Trench (Seismological
Society of Japan/Seismological Society of America Joint
Session)
Poster Session ·Thursday · 1May ·Cook/Arteaga

Could a Sumatra-Like Megathrust Earthquake Occur in the South Ryukyu
Subduction Zone?
LIN, J. Y., Depatment of Earth Sciences, National Central University, Jhongli City,
Taiwan (R.O.C.), jylin.gep@gmail.com; SIBUET, J. C., Depatment of Earth
Sciences, National Central University, Jhongli City, Taiwan (R.O.C.); HSU, S.
K.,Depatment of Earth Sciences,NationalCentralUniversity, JhongliCity, Taiwan
(R.O.C.); WU, W. N., Institute of Earth Sciences, Academia Sinica, Nankang,
Taipei, Taiwan

A comparison of the geological and geophysical environments between the
Himalaya-Sumatra and Taiwan-Ryukyu collision-subduction systems reveal closely
tectonic similarity. Both regions are characterized by strongly oblique convergent
process and dominated by similar tectonic stress regime. In the two areas,
the intersection of the oceanic fracture zones with the subduction systems is
characterized by a trench-parallel high free-air gravity anomaly feature in the fore-
arcs and the epicenter of large earthquakes were located at the boundary between
the positive and negative gravity anomalies. This mainshock distribution and high

gravity anomalies indicate a strong coupling degree of the intersection area, which is
probably inducedbyastrongresistanceofthefracturefeaturesduringthesubduction.
Moreover, the seismicity distribution in the Ryukyu area is very similar to the
pre-seismic activity pattern of the 2004 Sumatra event. That is, the thrust-type
earthquakes with trench-normal P axis occurred frequently in the eastern part of the
mainshock, whereas only few thrust earthquakes occurred in the west. Therefore,
the aseismic area located west of 128E, in the western Ryukyu subduction zone,
could result from the strong plate locking effect beneath the high gravity anomaly
zone. By analogy with the tectonic environment of the Sumatra subduction zone,
the occurrence of a potential Sumatra-like earthquake in the south Ryukyu Arc
is highly suggested and the rupture will mainly propagate westward to fulfill the
region of low seismicity (∼125E-129E; 23N-26.5N) andmay generate a hazardous
tsunami.

Can Compaction Further Enhance Inelastic Wedge Failure in Shallow
Subduction Zone Earthquakes?
HIRAKAWA, E. T., San Diego State University, San Diego, CA,
ehirakaw@ucsd.edu; MA, S., San Diego State University, San Diego, CA,
sma@mail.sdsu.edu

One of the distinct features of a convergent plate boundary is the continuous flux of
sediments carried by the oceanic plate into the subduction zone. Sediments under
various pressure and temperature conditions in the subduction zone experience
substantial changes that are considered to contribute greatly to the complexities
of subduction zone earthquakes. In this work, we focus on the compaction of
sediments and sedimentary rocks in the accretionary wedge that are highly porous.
Compaction of porous materials in the accretionary wedge was once considered to
contribute to the aseismic nature of the plate interface in the shallow subduction
zone (Zhang, Davis, andWong, 1993).

When porous materials are compacted in the undrained condition (as in the
rapid loading of earthquake rupture) the pore pressure increases significantly when
pore space closes while pore fluids are nearly incompressible, resulting in a much
larger pore pressure increase than that by the elastic compression alone. In this work,
wewill incorporatecompaction inourporoplasticmodelof shallowsubductionzone
earthquakes (Ma, 2012;Ma andHirakawa, 2013) by using an end-cap yield criterion
(e.g., Wong, 1997). A likely scenario is that material in the wedge is on the verge of
compactant failure initially. Compaction induces the pore pressure increase that in
turnreduces effective stress andcauses shear failure.Wehypothesize that compaction
can significantly enhancecoseismicwedge failure,whichwillmakeourwedge-failure
mechanismmore plausible in explaining well-documented anomalous observations
for shallow subduction zone earthquakes, such as slow rupture velocity, large
seafloor uplift, deficiency in high-frequency radiation, and low energy-to-moment
ratio.

A Joint Seismic and Geodetic Rupture Model for the 2012 Haida Gwaii
Earthquake and the Location of Slip on the Interface Relative to the Queen
Charlotte Fault
POLET, J., Cal Poly Pomona, Pasadena, CA, jpolet@csupomona.edu; SIMONS,
M., Seismological Laboratory, Caltech, Pasadena, CA, simons@gps.caltech.edu;
FIELDING, E. J., Jet Propulsion Laboratory, California Institute of Technology,
Pasadena, CA, eric.j.fielding@jpl.nasa.gov; SAMSONOV, S. V., Canada
Centre for Remote Sensing, Natural Resources Canada, Ottawa, ON, Canada,
sergey.samsonov@nrcan-rncan.gc.ca

TheOctober 28th, 2012, Mw7.8Haida Gwaii earthquake occurred off the coast of
northernBritishColumbia, in the transition region between subduction of the Juan
de Fuca plate beneath the North American plate and a transform fault between the
Pacific plate and North American plate: the Queen Charlotte Fault System. In the
immediate vicinity of theHaidaGwaii earthquake rupture, relativemotion between
the North American and Pacific plates is more transpressional in nature than to the
North, where theQueenCharlotte Fault System has produced several large (M8+)
strike-slip earthquakes. The mechanism of the October 28th, 2012, earthquake is
indicative of Pacific plate underthrusting beneath Haida Gwaii, showing slightly
oblique thrust faulting on a shallowly dipping plane with a strike parallel to the
Queen Charlotte Fault.

We will present the results from a joint kinematic rupture inversion using
teleseismic body and surface wave data, and InSAR data. We incorporate two
RADARSAT-2 differential interferograms calculated from Wide Swath beam
images from left and right-looking operations on two ascending orbital tracks
with time intervals of 8 10 months. Preliminary results of our inversions indicate a
single primary slip regionwith a width of 100 120 km along trench, from 52.75◦N
to the South, and a maximum of 5 m of slip. We will conduct Bayesian inversions
of the interferogram displacements to further analyze the resolution of the depth of
significant slip and in particular whether the rupture is constrained to the shallower
part of the subduction interface to theWest of the Queen Charlotte Fault.
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Relationship between High-frequency Radiation and Asperity Rupture,
Revealed by Hybrid Back-projection with Non-planer Fault
OKUWAKI, R., University of Tsukuba, Japan, rokuwaki@gmail.com; YAGI,
Y., University of Tsukuba, Japan, yagi-y@geol.tsukuba.ac.jp; HIRANO, S.,
University of Tsukuba, Japan, hirano@kz.tsukuba.ac.jp

High-frequency (HF) radiation, in general, is generated by abrupt change of
rupture front velocity and/or slip-rate. Therefore, analysis of HF waves is crucial to
understand thedynamic ruptureprocess of earthquakes.Thehybridback-projection
(HBP) method (Yagi et al., 2012) enables us to obtain the detailed spatiotemporal
distribution of HF radiation by stacking cross-correlations of observed waveforms
with corresponding Green’s functions, By using the cross-correlation, the HBP
method can mitigate the effects of subsurface structure.

Inthis study,wedevelopedanewHBPmethodbyintroducinga3Dnon-planar
fault model based on a subducting plate geometry (Tassara & Echaurren, 2012).
We applied it to teleseismic P-waveform data (0.5 2.0 Hz) of the 2010 Maule,
Chile earthquake (Mw = 8.8) and then compared our result with a coseismic
slip distribution obtained by the new waveform inversion (Yagi & Fukahata,
2011).

At the beginning, strong HF radiation is generated near the hypocenter,
and then large slip event follows near the site of strong HF radiation. After 30 s,
intermediateHFradiation areapropagated fromsouth tonorth,which concentrates
along the rupture frontobtainedby thewaveform inversion.Around60 s, the second
strong HF radiation occurs ahead of the rupture front obtained by the waveform
inversion at 200 km north from the epicenter, and soon after that the second large
coseismic slip event follows at about the same location.

The strongHF radiation events before the large slip eventsmay be understood
in the frameworkof a cascading asperitymodel (Ide&Aochi, 2005).Theprecursory
strong HF radiation may be generated by the rupture of a relatively small asperity,
which contributes to triggering of rupture of a relatively large asperity. Intermediate
HF radiation obtained in-between the first and second large slip events may
play a key role in the interaction between the south and the north large slip
events.

The Occurrence of Two Types of Megathrust Earthquakes in South Central
Alaska
REEDER, J. W., State of Alaska, Div. Geological & Geophysical Surveys, Retired,
Fairbanks, AK, jreeder@usgs.gov

Up to now, it has not been clarified whether the 1964 megathrust earthquake for
the south central Alaska part of the thrust was between YAK (Yakutat Plate) &
NA (North American Plate) and/or PAC (Pacific Plate) & YAK (Brocher et al.,
1994; Freymueller et al., 2008). Berg (1965) recognized the P wave of the 1964
earthquake was divided into two first motions with the second striking N 16◦ W
with a NE dip of 26◦ , which is the Wrangell subduction part of the earthquake.
In 1964, the Patton Bay and Hanning Bay faults in the SW Prince William Sound
had reverse uplift (Plafker, 1967). Based on 1964 horizontal displacements (Parkin,
1966), the YAP&NAmoved S from theAleutian subduction zone against the YAP
& NA that moved W from the Wrangell subduction zone, causing these reverse
uplifts. There is also a clear ENE displacement indicated by this data between YAK
& NA for the Prince William Sound. But such movements are lacking to the W
where the YAP appears stuck with the NA (Arke et al. 2013). The YAP needs to
moveNNW,whichwill happenwhen amore continentalmegathrust occurs, which
would be principally between YAP & NA. The crust is now folding (Freymueller
et al., 2008) as if theNA is indeed separating from theYAKat awave length of about
200 kms. The crustal fold of the 1964 megathrust indicates the YAK was actually
attached to theNAbecause its maximum fold wavelengthwas 475 km (Biot, 1961).
Therefore, two types of megathrust earthquakes occur in south central Alaska: the
1964Pacific type, principally betweenPAC&YAK; and themore continental type,
principally between YAK & NA. Based on Knik Arm subsidence events (Reeder,
2012), these two types alternate at about 520 yrs for the Pacific and 380 yrs for the
continental. The next megathrust earthquake would be expected in about 330 yrs.
Such a continental megathrust would result in reverse uplift on the N side of the
Castle Mountain fault.

Induced Seismicity
Poster Session ·Thursday · 1May ·Cook/Arteaga

Characteristics of Induced/Triggered EarthquakesDuring TheGuy-Greenbrier
Earthquake Sequence (2010 2011) in North-Central Arkansas
OGWARI, P. O., CERI University of Memphis, Memphis, TN,
opogwari@memphis.edu; HORTON, S. P., CERI University of Memphis,

Memphis, TN, shorton@memphis.edu; AUSBROOKS, S. M., Arkansas
Geological Survey, Little Rock, AR, scott.ausbrooks@arkansas.gov

Between August 2010 and June 2011, an intense sequence of induced/triggered
earthquakes occurred along the Guy-Greenbrier fault in central Arkansas due to
fluid injection at nearby waste disposal wells (Horton, 2012). The previous study
was limited to ∼1,000 earthquakes having md > ∼2.0. Here we present results
for the recently updated catalogue of∼16,000 earthquakes that appears complete
between 0<=ml<= 4.1 for the initial part of the sequence betweenAugust 2010
andOctober 20, 2010.The inclusionof the smallmagnitude events has revealed that
seismicity started a month earlier and further north than earlier established using
only md >2 events. This has helped in understanding the timing and migration
of earthquakes along the fault. During this period of time, the seismicity migrated
from north to south illuminating a previously unknown and nearly vertical fault
trending∼N20E (∼10km long) with two joined segments The seismogenic zone
confinedmainlywithin the crystallinePrecambrianbasement (∼3km< z<7.5km)
though some were observed to occur within the lower Paleozoic on the northern
end of the fault. Earthquake size distribution is not uniform with depth. The small
earthquakes (ml<1.0) concentrate near the upper portion of the fault, and large
events (ml > 4.0) occur along the bottom. A b-value of 1.0 was obtained for the
updated catalog during this period with the b-value varying between 1.2 and 0.8
for different clusters of events. Preliminary results from cross-correlation of the
first-motion of most of the earthquake’s P-waves and that of the M4.1 event are
consistent with right-lateral strike-slip on a N20E oriented fault. The pattern of
seismicity at∼5km depth is coincident with structural geologic features observed
within theFayetteville Shale (at∼1500mdepth).Though thegenesis of the twomay
not be fully understood at this time, it does suggest a potential relationship between
both.

EarthquakeMonitoring in EasternCanadianAreaswith ShaleGas Exploration
Potential
LAMONTAGNE,M., Geological Survey of Canada, Ottawa, ON, Canada,
malamont@nrcan.gc.ca

Two eastern Canadian areas have had some shale gas exploration activities in recent
years: theOrdovicianSt.LawrenceLowlandsofQuebec (Qc)andtheCarboniferous
Basin of southeasternNewBrunswick (NB). In these two areas, hydraulic fracturing
was done for exploration purposes and involved small volumes of fluids injected
over short periods of time. In these two areas, this exploration activity took place
a few years ago and is now stopped, either indefinitely (Qc) or until further notice
(NB). Over the last few years, additional seismograph stations with broadband
seismometershaveconsiderably improvedthemonitoringcapabilityof theCanadian
National Seismograph Network (CNSN).

Both Qc and NB have naturally occurring earthquakes, but at a very low
rate of occurrence. For these, focal depths are generally between 7 and 25 km but
some shallower earthquakes are also known. For the St. LawrenceLowlands,we have
investigated thepossibility that someof thedetectedearthquakes couldbeassociated
in time and in space with the shale gas exploration work conducted between 2006
and 2011. Specifically, we compared earthquake parameters (locations and origin
times) and the basic record of well operations (locations and time periods when
hydraulic fracturing was performed). For the very few earthquakes that satisfy the
time and spatial conditions, seismic waveforms at stations within 100 km from
the epicentres are systematically examined for an Rg phase indicative of a shallow
source. We will present results for the St. Lawrence Lowlands Region. Our study
for the NB region is only starting. In 2012 and 2013, additional stations have
been deployed there to improve the regional seismic network’s detection level. The
improved network can detect events as small as magnitude mN 1.0 in NB, and will
provide background information (rates, epicenters, focal depths) on the naturally
occurring seismicity.

Seismic Monitoring at the Decatur, IL, Carbon Dioxide Sequestration
Demonstration Site
MCGARR, A., USGS, Menlo Park, CA, mcgarr@usgs.gov; KAVEN, J. O.,
USGS, Menlo Park, CA, okaven@usgs.gov; HICKMAN, S. H., USGS, Menlo
Park, CA, hickman@usgs.gov; WALTER, S. R., USGS, Menlo Park, CA,
swalter@usgs.gov; SVITEK, J., USGS, Menlo Park, CA, jsvitek@usgs.gov;
ELLSWORTH,W. L., USGS, Menlo Park, CA, ellsworth@usgs.gov

Theviabilityof carboncaptureandstorage (CCS) to reduceemissionsofgreenhouse
gases dependson the ability to safely sequester largequantities of carbondioxideover
geologic time scales. One concern is the potential for induced seismicity.We report
on seismic monitoring by the USGS at a CCS demonstration site in Decatur, IL.
This is the first (and to date only) CCS project in the U.S. employing high-volume
carbondioxide injection into an extensive brine aquifer. Supercritical carbondioxide
is injectedat2.1kmdepth into theMt.SimonSandstone, abasal aquiferover granitic
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basement. The primary sealing cap is the Eau Claire Shale at a depth of roughly
1.5 km. The Illinois State Geological Survey (ISGS) manages the ongoing Illinois
Basin Decatur Project, a three-year project beginning in November 2011 during
which carbon dioxide is injected at a rate of about 1000 metric tons/day. Archer
Daniels Midland (ADM) manages the nearby Illinois Industrial Carbon Capture
and Storage project, which, pending permit approval, will add 2000metric tons/day
to the total injection rate sometime in 2014.

The USGS seismic network, about 8 km in extent, was installed in July 2013
and consists of 12 stations, including three in 150 m boreholes. We derived a one-
dimensional velocity model from a vertical seismic profile acquired by ADM and
the ISGS to a depth of 2.2 km, tied into acoustic logs from our borehole stations.
We use this model to locate events, all of which are within the footprint of our
network. We calculate seismic moments by integrating the first pulses of P- and
S-wave arrivals of the displacement traces. Moment magnitudes of these events
range from Mw = −0.81 to 1.15. These events tend to group into two distinct
clusters: 0.4 to 1.0 km NE and 1.8 to 2.6 kmWNW from the injection well. Most
of these microearthquakes have been located in the granitic basement, well below
the caprock, and are unlikely to have compromised the integrity of the seal.

MicroseismicNetwork Performance Estimation: Comparing Predictions to an
Earthquake Catalogue
GREIG, D. W., Nanometrics Inc., Kanata, ON, Canada, WesGreig@
nanometrics.ca; ACKERLEY, N. J., Nanometrics Inc., Kanata, ON, Canada,
NickAckerley@nanometrics.ca

The design of networks for monitoring induced seismicity is of critical importance
as specific standards of performance are necessary. One of the difficulties involved
in designing networks for monitoring induced seismicity is that it is difficult
to determine whether or not the network meets these standards without first
developing an earthquake catalog. We develop a tool that can assess two key
measures of network performancewithout an earthquake catalog: location accuracy
and magnitude of completeness. Site noise is measured either at existing seismic
stations or as part of a noise survey. We interpolate measured values to determine a
noise map for the entire region. This information is combined with instrument
noise for each station to accurately assess total ambient noise at each station.
Location accuracy is evaluated according to the approach of Peters and Crosson
(1972). Magnitude of completeness is computed by assuming isotropic radiation
and mandating a threshold signal to noise ratio (similar to Stabile et al. 2013).
We apply this tool to a seismic network in the central United States. We predict
the magnitude of completeness and the location accuracy and compare predicted
values with observed values generated from the existing earthquake catalog for the
network. We investigate the effects of hypothetical station additions and removals
to a network simulating network expansions and station failures. We find that the
addition of stations to areas of low noise results in significantly larger improvements
innetworkperformance than stationadditions toareasof elevatednoise, particularly
with respect tomagnitude of completeness. Our results highlight the importance of
site noise considerations in the design of a seismic network. The ability to predict
hypothetical station performance allows for the optimization of seismic network
design and enables the prediction of performance for a purely hypothetical seismic
network.

Spatio-Temporal Evolution of Earthquake Clusters in Natural and Induced
Seismicity
ZALIAPIN, I., University of Nevada Reno, Reno, NV, zal@unr.edu; BEN-ZION,
Y., University of Southern California, Los Angeles, CA, benzion@usc.edu

Recent increase of seismic activity in the Midwestern US and other areas with
hydrocarbon and geothermal production highlights the increased risk posed by
human-induced seismicity, which may be especially acute in California and other
tectonically active regions. Reducing the risk associated with natural and induced
earthquakes requires improved understanding of spatio-temporal variations of
seismicity. Our recent studies established the general existence of several main types
of seismic clusters (singles, burst-like, swarm-like) that can be robustly detected in
natural earthquake catalogs and are correlated with properties of the crust. This
provides a platform for defining the regional cluster style (dominant type of cluster
statistics) and cluster anomalies (deviations from the average style), and studying
their relations to various ongoing loadings, including induced events related to
exploration activities, and evolution leading to large earthquakes. Here we analyze
natural and induced seismicity of California (including theGeysers, SaltonTrough,
San Jacinto), Midwestern US, and induced seismicity in the TauTona gold mine
in South Africa. We show that the cluster style of areas with dominant induced
seismicity (e.g., Geysers, Salton Trough, TauTona) is different from that of areas
with dominant natural earthquakes (e.g., San Jacinto). We demonstrate that both
natural and induced seismicity followexponentialmagnitude-dependent aftershock
productivity, with the same exponential index near 1 and intercept that is an order

of magnitude larger for natural seismicity. We perform comparative analysis of
foreshock productivity as well as general analysis of cluster type with focus on
development of large events in induced and natural environments. The results offer
several robust statistical characteristics that distinguish natural and induced seismic
activity, and could be further explored towards understanding the initiation of large
events in different areas.

Geothermal Pumping and Induced Seismicity in California Geothermal Fields
WEISER, D. A., UCLA and USGS, Los Angeles and Pasadena, CA, dweiser@
ucla.edu; JACKSON, D. D., UCLA, Los Angeles, CA, david.d.jackson@
ucla.edu; JONES, L. M., USGS, Pasadena, CA, jones@usgs.gov

Geothermal energy is an important source of power. However, an impediment
to future growth is a concern over the potential that geothermal production
and other pumping technologies can induce earthquakes, as observed in New
Zealand, Switzerland, the US and elsewhere. Induced earthquakes in California
could potentially trigger large earthquakes on the San Andreas and other major
faults. Thus, it is critical to better understand the relationship between geothermal
production and induced seismicity.

We examine the relation between fluid volume change and seismicity criteria
detailed in Davis and Frohlich (1993) at each geothermal field, and analyze data
for other conditions or correlations that imply induced earthquakes have occurred.
Initial results suggest that seismicity often increases when a new geothermal field
beginspumping, andthat there are temporal correlationsbetween fluctuations innet
fluid volume and seismicity.Monthly injection and extraction totals for geothermal
fields in California are freely available from the California Department of Oil,
Gas, and Geothermal Resources. Seismicity data are available from the Waveform
RelocatedEarthquakeCatalog for SouthernCalifornia (Hauksson et al., 2012), and
the Double Difference Earthquake Catalog for Northern California (Waldhauser
and Schaff, 2008). Southern California seismicity data are supplemented with
SouthernCaliforniaSeismicNetwork(SCSN)data from2011 2013(Huttonet al.,
2010).

Precision and Accuracy of Micro-Seismic Event Locations
MYERS, S. C., Lawrence Livermore National Laboratory, Livermore, CA,
myers30@llnl.gov; JOHANNESSON, G., Lawrence Livermore National
Laboratory, Livermore, CA, johannesson1@llnl.gov; TEMPLETON, D. C.,
Lawrence Livermore National Laboratory, Livermore, CA, templeton4@llnl.gov;
MATZEL, E. M., Lawrence Livermore National Laboratory, Livermore, CA,
matzel1@llnl.gov

Studies of in-situ rock fracture rely heavily on locations of micro earthquakes to
determine the geometry and spatial activity of fracture systems. Unfortunately,
spatial patterns of estimated micro-seismicity and numerical simulations of over-
pressure fracturing have proven difficult to reconcile. In this study we use both
synthetic and real data to evaluate precision and accuracy of micro-seismic event
locations to improve theutility ofmicro-seismic bulletins for in-situ fracture studies.
Our goal is to achieve location uncertainty on the order of 10 meters. Data used
in this study are from the Newberry geothermal field in Oregon. Synthetic data
are also based on the Newberry network and event geometry. Synthetic tests show
that events can be located within 10 meters of the true location if phase arrival
times are measured with a precision of 0.01 second and travel time prediction
errors are negligible. Uncertainty of locations determined using our multiple-event
micro-Bayesloc software and analyst arrival time measurements (picks) of real data
suggest that locationsaregenerallyconstrainedtowithin100meters.Micro-Bayesloc
uncertainty analysis entails Markov-Chain Monte Carlo sampling that includes
modeling both pick and travel-time prediction uncertainty. Re-picking arrival times
particularly S-waves after rotation of 3-component seismograms to principle

components of particle motion improved both pick precision and reduced spurious
measurements, resulting in location uncertainty on the order of 30 meters. We
are currently conducting tests to determine whether utilization of a 3-dimensional
model of seismic velocity can further reduce location uncertainty of real events
to the level of error in synthetic test, i.e. 10 meters. This work performed under
the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344.

Examining Induced Seismicity in SE NewMexico in the Vicinity of theWaste
Isolation Pilot Plant
EDEL, S. S., New Mexico institute of Mining and Technology, Socorro, NM,
sedel@nmt.edu; BILEK, S. L., New Mexico institute of Mining and Technology,
Socorro, NM, sbilek@nmt.edu; INGATE, S. F., NewMexico institute of Mining
and Technology, Socorro, NM, singate@ees.nmt.edu

Induced seismicity is a humangeneratedphenomenon that causes a release of seismic
stress in the crust throughhumanactivities such as surface andundergroundmining,
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impoundment of reservoirs, withdrawal of fuids and gas from the subsurface, and
injectionof fuids intoundergroundcavities.TheNewMexico sectionof thePermian
basin is in an active area of oil and gas production. The region is also the home of
theWaste Isolation Pilot Plant (WIPP), a geologic repository for radioactive waste,
located just east ofCarlsbad,NM,close to the regionof active industry activity. Small
magnitude earthquakes have been recognized in the area for many years, recorded
by a network of short period vertical component seismometers operated by New
Mexico Tech. However, for robust comparisons between the seismicity patterns
and the injection well locations and rates, improved locations and a more complete
catalog over time are necessary. Here we present a revised catalog of earthquakes
in this area, with improved locations resulting from the addition of data from
the 3-component broadband EarthScope Flexible Array SIEDCAR experiment
that operated in the area between 2008 2011. Known events are relocated with
the additional phase picks from the SIEDCAR stations and compared with the
injection well locations. We also use the known events as templates for a waveform
scanning efort to identify additional events that occurred within the time period.
This more complete seismicity catalog is then compared with the available monthly
injection rates during this time period.

Source Characteristics and Failure Process of Hydraulic Fracturing Micro-
Seismic Events Located Within and Below the Target Formation
VIEGAS, G., ESG Canada Inc., Kingston, ON, Canada, gisela.fernandes@
esgsolutions.com; URBANCIC, T., ESG Canada Inc., Kingston, ON, Canada

We investigate and compare the source characteristics and failure process of
two clusters of micro-seismic events induced during a hydraulic fracturing shale
completion program: one composed of small magnitude (<-M1) events located
within the target formation, typical of hydraulic fracturing treatments, another
composed of larger magnitude (>M0) events located below the treatment zone,
associated with slip on pre-existing faults. The difference in the failure process of
the two clusters, conditioned by fracture strength, local stress and its perturbation
mechanism, is reflected in the source signal. The micro-seismic events are well
recorded by a hybrid system consisting of large-aperture multi-well-arrays of high-
frequencygeophonesdeployednear the source, andarraysofaccelerometers and low-
frequency geophones deployed near the surface, which captures a larger bandwidth
than typical downhole recording systems, thereby allowing for the analysis of the
rupture process at various scales.We calculate static and dynamic source parameters,
such as stress drops, radiated energy, and seismic efficiency using various time and
frequency analysis methods. The clusters follow different scaling relationships with
deep events having higher average stress drops. We calculate full moment tensor
solutions and determine fracture planes using stress field information. Relative to
the regional maximumhorizontal stress, deep events have fracture planes orientated
close to the optimal failure direction, and in zone events showmostly perpendicular
orientedfractures, consistentwithtensilemechanisms.Weinvestigate thedifferences
in the two rock weakening processes to injection. We calculate rupture velocities
and analyze the energy budget and rupture complexity as it provides constraints on
the initiation and healing of the rupture mechanism, where high frequencies relate
to fault edge effects and breaking of asperities and low frequencies with the overall
slip on the fault.

Comparison of Empirical and Model-Based Matched Field Processing (MFP)
Earthquake Detection Techniques at the Newberry EGS Site
TEMPLETON, D. C., Lawrence Livermore National Laboratory, Livermore,
CA, templeton4@llnl.gov; MATZEL, E. M., Lawrence Livermore National
Laboratory, Livermore, CA,matzel1@llnl.gov; HARRIS, D. B., Deschutes Signal
Processing, Maupin, OR, oregondsp@gmail.com

We apply the Matched Field Processing (MFP) earthquake detection method
to identify more and smaller microearthquakes at the Newberry EGS site than
can be identified using traditional STA/LTA earthquake detection methods
alone. The MFP approach uses pre-calculated templates to match the spatial
structure of continuous seismic data to a selection of known master templates.
We compare the effectiveness of empirical master templates created from previously
observed earthquakes with model-based master templates created from computed
waveforms.

Using ambient noise correlation (ANC), we created a 3D model of the
Newberry site down to a depth of 5km. We collected continuous data for the
22 stations in the Newberry network, together with 12 additional stations from
the nearby CC, UO and UW networks. The data were instrument corrected,
whitened and converted to single bit traces before cross correlation according to
the methodology laid out in Benson (2007). We calculated synthetic seismograms
through both an original 1D model and the ANC 3D model using the reflectivity
method and the LLNL SW4 code, respectively. We validate the model-based
template approach by comparing the synthetic waveforms to actual observed events.
Although the 1D synthetics are only able to capture one or two peaks of the actual
wavetrain, the 3D synthetics are able to capture significantlymore of the complexity

of the surface waves. We will compare the results from using the empirical MFP
method at theNewberry EGS sitewith results obtained fromusing themodel-based
master templates.

This work performed under the auspices of theU.S.Department of Energy by
LawrenceLivermoreNational Laboratory underContractDE-AC52-07NA27344.

Seismic Efficiency, Overshoot and Enhanced Dynamic Weaking of Fractures
Associated with Stimulation in Heavy Oil Reservoirs
MEIGHAN, L. N., ESGCanada Inc., Kingston, ON, Canada, lindsey.meighan@
esgsolutions.com; URBANCIC, T. I., ESG Canada Inc., Kingston, ON, Canada,
urbancic@esg.ca; BAIG, A.M., ESGCanada Inc., Kingston, ON, Canada, adam.
baig@esgsolutions.com

The objective of this paper is to better understand the different fracturing process
of two passive seismic datasets over a 30 month period for two reservoirs, steam
injection andwater flooding, by investigating radiated energy and seismic efficiency.
We calculate the Savage-Wood Efficiency (?sw) and overshoot of microseismic
events recorded in two reservoirs with different stimulations.We find under similar
geological conditions, the seismic efficiency for steam injection compared to water
flooding are unique across the datasets with the implication that temperature and
fluid pressure having a different impact on the fracturing dynamics. Reservoir A
(steam injection) with 4069 events (Mw = −2.2 top −0.2) are low efficiency
(ν = 0.01 to 0.48) and considered in overshoot (e = 0.1 to 0.5). Reservoir B
(water flooding) has much fewer events but greater range of magnitudes (Mw =
−1.4 to 1.8); with a combination of low and high efficiency events. There are 1545
events with low efficiency (overshoot = 0.002 to 0.49) and 213 events with high
efficiency (undershoot=−415 to 0.49), suggesting enhanced dynamic weakening.
Overshoot occurs when the dynamic strength of the fault is relatively higher than
final stress acting on the fault and less energy is radiated during fracture. Further to
this study, we propose to explore in the effects of fracture efficiency in the failure
process and infer changes in fracture energy with other source parameters with
event size. Additionally, exploring the dynamic stress drop by determining the peak
acceleration and velocity value to calculate the radius of the most energetic asperity
and thus maximum stress release; for which we can calculate rupture velocity and
interpret changes in the failure process for different reservoir stimulations.

A Study of the Potential for Induced Seismicity Resulting from CO2 Injection
at Kimberlina, Southern San Joaquin Valley, California
BRADLEY, C. R., Los Alamos National Laboratory, Los Alamos, NM,
cbradley@lanl.gov; LEE, R. C., Los Alamos National Laboratory, Los Alamos,
NM, rclee@lanl.gov; COBLENTZ, D. C., Los Alamos National Laboratory, Los
Alamos,NM,cobletz@lanl.gov;WILSON,J.E.,LosAlamosNationalLaboratory,
Los Alamos, NM, jenwilson@lanl.gov; STONE, I. P., Los Alamos National
Laboratory, Los Alamos, NM, istone@lanl.gov

As part of the National Risk Assessment Program (NRAP) for geologic
sequestration of CO2, a study of the potential for induced seismicity and
consequent groundmotion is being conducted for Kimberlina, a candidate location
in the Southern San Joaquin Valley, California. The goal of this program is to assess
the effect of the rates and locations of hypothetical CO2 injection in a predictive
model to estimate the potential seismic impacts of induced stresses on the existing
faulting regime. A probabilistic framework will be used to explore the production
of both induced and tectonic earthquakes. This scheme will be used to guide
characterization and monitoring programs prior to any injection program. Our
study includes accumulating and estimating geologic and geophysical information
of the basin structure and shallow velocity structure (e.g. Vs30), characterization
of active and potentially active faults, and modeling the effect of the ambient stress
field on the faults.

Integrating this information, groundmotion prediction is estimated for some
of the most potentially hazardous faults by using several databases and techniques.
First, a review of the historical seismicity provides baseline hazard, then ground
motion prediction equations (GMPEs) derived from induced seismicity studies at
hydrothermal injection sites are modified to include variations in Vs30. In addition,
regional tectonicGMPEresultsareusedtodevelopShakeMapestimates forpotential
earthquakes in the Southern San Joaquin Valley.

This research is a multi-laboratory effort in the Department of Energy
Complex including Los Alamos, Lawrence Livermore, Lawrence Berkeley National
Laboratories and the National Energy Technologies Laboratory.

Characterizing Potentially Induced Earthquake Rate Changes in the Brawley
Seismic Zone, CA
LLENOS, A. L., US Geological Survey, Menlo Park, CA, allenos@usgs.gov;
MICHAEL, A. J., US Geological Survey, Menlo Park, CA,michael@usgs.gov

The Brawley Seismic Zone (BSZ), located in the Salton Trough of southern
California, has a long history of earthquake swarms and geothermal energy
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exploitation. Some of these earthquake rate changes may have been induced by
fluid extraction and injection activity at local geothermal fields, particularly the
North Brawley Geothermal Field (NBGF) and the Salton Sea Geothermal Field
(SSGF) (e.g., Chen and Shearer, JGR, 2011; Brodsky and Lajoie, Science, 2013).
We explore this issue by examining earthquake rate changes and interevent distance
distributions in these fields. For example, in Oklahoma and Arkansas, where
considerable wastewater injection occurs, increases in background seismicity rate
and aftershock productivity and decreases in interevent distance were diagnostic of
fluid-injection induced seismicity (Llenos andMichael, BSSA, 2013). Here we test
if similar changes occur that may be associated with fluid injection and extraction
in geothermal areas. We use the stochastic Epidemic-Type Aftershock Sequence
(ETAS)model (Ogata, JASA,1988) todetect changes in theunderlying seismogenic
processes, shown by statistically significant changes in themodel parameters.Model
changes in the SSGF roughly occur when large changes in net fluid production
occur, but a similar correlation is not seen in the NBGF. Also, while increases in
both the background seismicity rate and aftershock productivity parameters were
associated with fluid-injection induced earthquake rate changes in Oklahoma and
Arkansas, in the BSZ only the background rate increases significantly, which tends
to correspond with net fluid production rate increases. Moreover, in both fields the
interevent spacing does not change significantly with the start of field operations in
1982. This suggests that geothermal field activities may not significantly change the
physics of earthquake interactions, but earthquake rates may still be driven by fluid
injection or extraction rates, particularly in the SSGF.

Extreme Shallow Earthquakes in the Sedimentary Basin of Imperial Valley,
Triggering of Extensional Faulting by Fluid Injection
WEI, S., Caltech, Pasadena, CA, shjwei@gmail.com; HUDNUT, K., USGS,
Pasadena, CA, hudnut@usgs.gov; ANDREA, D., JPL, Pasadena, CA, andrea.
donnellan@jpl.nasa.gov; PARKER, J. W., JPL, Pasadena, CA, jay.w.parker@
jpl.nasa.gov; GRAVES, R., USGS, Pasadena, CA, rwgraves@usgs.gov;
HELMBERGER, D. V., Caltech, Pasadena, CA, helm@gps.caltech.edu;
FIELDING, E. J., JPL, Pasadena, CA, eric.j.fielding@jpl.nasa.gov; LIU, Z., JPL,
Pasadena, CA, Zhen.Liu@jpl.nasa.gov

Surface faulting has been discovered in association with a shallow extensional
M4.7 earthquake that occurred late in the 2012 Brawley swarm. The earthquake is
studied by joint analysis of geodetic data including UAVSAR (Uninhabited Aerial
VehicleSyntheticApertureRadar)dataand levelingmeasurements alongwith strong
motion waveform data.While the horizontal location of basin earthquakes are well
established by dense arrays, accurate depth estimates require either well identified
depth phase and/or the development of high frequency surface waves. Both these
features are satisfied for this very shallow normal event indicating a centroid depth
of 2km which is consistent with the long period waveform inversion of basin
stations. Clear surface rupture produced by the earthquake is well recorded by
the UAVSAR data and field observations. The joint inversion indicates a bilateral
rupture centered at the depth of 2km with maximum slip amplitude of ∼30cm
and averaged rupture velocity of 1.75km/s which is about 90% of the shear wave
speed at the depth of 2km. Subsidence recorded by the leveling data two years
prior to the swarm (2009-Nov to 2011-Dec) can be well explained by the aseismic
slip on the same fault but located about 2km to the south of the centroid of
the M4.7 earthquake, revealing complimentary distributions between seismic and
aseismic slips. The spatial correlation between the location of geothermal injection
wells and the subsidence along with coulomb stress analysis from previous swarm
activity suggests the possibility of multiple triggering mechanisms for this shallow
extensional event.

Estimation of Seismic Hazard Due to Induced Seismicity Related to Deep
Geothermal Wells
SPIES, T., BGR, Hannover, Germany, thomas.spies@bgr.de;
SCHLITTENHARDT, J., BGR, Hannover, Germany, joerg.schlittenhardt@
bgr.de; KOPERA, J. R., BGR, Hannover, Germany, juergen.kopera@bgr.de;
MORALES,W., BGR, Hannover, Germany, wilhelm.morales@bgr.de

During development and operation of deep geothermal wells fracture processes
can occur at different scale which are associated with induced seismicity. Cold
fluid is injected into the well and heated fluid is pumped out, so that the rock is
exposed to injection pressures and thermal stresses. Thus cracks may be generated
or expandedwhich can be detected asmicroseismic activity using local seismometer
networks. The increase of pore pressure on existing fault planes under tectonic
stresses may also cause seismic events which can be felt. A similar problem exists
in other industrial processes that are related to energy development and in which
the pore pressure is changed, e. g. hydraulic fracturing for shale gas development,
production of natural gas and crude oil and injection of liquid waste or liquid
CO2.

For the planning and licensing, but also for development and operation of the
wells (andplants), the impactof inducedseismicity in formofpossible intensities and
ground motions needs to be specified. To achieve this, methods for the estimation
of seismic hazard in case of natural seismicity can be modified and applied. In the
research projectMAGS,Microseismic activity of geothermal systems’ funded by the
German FederalMinistry of Environment (BMU) a simplemodel was developed to
determine seismic hazard as the probability of the exceedance of groundmotion of a
certain size.Onthisbasis, theproceduresof standards andguidelinesof construction
dealing with natural seismicity and vibration phenomena could be transferred to
the treatment of induced seismicity. Using limiting values from guidelines, e. g. for
the feeling of seismic motion or for weak damage of buildings, it is thus possible to
specify the probability of exceedance of such values and to decide whether this can
be accepted or not. On the other hand the results can be compared to the impact of
natural seismicity to evaluate whether the impact of induced seismicity is relevant
or not.

Large andDamaging Earthquakes of 2013/2014
Poster Session ·Thursday · 1May ·Cook/Arteaga

The ISC Event Bibliography: A Useful Service for Studying Notable Seismic
Events
DI GIACOMO, D., International Seismological Centre, Thatcham, United
Kingdom,domenico@isc.ac.uk; STORCHAK,D.A., International Seismological
Centre, Thatcham, United Kingdom, dmitry@isc.ac.uk; SAFRONOVA,
N., International Seismological Centre, Thatcham, United Kingdom,
natalia@isc.ac.uk; OZGO, P., International Seismological Centre, Thatcham,
UnitedKingdom;HARRIS, InternationalSeismologicalCentre,Thatcham,United
Kingdom

The International Seismological Centre (ISC) is a not-for-profit organization in
charge of the definitive worldwide summary of seismic events (ISC Bulletin). The
ISC Bulletin contains parametric data both for natural and man-made seismic
events starting from beginning of last century. We linked the information available
in the ISC Bulletin to bibliographic records (mostly peer-reviewed journals). This
allows us to offer a map-based web service that supports users in selecting references
to scientific publications related to either specific events or events in the area
of interest. Notably, some of the greatest earthquakes were described in several
hundredsofarticlespublishedoveraperiodof fewyears.The journals included inour
database encompass a variety of fields in geosciences (e.g., engineering seismology,
earthquake seismology, geodesy and remote sensing, tectonophysics, monitoring
research, tsunami, geology, geochemistry, hydrogeology, atmospheric sciences, etc.),
thus making this service useful in multidisciplinary studies. Currently the ISC
Event Bibliography includes over 15,000 individual publications from about 500
titles related to events occurred in last 100+ years. Althoughmany publications for
seismic events occurred in 2013 are yet to come, we have already links to references
for some notable event like the 20 of April Lushan and the 24May Sea of Okhotsk
earthquakes.

In this contribution we show how the ISC Event Bibliography helps in
gathering information about specific seismic events and its usefulness during paper
preparation for authors (hence for reviewers and editors in the revision process).We
also suggest that the ISC Event Bibliography can be a useful resource to monitoring
agencies thatprovide informationontheseismicityofa regionsoonaftera significant
earthquake has occurred.

Possibility of the Independence between the 2013 Lushan Earthquake and the
2008 Wenchuan Earthquake on Longmen Shan fault, Sichuan, China
JIA, K., Peking University, Beijing, China, jk@pku.edu.cn; ZHOU, S., Peking
University, Beijing, China, zsy@pku.edu.cn; ZHUANG, J., The Institute of
Statistical Mathematics, Tokyo, Japan, zhuangjc@ism.ac.jp; JIANG, C., Institute
of Geophysics, China Earthquake Administration, Beijing, China, jiangcs@cea-
igp.ac.cn

The relationship between the Lushan Ms 7.0 earthquake occurred on 20 April
2013 and the 2008 Wenchuan Ms 8.0 earthquake is still under debate. One
view is that the Lushan earthquake is the strongest aftershock of the Wenchuan
earthquake and the converse opinion believes that the Lushan earthquake is an
independent event. To clean up this debate, we use the ETAS (Epidemic-type
aftershock sequence) model and the stochastic declustering method to obtain the
background/independent probabilities of the Lushan earthquake. The results show
that, besides triggered aftershocks in its source fault, theWenchuan earthquake also
changedthebackgroundseismicityrate intheLushanregion,about1.3astheoriginal
rate. The proportion of contributions to the occurrence of the Lushan earthquake
from the aftershock effect (in the sense of the ETAS model), the increment of
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the background seismicity, and the original background seismicity are, respectively,
12%, 50% and 38%.Considering the relaxation of the lower crust and uppermantle,
the combined (coseismicpluspostseismic viscoelastic)Coulomb failure stress (CFS)
changes on the initial rupture point of the Lushan earthquake are brought 0.1∼0.4
bar closer to failure. Thus, we propose the occurrence of the Lushan earthquake was
dramatically affected by theWenchuan earthquake.

Near Field Dynamic, Co-seismic and Post-seismic Deformations Associated
with the 2013,M7.8, and 2003,M7.6, South Scotia Ridge Earthquakes Observed
with GPS
SMALLEY, R.,CenterforEarthquakeResearchandInformation,UnivofMemphis,
Memphis, TN, rsmalley@memphis.edu; BEVIS, M. G., School of Earth Sciences,
Ohio State University, Columbus, OH, mbevis@osu.edu; ZAKRAJSEK, A. F.,
Direccion Nacional del Antartico Instituto Antartico Argentino, Buenos Aires,
Argentina, afz@dna.gob.ar; TEFERLE, F. N., Geophysics Laboratory, University
of Luxembourg, Luxembourg, Luxembourg, norman.teferle@uni.lu; DALZIEL,
I. W. D., Institute for Geophysics, University of Texas Austin, Austin, TX,
ian@utig.ig.utexas.edu; LAWVER, L. A., Institute for Geophysics, University of
Texas Austin, Austin, TX, lawver@utig.ig.utexas.edu; LARTER, R. D., British
Antarctic Survey, Cambridge, United Kingdom, rdla@bas.ac.uk

The South Scotia Ridge (SSR) left-lateral transform fault defines the Scotia plate’s
(SP) southern boundary separating it from the Powell Basin (PB), South Orkney
Microcontinent (SOM), and the Weddell Sea sections of the Antarctic plate
(AP). The SP developed as a space filling accommodation zone for S. America-
Antarctica relative motions, mostly during the last 40 m.y. The SSR also hosts
several restrainingandreleasingbends.TheSP,PBandSOMhavecomplexevolution
histories including large-scale displacement and stretching of the SOM, as well as
other continental fragments within the SP, all of which were incorporated into a
background of changing sea floor spreading geometries.

The SOM defines an∼300 km segment of the SSR opposite a section of the
SP that is primarily oceanic crust with a few small, stretched continental fragments.
Two large earthquakes, M7.6 and 7.8, with aftershock zones largely confined to the
northern SOM boundary, occurred on the SSR in 2003 and 2013. Moment tensor
solutions show they occurred on faults dipping ∼30 and 45◦ to the south. The
2013 event was almost pure, left-lateral strike-slip, while the 2003 event was oblique
but predominantly strike-slip. This is an unusual combination of fault dip and slip
direction. The half duration of both events is also relatively long.

A continuous GPS station on Laurie Island is located at the approximate
center, and close to the surface projection, of the finite fault models for the 2013
earthquake.We present co-seismic static offsets and post-seismic transients for both
earthquakes fromGPS daily position estimates. In addition, the station now records
at 1 Hz and we present the GPS displacement seismogram for the 2013 event. This
record contains a complex deformation (translation, and static elastic and dynamic
seismicwave strains) signal∼80 seconds long. Basedon a finite faultmodel, forward
modeling of the expected, predictedmotion,will be presented in a companionpaper
by Ye et al.

Characterization of Recent Large Earthquakes in Asia from Backprojection
Imaging of Regional Seismic Data
EULER, G. G., Los Alamos National Laboratory, Los Alamos, NM, ggeuler@
lanl.gov; RANDALL, G. E., Los Alamos National Laboratory, Los Alamos,
NM, grandall@lanl.gov; HARTSE, H. E., Los Alamos National Laboratory, Los
Alamos, NM, hartse@lanl.gov

We use regional seismic data (<30deg) from numerous broadband stations
downloaded from the IRIS DMC to study a select group of large and damaging
earthquakes from 2013 2014 (all Mw6.5+) in Asia. These earthquakes have
numerous seismic stations recording in this distance range, a testament to the
recent efforts by the many groups focused on this region, which allows us to use
backprojection imaging techniques to study source rupture patterns. Furthermore,
because of the station coverage for some of these earthquakes, we are also able to
study the effectof frequencybandchoice, backprojectionmethod(conventional and
maximum-likelihood), velocity model, and station weighting schemes to improve
on the results for multiple phases. Contrasting our backprojection images for both
surface waves and body waves and comparing these to finite fault solutions (when
available), we find substantial differences that help improve our understanding of
how backprojection imaging represents the rupture process for large seismic events.

Mainshock and Aftershock Mechanisms of the Mw = 7.5 Craig, Alaska
Earthquake of January 5, 2013 from Continuous Moment Tensor Scanning
MACPHERSON, K. A., Geophysical Institute, University of Alaska, Fairbanks,
AK, kamacpherson@alaksa.edu; RUPPERT, N. A., Geophysical Institute,
University of Alaska, Fairbanks, AK, natasha@gi.alaska.edu; DREGER, D. S.,
Berkeley Seismological Lab, UC, Berkeley, CA, dreger@seismo.berkeley.edu;

LOMBARD, P., Berkeley Seismological Lab, UC, Berkeley, CA, lombard@
seismo.berkeley.ede; FREYMUELLER, J. T., Geophysical Institute, University
of Alaska, Fairbanks, AK, jeff.freymueller@gi.alaska.edu; NICOLSKY, D. J.,
Geophysical Institute, University of Alaska, Fairbanks, AK, djnicolsky@
alaska.edu;GUILHEM,A.,SwissSeismologicalService,ETHZurich,Switzerland,
aurelie.guilhem@sed.ethz.ch

Continuous moment tensor scanning of the long-period wave field was initially
envisioned byKawakatsu and has been implemented at theUniversity of Tokyo, the
University of California, Berkeley, and Academia Sinica in Taiwan. The inversion
scheme is equivalent to the cross-correlation of Green’s functions for a grid of
potential sourceswith seismic recordingsbelowaround0.1Hertz, and the inversions
are performed at one second time steps. The algorithm is computationally efficient
because Green’s functions are pre-computed and stored in computer memory.
Because of the schemes ability to rapidly determine the hypocentral location, event
origin time, moment magnitude, and mechanism of an earthquake, it is being
implemented at the Alaska Earthquake Center, as providing such information to
the public is an integral component of the Center’s mission. As part of evaluating
the effectiveness of the algorithm, we used it to scan the long-period wave-field
excited by the January 5, 2013Mw =7.5 Craig, Alaska earthquake. This strike-slip
event ruptured a portion of the offshore Queen Charlotte fault system and was
recorded by the regional network on both broad-band instruments and high-rate
GPS. TheAEC recorded 350 aftershocks from this event in 2013, 20 of whichwere
in excess of magnitude 4.0, the largest being a magnitude 5.8 event. The offshore
location of this sequence and consequent sparse station coverage makes it a useful
test for the moment tensor scanning technique. By ‘‘replaying’’ the main shock and
aftershock recordings for input into the algorithm, we can gauge its effectiveness
under less than optimal conditions, and observe the smallest aftershock detectable
with this station coverage. Additionally, we examined the efficacy of including high-
rate GPS displacements into the data stream, and note that, when recorded near
to the source, these data can be effective when weak-motion instruments may be
off-scale.

Modeling Large Earthquakes in Realistic Structures; Mw8.3 Sea of Okhotsk
Earthquake
WEI, S. J., Caltech, Pasadena, CA, shjwei@gmail.com; HELMBERGER, D. V.,
Caltech, Pasadena, CA, helm@gps.caltech.edu; SUN, D. Y., USC, Los Angeles,
CA, daoyuans@usc.edu

A finite slip model is derived for the 2013 Mw 8.3 Sea of Okhotsk Earthquake
(Z=610km), by inverting the calibrated teleseismic broadband P-waveforms (1 to
100s). The path calibration established by the impulsive Mw6.7 aftershock allows
the velocity waveform inversion up to 1Hz for direct P-waves. The inversion shows
that the earthquake ruptured on a 10◦ dipping rectangular fault zone (140 km× 50
km) and evolved into a sequence of 4 sub-events (E1-E4). The rupture process can
be divided into two main stages. The first propagated south, rupturing sub-events
E1, E2 and E4. The second stage (E3) originated near E2 with a delay of 12 s and
rupturednorthwards, filling the slip-gapbetweenE1andE2.This kinematic process
produces an overall slip pattern similar to shallow swarms, e. g. the 2012 Brawley
swarm, except it occurs over a compressed time span of about 30s andwithoutmany
aftershocks, suggesting that sub-event triggering for deep events is significantlymore
efficient than for shallow events as discussed previously. Here we examine whole
seismograms of the two events at global stations and extend the path calibration
procedure to various phases. We find that many of the Pacific Island stations where
pP ray paths sample the subducted slab arrived up to 5s earlier relative to direct P
along with significant waveform distortions.Many of these features can bemodeled
with 2D slab structure to complement calibrated features. Generalization of the
Cut-And-Paste code using whole corrected records proves efficient in recovering
accurate source parameters with only a few stations as demonstrated for this large
event.

Puerto Rico M6.4 Earthquake of January 13, 2014: PGA & IMM Distribution in
the Island
HUERTA-LÓPEZ, C., University of Puerto Rico atMayagüez, Mayagüez, PR,m-
huerta@alumni.utexas.net; MARTÍNEZ-PAGAN, J., University of Puerto Rico
atMayagüez,Mayagüez,PR, jaffet.martinez@upr.edu; SANTANA-TORRES,E.,
University of Puerto Rico at Mayagüez, Mayagüez, PR, erick.santana1@upr.edu;
UPEGUI-BOTERO, M., University of Puerto Rico at Mayagüez, Mayagüez, PR,
fabio.upegui@upr.edu; MARTÍNEZ-CRUZADO, J., University of Puerto Rico
at Mayagüez, Mayagüez, PR, jose.martinez44@upr.edu

On January 13 2014, 04:01:04.0 UTC, an MW 6.4 earthquake occurred in the
Caribbean Region just about 57 km out of the north coast of Puerto Rico (PR).
According to the USGS and PRSN the reported earthquake epicentral location
were at Latitude/Longitude of: 19.0010/−66.8480, and 19.13850/−66.82310,
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respectively. The focal depth estimated by both agencies was 28 versus 36 km,
respectively. During the following 12 hours, 76 aftershocks (USGS source) of
magnitude ranging from 2.5 to 4.6 (2 of 4.6, and 2 of 4.5) occurred south of the
epicentral region.

The earthquake occurred as a result of oblique-thrust faulting, which is
consistent with the subduction zone interface.

Preliminary faulting mechanisms indicate it ruptured either a structure
dipping shallowly to the southandstrikingapproximately east-west, or anear-vertical
structure striking northwest-southeast. This earthquake occurred in the deepOcean
Trench, it isnot the strongest earthquake in thearea.The1918M7.3, the1916M7.2,
earthquakes occurred in la Mona Passage and east coast of Dominican Republic,
and the 1943 M7.6 just to the northwest are the largest ones occurred nearby the
01/13/2014 earthquake.

Results of the processing (the standard strong motion data processing
procedure; .v1, .v2, .v3 was adopted) and analysis of acceleration records collected
by the Puerto Rico Strong Motion Program (PRSMP, 65 records) and the
inclusion/processing of acceleration records of Puerto Rico Seismic Network
(PRSN, 8 records) in terms of the PGA and estimated instrumental intensity IMM
are presented in the PR map. The PGA/IMM distribution is discussed in terms
of the local site, topographic and possible directivity effects. The site dominant
vibration frequency distribution is also discussed.

Response and Fault Characteristics of theMw6.4 January 13, 2014 Puerto Rico
Earthquake: The Largest Event Recorded at the Puerto Rico Seismic Network
LÓPEZ-VENEGAS, A. M., Puerto Rico Seismic Network / University of
Puerto Rico, Mayaguez, PR, alberto@prsn.uprm.edu; MARTÍNEZ, F.,
University of Puerto Rico, Mayaguez, PR, fernando.martinez2@upr.edu;
MATTIOLI, G. S., University of Texas Arlington, Arlington, TX,
gmattioli@uta.edu; HUERFANO, V., Puerto Rico Seismic Network, Mayaguez,
PR, victor@prsn.uprm.edu; BAEZ, G., Puerto Rico Seismic Network, Mayaguez,
PR, gisela@prsn.uprm.edu; IRIZARRY, H., Puerto Rico Seismic Network,
Mayaguez, PR, harold@prsn.uprm.edu; VON HILLEBRANDT, C., NOAA-
Nartional Weather Service, Mayaguez, PR, christa.vonH@noaa.gov

The Mwp 6.4 January 13, 2014 earthquake occurring 75 km north of the Puerto
Rico coast is the largest event recordedby thePuertoRicoSeismicNetwork (PRSN)
since its inception in the mid 70’s. Moderate size earthquakes such as this one and
larger events have been rare in the historic record for the Northeastern Caribbean.
Among the most recent large event occurring in the Puerto Rico Virgin Islands
region are the Mw7.2 October 11, 1918, and the Mw7.8 July 28, 1943 event. With
a network of 20 broad-band seismographs, 10 continuous GPS sites and access to a
dozen tide gauges andDARTbuoys, the PRSN is amulti-observational monitoring
network in the northeasternCaribbean, and a leading observatory in theCaribbean.
The January 13 event originated at 04:01:01 GMT and had a final manual review
location at 19.138 N, and−66.823 E, with a depth of 36 km. With an aftershock
distribution of more than 500 events, and a predominantly thrust mechanism,
the earthquake must likely reflects contraction along a steep northward-dipping
thrust fault. This poster presents two aspects of this event; First is the response of
the event (timeline, location, assessment of the threat based on the location and
magnitude, and evaluation of the communications with emergency management
agencies). Second is the scientific aspect (hypocenter in relation to the tectonic
setting, aftershock distribution based on double-differencing relocations and its
implications on the rupture zone, waveform inversion to obtain themoment tensor,
ShakeMap and CIIM’s, and cGPS time series). This event provides the first largest
event recorded at PRSN and therefore provides a real-life test to auto-evaluate
the outcome of the current earthquakes and tsunami protocols and work towards
improvements in case a larger event strikes in the future.

Merging Paths: Earthquake Simulations and Engineering
Applications
Poster Session ·Thursday · 1May ·Cook/Arteaga

Hybrid Low-High Frequency Ground motion Time Histories for Central US
SHAHJOUEI, A., Department of Civil Engineering, The University of Memphis,
Memphis, TN, shhjouei@memphis.edu; PEZESHK, S., Department of Civil
Engineering, The University of Memphis, Memphis, TN, spezeshk@memphis.
edu

A hybrid broadband (HBB) simulation technique is applied to generate a
suite of appropriate time histories in the central United States. Long period
portion of the simulated ground motions are achieved through a kinematic
model of the earthquake source and a deterministic wave propagation. A discrete

wavenumber-finite element technique is used to obtain the wave displacement and
the velocity time series in the zero to intermediate frequency range. Applying the
kinematic sourcemodel, the near field effects and the forward directivity in the long
period synthetics is captured for a set of stationalong the strikeof the fault.Thepoint
source stochastic synthetic, using the computer program SMSIM (Boore, 2005), is
used to compute the high frequency part of the synthetic ground motions. Finally,
hybrid synthetics are obtained by implementingmatched second order low-pass and
high-pass Butterworth filters for the long period and the high frequency synthetics,
respectively.

The discussedHBB simulation technique is used to generate groundmotions
for earthquake magnitudes ranging from 4.5 to 7.5 for the central United States
region. The HBB ground motion spectral accelerations at 0.2 and 1.0 seconds are
compared with the existing ground motion prediction equations (GMPEs) for the
central United States region.

Merging Paths: Earthquake Simulations and Engineering Applications

Synthetic Strong Ground Motion from a Scenario Earthquake in a Region of
Sparse Seismological Data: Xanthi, N. Greece
ROUMELIOTI, Z., Dept of Civil Engineering, Aristotle University of
Thessaloniki, Thessaloniki, Greece, zroum@auth.gr; MARGARIS, B., Institute
of Engineering Seismology and Earthquake Engineering, Thessaloniki, Greece,
margaris@itsak.gr; KIRATZI, A., Dept of Geophysics, Aristotle University of
Thessaloniki, Thessaloniki, Greece, kiratzi@auth.gr

One of the most challenging topics in engineering seismology is the prediction of
strong ground motion at regions of sparse seismological data. The town of Xanthi
in Northern Greece, is located in the zone of the lowest seismic hazard (ground
acceleration coefficient of 0.16g) according to the national building code.However,
it is situated next to the most prominent seismotectonic feature of the area, which
is the Kavala-Xanthi-Komotini fault. Although neotectonic, morphotectonic and
other geological information agree on the active character of the specific fault,
instrumental seismological data related to it are almost inexistent. However, this
fault is believed to be related to large magnitude, destructive historical earthquakes.
Within theTHALESprojecton site classification inGreece,wepresent anapproach
to provide synthetic strong ground motion within the area covered by the built
environment of Xanthi. We re-assess the seismic hazard through the probabilistic
approach and select the examined earthquake scenario (M5.9 at 3 km from the
town center) based on the results of hazard de-aggregation.We use theCOMPSYN
code to simulate low frequencies (up to 3 4 Hz), after validating it with data from
recent large earthquakes in Greece. The semi-analytical results of COMPSYN are
then combined with stochastically simulated acceleration time histories produced
byEXSIM_DMBtoprovide a hybrid output. Site effectswithin the townofXanthi
are encountered by incorporating detailedVS profiles determinedwithin the frame
of the THALES project.

Merging Paths: Earthquake Simulations and Engineering Applications

The Ambient Seismic Field Captures Complex Sedimentary Basin Effects
DENOLLE, M. A., Scripps Institute of Oceanography, La Jolla, CA,
marinedenolle@gmail.com; MIYAKE, H., Earthquake Research Institute
University of Tokyo, Tokyo, Japan, hiroe@eri.u-tokyo.ac.jp; NAKAGAWA, S.,
EarthquakeResearchInstitute UniversityofTokyo,Tokyo, Japan,nakagawa@eri.
u-tokyo.ac.jp;HIRATA,N., EarthquakeResearch Institute University ofTokyo,
Toyko, Japan, hirata@eri.u-tokyo.ac.jp; BEROZA, G. C., Stanford University,
Stanford, CA, beroza@stanford.edu

Seismic hazard in urban environments can be strongly affected for cities that are
situated in sedimentary basins.MetropolitanTokyo is subject to high seismic hazard
because it is located above the active junction of three major plates, and because
the Kanto sedimentary basin underlies the area. The Kanto basin is fairly deep,
and has poorly consolidated, low wave speed sediments, which yield a resonance
frequency that approaches the natural period of very tall buildings. It is difficult
to model basin effects with confidence because complexities of basin excitation
and resonance depend on the details of three-dimensional basin structure, which
are incompletely known. The ambient seismic field contains wave propagation
information, and provides a new approach for characterizing basin effects in ground
motion.We use the ambient field to construct the Earth’s response to an impulsive
force by combining data from MeSO-net (the Metropolitan Seismic Observatory
Network), which consists of 296 shallow borehole instruments in the Kanto basin
to act as receivers, and 450 stations from the Hi-net (High Sensitivity Seismograph
Network), which are deep borehole stations, to act as virtual sources. We find that
at the natural resonance of 5 6 s, the amplification is proportional to sediment
thickness. We also explore the impact of the basin shape on the wave field. We
find, for example, strong Rayleigh-to-Love wave conversions at the basin edge, and
evidence for basin-edge effects in propagation as well.

Merging Paths: Earthquake Simulations and Engineering Applications
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Ground Motion Similarity and Coherency between Total and Effective Stress
Analyses
MONTOYA-NOGUERA, S., Laboratoire MSSMat CNRS UMR 8579 Ecole
Centrale Paris, Paris, France, silvana.montoya-noguera@ecp.fr; LOPEZ-
CABALLERO, F., Laboratoire MSSMat CNRS UMR 8579 Ecole Centrale Paris,
Paris, France, fernando.lopez-caballero@ecp.fr

The performance of structures during earthquakes is strongly influenced by the
behavior of the soils that support them. Local site effects can influence structures
performance in two primary ways: by imposing additional deformations through
ground failure and by modifying the ground motion. The reliable and economical
seismic design of structures requires that local site effects on the groundmotions be
accurately predicted. The excess pore pressure generation and consequent reduction
in effective stress leads to the softening of a liquefiable soil deposit. This softening
can alter the groundmotion in terms of amplitude, frequency content and duration.

Models that are written in total stress analysis are the most currently used
to simulate the behavior of soils. However, these models do not take into account
the excess pore pressure generation and therefore they should not be expected to
simulate thechangesonthegroundmotion.Numerousexamplesonthegeotechnical
literature show the differences on the ground response modeling using either the
effective or the total stress analysis. Forweak groundmotions, both kinds of analyses
providea similar response.Onthecontrary, for stronggroundmotions, ingeneral the
total stress analysis overestimate peak accelerations while acceleration amplification
for long periods can be underestimated.

The aim of this work is to assess the level of similarity of the free field ground
responseusing a total and an effective stress analyses on a liquefiable soil.The ground
motion similarity is evaluated by the Anderson criteria and the lagged coherency.
For this purpose a 2D-FE model of a soil profile is considered. The natural hazard
is given by real input motions from the PEER Center database with a wide range
of acceleration. The ECP elastoplastic multi-mechanismmodel is used to represent
the soil behavior.

Merging Paths: Earthquake Simulations and Engineering Applications

Developing Ground Motions for Tall Buildings in Southern California
ZAFIR, Z., Kleinfelder, Sacramento, CA, zzafir@kleinfelder.com

Pacific Earthquake Engineering Research (PEER) Center developed guidelines for
tall buildings seismic design as part of the Tall Buildings Initiative (PEER, 2010).
Later, Los Angeles Tall Buildings Structural Design Council (LATBSD, 2011)
published an alternative procedure for seismic analysis and design of tall buildings.
In terms of ground motions, these two publications differ from ASCE 7 10 as
they recommend using the geometric mean spectrum and not the Risk-Targeted
maximum direction spectrum for the analysis and design of tall buildings in the LA
region.

This paper will present examples of two tall buildings in San Diego. Located
only two blocks from each other, one is being designed using LATBSD (2011) and
the other using ASCE 7 10. The fundamental period of the buildings ranges from
5 to 6 seconds, which require development of spectra and spectrally matched time
histories to a period of about 10 seconds. In addition, both of these buildings are
located less than 1 km from the Rose Canyon fault system, requiring that rupture
directivity andnear-source effects should be taken into consideration.Development
of response spectra, spectrally matched time histories, ground motion orbit plots,
and rotation of ground motions in fault normal and fault parallel directions will
be shown to highlight the differences. The authors expect that this paper will be
very beneficial to practitioners and help them understand the fundamentals of the
differences behind the two approaches.

Monitoring Dynamic Changes at Active Volcanoes and
Fault Zones
Poster Session ·Thursday · 1May ·Cook/Arteaga

Ambient Noise Monitoring of Temporal Changes in Seismic Velocity at the
Geysers Geothermal Field, California
LAI, V. H., Berkeley Seismological Laboratory, Berkeley, CA, voonhui.lai@
berkeley.edu; TAIRA, T., Berkeley Seismological Laboratory, Berkeley, CA,
taira@seismo.berkeley.edu; DREGER, D. S., Berkeley Seismological Laboratory,
Berkeley, CA, dreger@seismo.berkeley.edu

Tomonitor the temporal stress change induced by tectonic events or fluid injections
at the Geysers Geothermal Field, CA, we search for the small perturbations of the
velocity structure by exploiting the correlations of ambient seismic noise. Vertical
component of the 15-month-long continuous seismic data are obtained from an
array of 30 seismic stations maintained by Lawrence Berkeley National Laboratory.

The procedure of the study includes computing hourly cross-correlations of the
seismic noise of each station pair and stacking these hourly data into 1-day and
subsequently 30-day stacks to obtain a reference Green’s function (RGF) with high
signal to noise ratio. We identify the relative seismic velocity change (dv/v) within
the earth structure by measuring the relative travel time shift between the RGF and
the 30-day stacked correlations.

Our result identifies two types of changes in dv/v; (1) a significant decrease
in dv/v of 0.3% due to three M3.0+ earthquakes occurred on the same day and
(2) a long periodic change in dv/v due to fluid injection or possibly seasonality
in ocean microseisms. To further explore the change associated with the local
earthquakes, we reduce the stacking time window from 30 days to 1 day to increase
temporal resolution. To determine the source of the long periodic change in dv/v,
we correlate both the wave height amplitude during our study period, which is
proportional to strength of ocean microseisms, and the fluid injection data to the
measured dv/v. Additionally, using single value decompositionmethod, we estimate
the spatiotemporal variations in dv/v near stations. An overall improvement in our
processingmethodand inversemodel increaseourmonitoringability todifferentiate
the sources that induce change in stress at the Geysers.

Nonlinear Deformation Examples Recorded by the Plate Boundary
Observatory
PUSKAS, C. M., UNAVCO, Boulder, CO, puskas@unavco.org; PHILLIPS, D.,
UNAVCO, Boulder, CO, dap@unavco.org; HODGKINSON, K., UNAVCO,
Boulder, CO, hodgkin@unavco.org; BERGLUND, H., UNAVCO, Boulder,
CO, berglund@unavco.org; SIEVERS, C., UNAVCO, Boulder, CO, sievers@
unavco.org; MEERTENS, C. M., UNAVCO, Boulder, CO,meertens@unavco.
org; MATTIOLI, G. S., UNAVCO, Boulder, CO, mattioli@unavco.org;
MENCIN, D., UNAVCO, Boulder, CO,mencin@unavco.org

The Plate Boundary Observatory (PBO) includes 1100 GPS stations distributed
across the western US and Alaska. The network has recorded nearly 10 years
of deformation, with all raw and processed data available to the scientific
community for analysis. During this time the network has recorded a range
of geophysical phenomena: long-term tectonic motion, earthquake offsets, post-
seismic deformation, and volcanic inflation/deflation.High-rate and real-timeGPS
additionally record deformation at scales of minutes to seconds, allowing resolution
of seismic waves.We present examples of GPS used to track changes in deformation
over time at selected fault systems and volcanoes. In southern California, the GPS
network recorded the M7.2 April 4, 2010, El Mayor earthquake. We examine
static offsets from earthquake slip from daily processing and dynamic offsets
from the passage of surface waves. The earthquake was followed by significant
post-seismic deformation, and we observe the evolution of GPS velocities, likely
the result of post-seismic flow in the lower crust and upper mantle. In Alaska,
PBO maintains GPS stations at the volcanoes Akutan, Augustine, Westdahl, and
Shishaldin. Measurements indicate ongoing uplift at Akutan andWestdahl, which
last erupted in 1992 and 1991, respectively. The uplift was not constant, with
episodes of more rapid uplift and spatial variations in rates. Augustine last erupted
in 2005 2006 and Shishaldin in 2004; both volcanoes have complex deformation
histories with uplift and subsidence, as demonstrated by the GPS time series. These
examples demonstrate the utility of PBO data for tracking surface deformation at
time scales from seconds to minutes to days to years. All data examined here are
available from the UNAVCO PBO web page as RINEX, GPS position estimate
time series, and velocity estimate files.

Study of the Site Effects at Cotopaxi Volcano: Construction of a Seismic
Activity Index
ORTIZ, H. D., Instituto Geofisico Escuela Politecnica Nacional, Quito,
Pichincha, Ecuador, hortiz@igepn.edu.ec; PALACIOS, P. B., Instituto
Geofisico Escuela Politecnica Nacional, Quito, Pichincha, Ecuador, ppalacios@
igepn.edu.ec; RUIZ, M. C., Instituto Geofisico Escuela Politecnica Nacional,
Quito, Pichincha, Ecuador,mruiz@igepn.edu.ec

Seismic wave amplitudes are mostly modified by the underlying ground and by
the topography of the place where they are recorded. There are many techniques
commonly used to quantify these effects. In the present work, through the inverse
problem methodology and based on a series of measurements, we propose the
determination of the parameters of seismic models which contain the information
of the site effects. Once the first results about site effects have been obtained, a
refinement of these values using IRLS iterative process based on L1 norm was
performed. After this refinement, a quick inspection of the confidence levels
obtainedby the iterative processwas executed,whichused aMonteCarlo simulation
of a set of measurements contaminated with ambient noise following a normal
distribution.

The final goal of the site effect calculations is to normalize the seismic
recordings of various stations installed at Cotopaxi volcano, and thus to construct
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and implement a unified seismic activity index, which will enable visualizing and
quantifying the internal dynamics of the volcano. Eventually, the seismic activity
index can be used to supplement volcano monitoring, reducing volcanic risk of
inhabitants living in danger zones around Cotopaxi.

Explosion Earthquakes during the 2007 Eruption of Pavlof Volcano, Alaska
SMITH, C. M., School of Geosciences, University of South Florida, Tampa, FL,
smithcm09@gmail.com; MCNUTT, S. R., School of Geosciences, University of
South Florida, Tampa, FL, smcnutt@usf.edu

Pavlof Volcano on the Alaska Peninsula began to erupt on August 15, 2007 after
a 10.7 year repose. Precursor signals consisted of low-frequency earthquakes that
began on August 14 and thermal anomalies that were likely coincident with the
beginning of the eruption. The mainly strombolian eruptions occurred from a new
vent high on the SE flank of the volcano, separate from theNNE vent that had been
activeover theprevious severaldecades. Seismicactivity,monitoredbyanetworkof6
local instruments, consists of low-frequency events, explosion earthquakes, volcanic
tremor, and lahar-generated signals. Here we focus on explosion earthquakes. The
first such event occurred August 14 at 17:58:16 UT and the last on September 13
at 15:14:00 UT. Events were often embedded in continuous tremor, but could
be distinguished by the air waves, which appeared as a high-frequency spikes
superimposed on the lower-frequency ground waves. The time differences in the
airwaves at different stations are consistent with the acoustic speed of ∼330 m/s.
Rates were as high as 14 explosion quakes per minute. Steam and ash plumes were
generally below 15,000 ft, but rose as high as 20,000 ft onAugust 29 and 30.We are
working to establishwhether systematic changes in explosion rates, signal properties,
and air-to-ground-wave amplitude ratios correlate with the height and ash content
of the plumes.Measurements are corrected for changes inwind speed and direction.
AVHRR remote sensing data showed an ash signal on August 29 30, consistent
with pilot reports. On August 30 lightning was observed in the plume from Cold
Bay, 59 kmSW.Comparedwith recent eruptions of Pavlof in 1981, 1986, 1996, etc.,
the eruptive activity was of shorter duration (∼5 weeks instead of∼3months) and
was somewhat less explosive with no episodes of ash columns to heights of 30,000
ft or more. Instead the 2007 eruption produced significant lahars that reached the
Pacific Ocean on the south side of the mountain.

Receiver Function Analyses of Uturuncu Volcano, Bolivia
MCFARLIN, H., University of South Florida, Tampa, FL, hlmcfarlin@mail.usf.
edu; CHRISTENSEN, D., Geophysical Institute, University of Alaska, Fairbanks,
AK,doug@gi.alaska.edu;THOMPSON,G.,UniversityofSouthFlorida,Tampa,
FL, thompsong@usf.edu;MCNUTT, S.,University of South Florida, Tampa, FL,
smcnutt@usf.edu

Uturuncu Volcano, located in the central Andes near the border between Bolivia
andChile, has been of interest recently because of large-scale and rapid deformation,
estimated at one to two centimeters per year over an area that is about 70
kilometers wide. The volcanoes in this region are thought to be fed by the
Altiplano-Puna Magma Body (APMB), which previous studies place around
10 20 kilometers depth. The PLUTONS Project deployed 28 broadband seismic
stations around Uturuncu Volcano, from April 2009 to October 2012. We present
teleseismic receiver functions that were generated using the time-domain iterative
deconvolution algorithm of Ligorria and Ammon (1999). These receiver functions
are used to better constrain the depths of the top and bottom of this magma
body under Uturuncu, as well as the low velocity layer within it. Preliminary results
indicate a spatially varying liddepthofbetween10and15kilometers.The shallowest
depths for this upper boundary seem to be located near the summit of Uturuncu
at depths of approximately 7 10 kilometers. These preliminary results also show
a lower boundary depth for the low velocity layer between 17 and 24 kilometers.
Results here are based on station spacing of 10 20 km and provide higher spatial
resolution than previous regional scale studies.

NetworkOperations andData Centers
Poster Session ·Thursday · 1May ·Cook/Arteaga

Datasets forSeismology: ISC, EHBandGTBulletins, StationRegistry, ISC-GEM
Catalogue and Event Bibliography
STORCHAK, D. A., International Seismological Centre (ISC), Thatcham,
Berkshire,UnitedKingdom,dmitry@isc.ac.uk;DIGIACOMO,D., International
Seismological Centre (ISC), Thatcham, Berkshire, United Kingdom, domenico@
isc.ac.uk; RICHARDSON, W. P., International Seismological Centre (ISC),
Thatcham, Berkshire, United Kingdom, wayne@isc.ac.uk; HARRIS, J.,

International Seismological Centre (ISC), Thatcham, Berkshire, United Kingdom,
james@isc.ac.uk

The International Seismological Centre (ISC) is a non-governmental non-profit-
making organization funded by 62 research and operational institutions around
the world, including those in the United States: the NSF, USGS, IRIS and the
University of Texas at Austin.

The ISC is charged with production of the ISC Bulletin the definitive
summary of the global seismicity based on reports from over 130 seismic networks
worldwide. We also distribute the EHB bulletin a groomed subset of the ISC
Bulletin widely used in studies of inner structure of the Earth. Jointly with NEIC,
the ISC runs the International Seismic StationRegistry (IR). The ISC station codes
and event hypocenters are used by IRIS DMC in serving seismic waveform data to
its users. The ISC provides a number of additional products including the IASPEI
Reference Event list (GT). The ISC-GEM Catalogue is another dataset that was
designed to be used for global and regional studies of seismic hazard and risk.
The ISC Event Bibliography is an interactive facility to search for scientific articles
devoted to both natural and anthropogenic seismic events that occurred within a
region and time period of interest. The multitude of ISC data is widely used by the
CTBTO and associated community, including that in the United States, charged
with monitoring nuclear tests worldwide.

The ISC data are distributed via the ISC and several mirror websites such
as those at IRIS DMC, LLNL, University of Tokyo and CTBTO. The ISC has
a substantial development program that ensures that its data remain useful for
geophysical research.

Field Observation and Quality Control of China Array Project
YUAN, S. Y., Institute of Geophysics, CEA, Beijing, China, ysy1@vip.sina.com;
YANG,W., Institute of Geophysics, CEA, Beijing, China, weiyang05@163.com;
SONG, L. L., Institute of Geophysics, CEA, Beijing, China, sllcea@163.com;
WANG, B. S., Institute ofGeophysics, CEA, Beijing, China,wangbs@cea-igp.ac.
cn;XU,W.W., InstituteofGeophysics,CEA,Beijing,China,wwxuww@sina.com;
LIU,Z.Y., Institute ofGeophysics,CEA,Beijing,China, liuzhengyi01@163.com;
JIA, Y. H., Institute of Geophysics, CEA, Beijing, China; QIAO, S., Institute of
Geophysics, CEA, Beijing, China, qiaosen@cea-igp.ac.cn

Temporally deployed dense seismic arrays have been proven to be powerful tools to
exploredeep structure.A lotof arrayobservationshavebeencarriedout, among them
US Array is the most successful. Recently, China launched its seismic observation
project China Array Project to exploring the deep structure of China mainland.
This project is hopefully boosting seismic research and hazardmitigation in China.
China Array is divided into 7 phases, and will be finish within 15 years. The first
phase has finished in 2013. During the first phase 500 broadband seismic stations
have been deployed in South-west China with average inter-station distance of 35
km. In the ongoing second phase of China Array, more than 600 stations will be
deployed inNorth-westChina. The observationswere carried out in various areas as
mountanious regions, Gobi, desert and grassland. Some stations suffer from serious
temperature variation, thick sediments, frozen, and strong background noises.
To meet the unified data standard, we designed various emplacement strategies
according to different site status. In this abstract, we reported the field emplacement,
data management, and quality control of China Array, one of the largest portable
seismic array observations.

Croatian Seismicity Database
HERAK,M., Department of Geophysics, Faculty of Science, Zagreb, Croatia;
HERAK, D., Department of Geophysics, Faculty of Science, Zagreb, Croatia;
IVANÈI, I., Department of Geophysics, Faculty of Science, Zagreb, Croatia

We present the contents and the quality of data on seismicity of Croatia and
the neighboring regions (including all of Bosnia and Herzegovina), collected
at the Department of Geophyisics in Zagreb since the late 19th century, when
systematic seismology research began in Croatia. The latest revision of the database
comprises theCroatianEarthquakeCatalog (CEC)which currently lists over 65000
earthquakes, the macroseismic digital archive, a collection of fault-plane solutions
(FPS) for over 200 events, a large set of onset-times of local and regional phases from
Croatian and nearby networks, and various supporting material (photos, reports,
questionnaires, calibration records, etc.). Here we concentrate on the catalog and
the FPS database only.

The CEC is regularly updated twice a year. The rate of inclusion of new
events rapidly increases, and now exceeds 9000 earthquakes/year. We also report
on the recent magnitude (re)calibration and the new relation to convert ML

to Mw . Analyses of catalog completeness in time and in space reveals rather
large heterogeneity mostly caused by uneven process of densification of national
seismological networks, but also by distribution of population and the degree of
development of some subregions in the preinstrumental era.
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The thoroughly revised earthquake mechanisms database contains the first-
polarity FPS that are since recently being routinely computed for most of Croatian
earthquakes with magnitudes above about 3.0, as well as the best double-couple
parameters of the CMT solutions from various sources. Although the inferred
general orientation of P-axes is in agreement with the assumed SW NE directed
collision of the Adriatic microplate and the Dinarides as the main tectonic driving
force, observed systematic deviation from this trend in some areas may indicate
significant influence of local conditions in modifying the regional stress-field.

The Next Generation of Data Flow at the USGS National Earthquake
Information Center (NEIC)
GUY,M., United States Geological Survey, Golden, CO, mguy@usgs.gov;
PATTON, J., United States Geological Survey, Golden, CO, jpatton@usgs.gov;
KETCHUM, D., United States Geological Survey, Golden, CO, ketchum@usgs.
gov; FEE, J., United States Geological Survey, Golden, CO, jmfee@usgs.gov;
MARTINEZ,E.,United StatesGeological Survey,Golden,CO,emartinez@usgs.
gov; HEARNE, M., United States Geological Survey, Golden, CO, mhearne@
usgs.gov; BENZ, H., United States Geological Survey, Golden, CO, benz@usgs.
gov; EARLE, P., United States Geological Survey, Golden, CO, pearle@usgs.gov

The USGS NEIC supports global emergency response, earthquake monitoring,
and catalog production by acquiring disparate data from more than ninety U.S.
and international seismic networks, integrating and processing this data, and
then distributing derived and integrated products. Data flowing through the
NEIC includes waveforms, station metadata, and a diverse array of event centric
products including: locations andmagnitudes, moment tensors, phase arrival times,
ShakeMaps, impact assessment from Prompt Assessment of Global Earthquakes for
Response (PAGER), tectonic summaries, maps, ‘Did You Feel It?’ felt reports and
city/region information. The large scale effort of seamlessly integrating regional to
global seismic data in several formats, from numerous organizations, for real-time
to historical time periods, to produce high-quality and time-critical earthquake
response products is accomplished by several well integrated, 24× 7 software
applications. The integration and data flow across these sophisticated applications is
simplified by: providing shared data as services; using standardized and expandable
formats; and the use of a modernized common distribution mechanism. The suite
of integrated systems generates products that are accessible by the community
via several mechanisms for both human and automated computer consumption.
Consumers of this data include millions of public users every day, U.S and
international disaster responders, critical facilities, and the earth science research
community.

The Mexican Seismic Network
ALCÁNTARA, L., Instituto de Ingeniería UNAM, Mexico DF, Mexico,
leonardo@pumas.ii.unam.mx;RAMIREZ-GUZMAN,L., InstitutodeIngeniería
UNAM, Mexico DF, Mexico, LRamirezG@iingen.unam.mx; VALDES, C.,
Instituto deGeofísicaUNAM,MexicoDF,Mexico, carlosv@ollin.igeofcu.unam.
mx; PEREZ,C., Instituto de IngenieríaUNAM,MéxicoDF,Mexico, cpy@pumas.
ii.unam.mx;PEREZ,J., InstitutodeGeofísicaUNAM,MéxicoDF,Mexico, jesus@
sismologico.unam.mx;ALMORA,D., InstitutodeIngenieríaUNAM,MéxicoDF,
Mexico, DAlmoraM@iingen.unam.mx

The seismic activity inMexico, largely confined to the Pacific Ring of Fire, is mainly
causedbythe interactionbetweenthePacific,CocosandRiveraplateswiththeNorth
America plate. Although the largest percentage of this activity is generated along
the Pacific coast, seismicity also extends to the northwest. For those reasons, in 1910
was founded the National Seismological Service (SSN) of the National University
of Mexico (UNAM) aiming to provide timely information on the occurrence of
earthquakes in Mexican territory.

However, the implementation of the SSNwas not enough to explain the level
of damage caused, both in population and structures during big earthquakes. That is
why in1960 theEngineering Institute atUNAMinitiated the activities for installing
an accelerograph network in the subduction zone along the Pacific coast.

Anevent that changed thegeneral perceptionabout seismicphenomena inour
country was the large earthquake of September 19, 1985 (M=8.1). The earthquake
emphasized the importance of seismic monitoring instrumentation in Mexico. So,
as part of its public policy, the Mexican Federal government through the Ministry
of the Interior (SEGOB) signed a collaboration agreementwithUNAMin the field
of Civil Protection. Regarding earthquakes, it was considered the creation of the
Mexican Seismic Network project.

In its first stage, the project was focused in strengthening seismic
instrumentation available in the country. In 2010 those activities were finished
and the results indicated that the current infrastructure for monitoring earthquakes
is insufficient and inadequate. In the currently second stage the project considers the
integration into one national network to the various agencies involved in seismic
monitoring and also takes into account the modernization and expansion of the

national seismic infrastructure, the standardization of protocols and products to
exchange information in real time.

Advanced National Seismic System (ANSS) Comprehensive Catalog
FEE, J. M., USGS NEIC, Golden, CO, jmfee@usgs.gov; MARTINEZ, E. M.,
USGSNEIC,Golden,CO, emartinez@usgs.gov;HUNTER, E. J., USGSNEIC,
Golden, CO, ehunter@usgs.gov; HEARNE, M., USGS NEIC, Golden, CO,
mhearne@usgs.gov; GUY, M., USGS NEIC, Golden, CO,mguy@usgs.gov

The ANSS Comprehensive Catalog combines real-time and historic data from
ANSS members and collaborators into one catalog representing comprehensive
data for each seismic event. Although data from all contributors are associated
into a combined catalog, individual contributor catalogs remain available. Source
parameters and derived data such as phases, hypocenters, moment tensors, and
ShakeMaps are included and new formats are easily integrated. The catalog
preserves all data in its original form, and indexesmetadata for searching.Thecatalog
exposes awebservice compatiblewith the InternationalFederationofSeismographic
Networks (FDSN) specification, and several tools have been developed to translate
these outputs into other formats. A web-based interactive map uses the web service
to search catalog data and display results. Researchers can use these tools to find
events of interest, and download data for further processing. Advanced users can
run the catalog software locally to receive seismic data in real-time.

A New ShallowWater Cabled OBS Network Off Central California
MCLAREN,M. K., Pacific Gas and Electric Company, San Francisco, CA,
mkm2@pge.com; RADEMACHER, H., Guralp Systems Ltd, Aldermaston,
Berkshire, UK, hrademacher@guralp.com

In November 2013 PG&E and Guralp Systems Ltd. completed the installation
of a novel network design of ocean bottom seismometers (OBS) off the coast of
central California near Point Buchon. The primary purposes of the OBS network
are to monitor in real-time and continuously microreismicity along the Hosgri
and Shoreline fault zones, located offshore from the Diablo Canyon Power Plant
(DCPP), and to provide on-scale recordings of magnitude 3 and greater events
within the DCPP region. The network consists of four stations, placed in shallow
water no more than three nautical miles from the coast. Each station contains a
three component broadband seismometer (Guralp CMG-3T), a three component
accelerometer (GuralpCMG-5T) and a 24-bit digitizer-datalogger. The equipment
is housed in a titanium casing, which is covered by a concrete dome weighing more
thanonemetric ton.Thedomesecures andprotects theequipment.TheOBSstation
closest to shore is equipped with a differential pressure gauge attached to the dome.
All stations are daisy-chained to one single multistranded cable, which provides
shore power to each station. The signals of each station are digitized in-situ and then
transmitted via dedicated optical fiber links inside the cable to a shore station at
DCPP. From there, the data are streamed in real-time into PG&E’s Central Coast
SeismicNetworkEarthwormandultimately exported into theCalifornia Integrated
Seismic Network. In addition to the four permanent stations, two portable OBS
units equipped with Guralp CMG-40T seismometers were deployed for three
months in the samewaters. Because the network is installed in shallowwater, depths
between 60 and 120 m, the action of waves and swell at the sea surface affect the
sensor recordings more strongly than deep water installations of OBS equipment.
Nevertheless, our initial results show that the network is capable of recording events
of magnitude just above 1 at distances of about 25 km.

Remote Calibration Procedures for STS-2s: Example from the STS-2HG for
CTBTO at YBH
HELLWEG,M., UC Berkeley Seismological Lab, Berkeley, CA, peggy@seismo.
berkeley.edu; UHRHAMMER, R. A., UC Berkeley Seismological Lab, Berkeley,
CA, bob@seismo.berkeley.edu; TAIRA, T., UC Berkeley Seismological Lab,
Berkeley, CA, taira@seismo.berkeley.edu

BerkeleyDigital Seismic Station (BDSN)YBH is also a certifiedCTBTOAuxiliary
Station (AS109). TheCTBTOsensor is a Streckeisen STS-2HGtriaxial broadband
seismometerdigitizedby a six channelQ330; co-sited are theBDSNsensors, a three-
component set of Streckeisen STS-1 broadband seismometers and a Kinemetrics
Episensor strongmotion accelerometer. Since the request fromCTBTO to preform
a remote calibration of the STS-2HG to verify its response and sensitivity, we have
been exploring the challenges of reliably determining its response from the recorded
stimulus and response data. Here, we report here on the procedure and results of
the calibration.

The data for calibrating the STS-2HG (s/n 30235) were derived from two
sequences ofRandomTelegraph (RT) stimuli (at 1.25Hz and at 25Hz todetermine
the low and high frequency responses respectively), and one sequence of 1 Hz
sinusoid. Each sequence was applied to the triaxial U, V,W component calibration
coils through an appropriate series resistance to limit the drive current, but recorded
as E,N,Z.The calibration stimulus signals were generated by theKinemetricsQ330
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data logger andboth the stimuli and the responsewere recorded simultaneouslywith
synchronous sampling at 100 sps. The accuracy of the sensitivity as determined by
the response to theRT stimuli is limited by the accuracy of the calibration coilmotor
constant (2 g/A) provided on the factory calibration sheet, and for the STS-2HG is
strongly affected by the seismic noise during the calibration. We compared ground
motion recorded by the STS-2HG and the co-sited accelerometer and STS-1s to
more precisely determine the calibration coil motor constants, and also removed
ground noise observed by the STS-1s during the calibration to reduce its affects.
We use the calibration data set to explore and demonstrate methods to calibrate a
STS-2(HG) sensor recorded by a three channel data logger, where the caligration
input cannot be recorded separately.

Large Scale Real-Time GPS Networks, Data Processing Systems and
Community Datasets
PHILLIPS, D. A., UNAVCO, Boulder, CO, dap@unavco.org; MENCIN, D.
J., UNAVCO, Boulder, CO, mencin@unavco.org; SIEVERS, C., UNAVCO,
Boulder, CO, sievers@unavco.org; AUSTIN, K., UNAVCO, Boulder,
CO, austin@unavco.org; BERGLUND, H. T., UNAVCO, Boulder, CO,
berglund@unavco.org; BLUME, F., UNAVCO, Boulder, CO, blume@unavco.
org; MEERTENS, C. M., UNAVCO, Boulder, CO, meertens@unavco.org;
MATTIOLI, G. S., UNAVCO, Boulder, CO,mattioli@unavco.org

UNAVCO has constructed a real-time GPS (RT-GPS) network of approximately
420 GPS stations allowing the collection and distribution of high-rate (1 Hz), low-
latency (<2 s)data streams.RT-GPShas thepotential to enhanceourunderstanding
of earthquakes, seismic wave propagation, volcanic eruptions, magmatic intrusions,
movement of ice, landslides, and the dynamics of the atmosphere. Beyond its
increasinguses for science andengineering,RT-GPSalsohas thepotential toprovide
early warning of hazards to emergency managers, utilities, other infrastructure
managers, first responders and others. The majority of the streaming stations come
from the EarthScope Plate Boundary Observatory (PBO) through an NSF-ARRA
fundedCascadiaUpgrade Initiative thatupgraded282 stations focused in thePacific
Northwest on top of the original 100 backbone stations located throughout the
PBO footprint. Additional contributions from NOAA (∼30 stations in Southern
California) and the USGS (8 stations at Yellowstone) account for the other RT
stations. Based on community based outcomes of a workshop focused on RT-
GPS position data products and formats hosted by UNAVCO in Spring of 2011,
UNAVCOnowprovides real-timePPPpositions for all 420 stationsusingTrimble’s
PIVOT RTX software and for 50 stations using TrackRT at the volcanic centers
located at Yellowstone,Mt StHelens, andMontserrat. In addition approximately 15
RT-GPS stations in Southern California have been augmented with accelerometers
to facilitate studies producing very broad band waveforms to support earthquake
hazard studies. We present an overview of the current UNAVCORT-GPS system,
a comparison of the UNAVCO generated real-time data products, an overview of
available common datasets, and plans for future RT-GPS developments.

Automatically Processed Aftershock Sequence for the 2012 Oct 27 Haida
Gwaii Earthquake
MULDER, T. L., NRCan GSC, Sidney, BC, Canada, Taimi.Mulder@NRCan-
RNCan.gc.ca; VERNON, F. L., UCSD IGPP, La Jolla, CA, flvernon@
ucsd.edu; ROSENBERGER, NRCan GSC, Sidney, BC, Canada, Andreas.
Rosenberger@NRCan-RNCan.gc.ca; KILB, UCSD IGPP, La Jolla, CA, dkilb@
ucsd.edu; WHITE, M. C., UCSD IGPP, La Jolla, CA, mcwhite@ucsd.edu;
ROGERS, G. C., NRCan GSC, Sidney, BC, Canada, Garry.Rogers@NRCan-
RNCan.gc.ca; BRILLON, C., NRCan GSC, Sidney, BC, Canada, Camille.
Brillon@NRCan-RNCan.gc.ca; BENTKOWSKI,W., NRCan GSC, Sidney, BC,
Canada, wandaben@shaw.ca

The 2012 Oct 27th Haida Gwaii earthquake occurred on the Pacific and North
America plate boundary, producing a rich and continuing aftershock sequence.This
was an unusual earthquake to occur on a predominately strike-slip fault margin as it
showedsignificant thrustmotionandproduceda tsunamiwithamaximumrecorded
height of 0.76 meters in Maui, Hawaii. The plate vector sits at an approximately
15 degree angle to the plate margin resulting in an oblique convergence partitioned
intomargin parallel strike-slip on theQueenCharlotte fault and near vertical thrust
faulting within the Queen Charlotte Terrace accretionary prism. The first few
months of this aftershock sequence have been processedwith traditional short-term
average/long-term average (sta/lta) based detectors. Those results were used for
automatic event locations. The same set of waveform data was also processed with
Rosenberger’s (2010) singular value decomposition (SVD) incorporated with an
S-phase detector. The detections on the rotated traces were assigned as either P or
S phases and the events were located using the same location program as was used
for the traditional sta/lta detection dataset. The results show a four-fold increase in
the returned number of automatically determined origins. These two datasets, and
the smaller analyst located dataset, all outline an aftershock region approximately

50 km in width and 100 km in length. Three dimensional visualization of the
aftershocks illustrate the structure of the seismicity. A variety of first motion focal
mechanisms from the aftershock dataset were determined and compared to the
processed datasets. Magnitude estimates are now available for the SVD dataset and
Omori plots are compared for all 3 datasets.

Need Data? The IRIS DMC Can Help
TRABANT, C., IRIS DMC, Seattle, WA, chad@iris.washington.edu; AHERN,
T., IRIS DMC, Seattle, WA, tim@iris.washington.edu; CASEY, R., IRIS
DMC, Seattle, WA, rob@iris.washington.edu; REYES, C., IRIS DMC, Seattle,
WA, celso@iris.washington.edu; SULEIMAN, Y., IRIS DMC, Seattle, WA,
yazan@iris.washington.edu; WEERTMAN, B., IRIS DMC, Seattle, WA USA,
bruce@iris.washington.edu; BENSON, R., IRIS DMC, Seattle, WA, rick@iris.
washington.edu

The IRIS Data Management Center (DMC) is the repository and access point for
all past and future USArray data, including the USArray data from Alaska, along
with data frommany other deployments and networks. This presentationwill cover
the most important data access mechanisms and recent developments. In addition,
we will highlight our work related to quality assurance.

Web service interfaces at the DMC provide access to a vast archive of
seismological and related geophysical data. These interfaces are designed to easily
incorporate data access into data processing workflows. Examples of data that may
be accessed include: time series data, relatedmetadata, and earthquake information.
The DMC has developed command line scripts, MATLABinterfaces and a Java
library to support a wide variety of data access needs. Users of these interfaces do
not need to concern themselves with web service details, networking, or even (in
most cases) data conversion.

The DMC’s core web services are conformant with the standard adopted by
the International Federation of Digital Seismograph Networks (FDSN). We have
assisted a number of other seismological data centers, primarily in Europe, to install
these same service interfaces to their data sets. For the end user this means that the
same software can be used to access data frommultiple data centers.

Finally, the DMC has been working on a system to calculate quality-related
metrics fromthe rawdata inour archive.Thesemeasurements are primarily designed
to assist in the quantification of quality of the raw time series data.The resultswill be
veryuseful fornetworkoperators topinpointproblemswith their data.Additionally
the measurements will be useful to end users in as least two important ways: 1) the
measurements themselves can be useful to interpret and 2) as a means to reject bad
data prior to input into a processing system.

New Insights into Ground Failure as an Urban Earthquake
Hazard
Poster Session ·Thursday · 1May ·Cook/Arteaga

Mapping Earthquake Induced Liquefaction Surface Effects from the 2011
Tohoku Earthquake Using Satellite Imagery
ZHU, J., Tufts University, Medford, MA, jing.zhu@tufts.edu; BAISE, L. G.,
Tufts University, Medford, MA, laurie.baise@tufts.edu; KOCH, M., Boston
University, Boston,MA,mkoch@bu.edu; GABER, A., BostonUniversity, Boston,
MA, ahmedgaber_881@hotmail.com

Documenting liquefaction surface effects is necessary both to validate and to
refine existing liquefaction models. Post-earthquake liquefaction data collection
historically relies on field investigation and is often spatially limited and incomplete
(e.g., Chleborad and Schuster, 1990). Areas that are not near centers of population
or major transportation routes are often neglected and data collection often only
focuses on liquefaction occurrence. Pre- and post-earthquake satellite images enable
spatially continuous/exhaustive mapping of liquefaction (e.g., Oommen et al.,
2013). We investigate two different techniques for mapping earthquake-induced
surface effects of liquefaction for the 2011 Tohoku Earthquake using synthetic
aperture radar (SAR) images as well as optical images with very high spatial and
spectral resolution. First, we evaluate a method proposed by Ishitsuka et al. (2012)
based on SAR interferometry. We use three Single Look Complex images acquired
by the Envisat ASAR instrument to form pre- and co-seismic pairs. Next, we
detect liquefaction surface effects based on a decrease in interferometric coherence.
Second, we evaluate a method based on high resolution optical images.We perform
textural classification and change detection analysis on WorldView-2 images. In
the second method, we identify liquefaction surface effects based on differences
in surface roughness, exposed sediments, and surface moisture. We compare the
performanceof twomethodsacrossdifferentenvironments suchasurbanversus rural
areas.
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The Age of Landslides in Anchorage, Alaska
REEDER, J. W., State of Alaska, Div. Geological & Geophysical Surveys, Retired,
Fairbanks, AK, jreeder@usgs.gov

Numerous largeHolocene landslidesexist inAnchorage,Alaska,whicharesuspected
to have been caused by megathrust earthquakes (Hansen, 1965; Schmoll &
Dobrovolny, 1974; Reeder, 1974). Mean headscarp slopes of these pre-1964
landslides cluster into five assumed ‘degradation with time’ groups. Based on
subsidence events of the nearby Knik Arm Duck Flats, two types of megathrust
earthquakes occur: the Pacific (P) Plate like the 1964 earthquake and a more
continental Yakutat (Y) Plate (Reeder 2012 & 2013). Assuming these two types
alternate, the following predicted Anchorage megathrust events result: 50P, 570Y,
950P, 1470Y, 1850P ybp etc. These ages agree roughly with actual paleoseismic
records for Cook Inlet (Bartsch-Winkler & Schmoll, 1992; Combellick, 1991 &
1994) andCopper RiverDelta (Carver&Plafker, 2008), except theDelta ismissing
570Y and 1850Y. In addition, the average inlet bluff erosion rate for Anchorage is
12 cm/yr (Schmoll &Dobrovolny, 1974 pers. com.). Given a width of up to 200 m
for major landslides, it would require about 1700 yrs to remove the headscarp of a
large landslide along inlet bluffs. Only the steeper three groups occur in inlet bluffs.
Correlating megathrust histories with these slopes result with 36.6◦ for 570 ybp,
33.6◦ for950ybpand31.6◦ for1470ybp,which is expectedwith theknownerosion
rate. Curve fitting yields 2370 ybp for 29.7◦ and a surprising 4550 ybp for 26.8◦ .
The extensive headscarp for the Inlet View School at 12th Ave and N St is in this
4550 ybp category, which also correlates with the largest paleoseismic megathrust
for the region (Plafker & Lienkaemper, 2012). Of note, this degradation curve does
not follow the diffusion model as used for fault scarp degradations (Colman &
Watson, 1983). Diffusionmodels require continuous processes. This is not the case
for Anchorage where slopes appear to be a function of ‘soil’ conditions during and
just after earthquakes.

Landslide Hazard Mapping and Quantitative Landslide Hazard Planning
Scenario for Aizawl, India
CLAHAN, K. B., Lettis Consultants International, Inc., Walnut Creek, CA,
clahan@lettisci.com; DEE, S., Lettis Consultants International, Inc., Walnut
Creek, CA, dee@lettisci.com

Aizawl, the State Capital of Mizoram, in northeast India is a densely populated
hill top city located in the Western Burmese ranges. Aizawl City is located along
the topographic crest and steep limbs of an anticlinal fold in the Burmese fold and
thrust belt. Steep slopes, often in concert with heavymonsoonal rainfall, are subject
to devastating failure in the form of pervasive landsliding that has dominated the
historical geologic hazard record in the region. This active and ongoing geologic
process was reinforcedmost recently onMay 12, 2013when a catastrophic landslide
occurred in the Laiputlang area resulting in the destruction of several properties and
the deaths of 17 people.

A comprehensive landslide hazard planning scenario was recently created for
the City of Aizawl, India. The purpose of the landslide scenario was to estimate the
percentage of the total area that will fail under the scenario earthquake. A landslide
hazard map was created to estimate the percentage of failure as a function of hazard
zone. This estimation is based on theoretical and empirical landslide inventory data
as well as from site specific data collected from the study area and the results of
our slope hazard calculations. We used both quantitative and qualitative methods
to estimate the total landslide area (ALmax) that might fail during a Mw = 7.0
earthquake with PGA= 0.35 in close proximity to Aizawl. Malamud et al. (2004)
presents a statistical distributionof landslide areas and landslide volumes by defining
a probability density function using three complete landslide inventories. Based
on the agreement between these three sets of probability densities a distribution
equation is presented from which landslide areas and volumes can be predicted
for scenario events (Malamud et al., 2004). The quantitative landslide model is
combined with empirical relations of landslide density to calculate a percentage of
area expected to fail during the seismic shaking.

Influence of Near Surface Stiffness, Material Type, and Prior Rupture History
on Reverse Fault Surface Rupture
STANTON,K.V.,UNR,Reno,NV, kevinstanton@unr.edu;MOSS, R. E. S.,Cal
Poly, San Luis Obispo, CA, rmoss@calpoly.edu

The stiffness of the upper thirty meters of geologic material has been shown
statistically to have a strong influence on the propagation of fault rupture to the
ground surface for reverse events, based on empirical data from past earthquakes
(Moss et al., 2013). To further investigate this, a series of fault box experiments
that modeled reverse faulting were run on both sand and clay of varying stiffness.
These lab experiments found that a relatively ‘soft’ material accommodated on
average 88% more normalized base displacement than a relatively ‘stiff’ material,
supporting the empirical field data. The material type (sand versus clay) had an

even greater impact; with sand accommodating on average 175% more normalized
base displacement than clay under similar conditions. When considering prior
rupture, virgin material accommodated on average 411% more normalized fault
displacement than previously ruptured material. These three variables; near surface
stiffness, material type, and prior rupture history have been found experimentally
to be strong indicators of the likelihood of surface fault rupture in reverse faulting
events. Future research is investigating the numerical modeling of these effects to
complement the completed statistical and experimental studies.

Updated Geospatial Liquefaction Model for Global Use
ZHU, J., Tufts University, Medford, MA, jing.zhu@tufts.edu; BAISE, L. G.,
Tufts University, Medford, MA, laurie.baise@tufts.edu; THOMPSON, E.
M., San Diego State University, San Diego, CA, ethompson@mail.sdsu.edu;
MAGISTRALE, H., FM Global Research Division, Norwood, MA, harold.
magistrale@fmglobal.com; WALD, D. J., U.S. Geological Survey, Golden, CO,
wald@usgs.gov

We present an updated geospatial liquefaction model for rapid response and loss
estimation. The original model described in 2013 by Zhu and coauthors was based
on liquefaction occurrence/nonoccurrence data from Christchurch, New Zealand
and Kobe, Japan. We update the model by including data from 15 earthquakes in
the United States and Japan where liquefaction has been observed and mapped.
Our approach predicts the probability of liquefaction occurrence as a function
of simple and widely available geospatial parameters (e.g., derived from digital
elevation models) and standard earthquake-specific intensity data (e.g., ShakeMap
produced by the United States Geologic Survey). As a result, our model can be
applied around the globe without additional data collection. In this approach, we
use geospatial parameters as proxies for important subsurface soil properties. For
instance, we use time averaged shear wave velocity over the upper 30 m (VS30)
and compound topographic index to model soil density and soil saturation. In the
current model, we use the Global Multi-resolution Terrain Elevation Data 2010
to compute the topographic proxies. We evaluate different sampling schemes to
improve the accuracy of the model. The model has been tested over a broad range
of geospatial environments and can be implemented in global rapid response and
loss estimation.

Recent Advances in GroundMotions SimulationMethods
and Their Validation
Poster Session ·Thursday · 1May ·Cook/Arteaga

Using the SCEC Broadband Platform for Strong GroundMotion Simulation and
Validation
SILVA, F., Southern California Earthquake Center, Los Angeles, CA, fsilva@
usc.edu; MAECHLING, P., Southern California Earthquake Center, Los
Angeles, CA,maechlin@usc.edu; GOULET, C., Pacific Earthquake Engineering
Research Center, Berkeley, CA, goulet@berkeley.edu; SOMERVILLE, P.,
URS Corporation, Los Angeles, CA, paul.somerville@urs.com; JORDAN, T.,
Southern California Earthquake Center, Los Angeles, CA, tjordan@usc.edu

The SouthernCalifornia EarthquakeCenter (SCEC) Broadband Platform is open-
source scientific software that can generate broadband (0 100Hz) groundmotions
for earthquakes, integrating complex scientific modules that implement rupture
generation, low and high-frequency seismogram synthesis, non-linear site effects
calculation, and visualization into a software system that supports easy on-demand
computation of seismograms. The Platform has been developed by a scientific
and engineering collaboration that involves geoscientists, civil engineers, graduate
students, and scientific software developers.

The Platform operates in two modes: validation simulations and scenario
simulations. In validation mode, the Platform runs earthquake rupture and wave
propagation modeling software to calculate seismograms of a historical earthquake
for which observed strong ground motion data is available. In validation mode, the
Platformcalculates anumberof goodnessof fitmeasurements thatquantifyhowwell
the model-based broadband seismograms match the observed seismograms. Based
on these results, thePlatformcanbeused to evaluate andvalidatedifferentnumerical
ground motion modeling techniques. We have recently modified the software to
enable the addition of a larger number of historical events, and we are now adding
validation simulation inputs and observational data for 20+ historical events from
the eastern and western United States, Japan, Taiwan, Turkey, and Italy. In scenario
mode, the Platform runs simulations for hypothetical earthquakes. In this mode,
users input an earthquake description, a list of station names and locations, and a 1D
velocity model for the region of interest, and the Platform software then calculates
ground motions for the specified stations.
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The Broadband Platform collaborative development process, involving earth
scientists, engineers, and software developers, helps ensure that the Platform can be
used in earthquake engineering applications.

Evaluation of thePoint-SourceStochastic SimulationMethodwithin theSCEC
Broadband Platform Validation Effort
DI ALESSANDRO, C.,GeoPentech, Inc., SantaAna,CA, carola_dialessandro@
geopentech.com; BOORE, D. M., USGS, Menlo Park, CA, boore@usgs.gov;
ABRAHAMSON, N. A., Pacific Gas and Electric Company, San Francisco, CA,
abrahamson@berkeley.edu

The point-source stochastic simulation method (SMSIM) represents ground
motions as a product of simple equations, whose parameters are often derived
empirically and therefore are region-specific. Despite being a simple method, the
parameters required as inputs retain some physics associated with the effects of the
source, path, and site. Although not being formally evaluated within the SCEC
Broadband Platform (BBP) Validation effort, results from the recently modified
SMSIM have served as a benchmark for comparing the performance of finite-
fault numerical methods to simulate pseudo-spectral acceleration (PSa) for use
in engineering applications. For this validation exercise, we introduced a new 2-
corner source model formulated as the summation of two functions of frequency,
representing a generalization of previously published 2-corner models. The new
model allows the high-frequency spectral level to be specified by a stress parameter,
as it is for the standard one-corner source model.We also accounted for an effective
distance, which modifies the single distance used in the point-source simulation to
capture the effect of the motions from the extended source arriving from various
parts of the fault.

In the presentation, we will provide a brief overview of the new features
in SMISM and will discuss the improved ability of the equivalent point-source
modeling approach to predict the ground motions from large earthquakes.
Calibration of the method by means of comparison with PSa from published
GMPEs for two well constrained scenarios shows a considerable flexibility for
the new 2-corner source model to approximate a wide range of spectral shapes.
Event-specific optimization of the method was achieved by minimizing the bias of
simulation results with respect to empirical observations forWestern US events.

Validation of the Stochastic Finite Fault Module (EXSIM) Implemented on the
SCEC Broadband Platform
ASSATOURIANS, K., Western University, London, ON, Canada,
karenassatourians@yahoo.com; ATKINSON, G., Western University,
London, ON, Canada, gmatkinson@aol.com

The stochastic finite fault model of Motazedian and Atkinson (2005) and Boore
(2009), as implemented in the EXSIM program (www.seismotoolbox.ca) is among
theSouthernCaliforniaEarthquakeCenter (SCEC)broadband earthquake ground
motion simulation modules. We calibrate model input elements of EXSIM by
comparing pseudo response spectral acceleration (PSA) of ten well-recorded
earthquakes inCalifornia,EasternNorthAmerica,andJapanwiththecorresponding
simulated PSAs. In addition, simulated PSA amplitudes are compared to those
of ground-motion prediction equations (GMPEs) from the Next-Generation-
Attenuation (NGA)project. EXSIMsimulations’average spectral amplitudes are in
very good agreement with both event-specific recordings, and with the predictions
from GMPEs, over a broad distance and period range, even though we use basic
region-specific parameters with no attempt to fit each earthquake individually.
The important input parameters are the stress parameter and the attenuation
model; an adjustment to the Brune point-source spectrum is made to introduce
a ‘double-corner’ effect (Atkinson and Silva, 1997) that reduces bias at longer
periods, particularly for events in California.

We confirm previous conclusions (Motazedian and Atkinson, 2005) that
average PSAs from EXSIM simulations don’t vary much from one random
slip realization to another. The mean bias is correctly reproduced using 5 to
10 realizations for large events (M>6.5), while smaller events may need more
realizations. The average bias computed from an individual earthquake (comparing
EXSIM PSA to recorded PSA), within the 0.1s to 1.0s period band, can be used
to infer an event-specific stress parameter. The event-specific stress parameters vary
from ∼100 to 300bars for study events in California and Japan, and ∼300 to
900bars for ENA; however note that the very high stress for ENA is associated with
steep near-source geometric spreading.

Refinements to the Graves and Pitarka (2010) Broadband Simulation Method
GRAVES, R.W., US Geological Survey, Pasadena, CA, rwgraves@usgs.gov

Over the past several years, the performance of several ground motion simulation
methods has been examined on the SCEC Broadband Simulation Platform (BBP).
The analysis utilizes two complementary validation approaches: Part A compares
simulated ground motions with recordings from past earthquakes and Part B

compares median ground motion prediction equation results for hypothetical
earthquakes with predictions from the BBP methods (Goulet et al., 2013). Here,
I describe refinements to the Graves and Pitarka (2010) simulation method that
have been guided by these studies. One refinement involves the addition of a
deep weak zone to the rupture characterization, analogous to the shallow weak
zone introduced by Graves and Pitarka (2010). The deep zone begins at 15 km
and is characterized by a two-fold increase in the average rise time up to a fault
depth of 18 km. Below 18 km, a constant factor of two increase applies. This is
accompanied by a reduction in the width of slip tapering along the fault edges.
These modifications reduce the radiation of strong motion energy from the deep
fault while still allowing large fault displacement to occur in this zone. The result is
to reduce the tendency of the simulations to over-predict observed ground motion
levels in the period range of 1 to 5 sec, particularly for larger magnitude ruptures
(Mw > 6.5). A second refinement to the methodology is to add perturbations to
the correlation structure for rise time and rupture speed parameterization. The
original approach directly correlated variations of rise time and rupture speed with
variations in local fault slip. Here, the correlation structure is relaxed such that the
variations are randomly selected from a log-normal distribution having a median
value that follows the specified correlation with local slip. The effect is to reduce
the coherency of radiatedmotions around 1 to 2 sec period and provide a smoother
transition into the stochastic approach used at shorter periods.

The SDSU Broadband Ground Motion Generation Module Version 1.5
OLSEN, K. B., San Diego State University, San Diego, CA, kbolsen@mail.sdsu.
edu; TAKEDATSU, R., SanDiego State University, SanDiego, CA, rtakedatsu@
mail.sdsu.edu

The Southern California Earthquake Center (SCEC) has completed Phase 1 of its
Broadband Platform (BBP) ground motion simulation validation, evaluating the
potential applications for engineering of the resulting PSAs generated by 5 different
methods. The evaluation included part A, where the methods were evaluated based
on the bias of simulation results to observations for 7 well-recorded historical
earthquakes with source-station distances between 1 and 193 km, and part B, where
simulation results forMw 6.2 andMw 6.6 strike-slip and reverse-slip scenarios were
evaluated at 20 km and 50 km from the fault. The methods were assessed based on
the bias of the median PSA for the 7 events in part A, and on a specified acceptance
criterion compared to NGA-West2 GMPEs in part B. One of the 5 methods
evaluated was BBtoolbox, a hybridmethod combining deterministic low-frequency
(LF) synthetics with high-frequency (HF) scatterograms (Mai et al., 2010; Mena
et al., 2010;V1.4). In the validation exercise, theLFs are generatedusing1-DGreen’s
Functions and 50 source realizations from the kinematic source generator module
by Graves and Pitarka (2010, ‘GP’).

However, the results from BBtoolbox V1.4 did not appear to pass the
validation exercise. In order to obtain more accurate BB synthetics, we generated
BBtoolbox V1.5 which scales the HFs to a theoretical spectral level at the merging
frequency (GP, Eq. 10) fixed at 1Hz, rather than the level of the LFs in V1.4. This
modification has generated much improved spectral levels at higher frequencies,
while we have seen little evidence of artifacts from this technique. In addition,
V1.5 introduced a new source time function with rise-time scaled as a function of
moment. With these modifications, BBtoolbox V.15 became one of three methods
passing the SCEC validation exercise. Here, we describe the details of BBtoolbox
V1.5, and show comparisons between BBtoolbox V1.5 synthetics and observations
from the validation exercise.

Adapting the Composite Source Model for the SCEC Broadband Platform
ANDERSON, J. G.,Nevada Seismological LaboratoryUNR,Reno,NV, jga@unr.
edu

Thecomposite sourcemodel is akinematic sourcethat,while stochastic innature, can
be described with a very small number of parameters. The source is a superposition
of subevents (Brune pulses) distributed randomly on the fault, with sizes distributed
according to a random realization of the Gutenberg-Richter distribution, and
initiation timedeterminedby the rupture velocity anddistance fromthehypocenter.
Green’s functions are calculated for a flat-layered structure using the method
described by Luco and Apsel. The seismograms are found by combining the source
and Green’s functions using the representation theorem. While this model has
been successful in reproducing the statistical characteristics of ground motions
for several earthquakes, adaptation to the SCEC Broadband Platform requires
implementation decisions and a systematic procedure for calibration of the model.
The key parameters that must be adjusted are the velocity model, the Q model as a
function of frequency and depth and the stress drop of the Brune subevents. The
velocitymodel needs sufficient complexity tomimic the crustal waveguide. The site
contribution tokappa ismatchedby adjusting the valueof frequency-independentQ
in layers shallower than 5 km, within observational limits, to obtain the target value.
The distance dependence of kappa ismatched by setting the frequency-independent
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contribution to Q in layers below 5 km to maintain consistency with observed Q
valuesobtainedfromregionalwavepropagation.Theeffectof frequencydependence
in Q is reproduced by the approach to coda generation. Then an optimal subevent
stress drop for each calibration event is determined, and trends withmagnitude and
faulting mechanism are used to find optimal values for modeling future events. A
progress report on this ongoing calibration process will be given in the presentation.

Separating Low- and High-Frequency Wave Propagation in Synthetic
Broadband Ground Motion Modeling
CREMPIEN, J. G. F., UCSB, ERI, Santa Barbara, CA; ARCHULETA, R. J.,
UCSB, ERI, Santa Barbara, CA

Groundmotionpredictionequations for spectralaccelerationinthewesternUShave
geometrical attenuation (GA) that is∼1/R (Earthquake Spectra, 2008). However
earthquakes simulated in 1D earth models have a larger GA for epicentral distances
up to ∼70 km (e.g., Burger et al., 1987), This difference is most likely caused by
the 1D velocity structure’s failure to represent the propagation of high frequency
(HF) waves. Consider a finite fault representing the source embedded in a nearly
homogeneous region of a 1Dmodel. For epicentral distances greater than the source
depth, upgoing rays will have a large angle of incidence when they impinge on the
near-surface layers. These rays will then glance off the shallow structure and thus
transmit insufficient energy to the surface.

To overcome this effect in 1D models, we have modified the UCSB method
for computing broadband synthetics (Liu et al., 2006; Schmedes et al., 2013). We
use different velocity structures for HF and low-frequency (LF) propagation. The
source remains the same. Liu et al. (2006) includes stitching of synthetics computed
using a 1D velocity structurewith those from a 3Dvelocity structure. Following this
approach we compute ground motions up to a certain frequency using the full 1D
model.Wemodify the full 1Dmodel by replacing themediumabove theMohowith
asingleelastic layer.Usingthesamesource,wecompute fullwaveformsyntheticswith
the modified 1Dmodel.We approximate the local amplification expected from the
full 1Dmodel by applying the quarter wavelength method (Boore & Joyner, 1997).
We use wavelets to stitch the HF ground motion, computed with the modified 1D
model and local amplification, to the LF ground motion, computed with the full
1D model. With these modifications we recomputed a set of validations used by
SCEC. In particular we are interested in eliminating the bias (in the goodness of
fit) that changed with distance.

Pseudo-dynamic Source Modeling with 1-Point and 2-Point Statistics of
Earthquake Source Parameters
SONG, S. G., ETHZurich,Zurich, Switzerland, song@sed.ethz.ch;DALGUER,
L. A., ETH Zurich, Zurich, Switzerland, dalguer@sed.ethz.ch; MAI, P. M.,
KAUST, Thuwal, Saudi Arabia,martin.mai@kaust.edu.sa

Ground motion prediction is an essential element in seismic hazard and risk
analysis. Empirical ground motion prediction approaches have been widely used
in the community, but efficient simulation based ground motion prediction
methods are needed to complement empirical approaches, especially in the regions
with limited data constraints. Recently, dynamic rupture modeling has been
successfully adopted in physics-based source and groundmotionmodeling. Various
forms of pseudo-dynamic source modeling methods have also been developed
to benefit from both computational efficiency of kinematic source modeling and
physics-based source models. We develop a new pseudo-dynamic source modeling
method with 1-point and 2-point statistics of earthquake source parameters. Both
1-point and 2-point statistics are constrained by rupture dynamics and kinematic
source models for past events. We generate physics-based kinematic source models
for future events by stochastic modeling, honoring target 1-point and 2-point
statistics.More importantly, we are nowable to quantify the variability, in particular,
aleatory uncertainty, of finite source models more rigorously. It is an important
issue to quantify the variability of finite sourcemodels because seismic hazardmight
be dominated by the upper bound of the variability. In the framework of 1-point
and 2-point statistics, standard deviation (1-point statistics) controls the variability
of each source parameter at any given point on the fault while correlation (2-point
statistics) controls the shape of the variability in a multi-dimensional space. Our
ground motion sensitivity analysis shows that both 1-point and 2-point statistics
of source parameters significantly affect near-source groundmotion characteristics.
Since we are not able to predict future events in a deterministic sense, we believe
that it is a valuable effort to quantify the whole possible range of rupture scenarios
by constructing a consistent statistical framework.

BroadbandAccelerationTimeHistoriesSynthesis byCoupling LowFrequency
Seismic Noise and High Frequency Stochastic Modelling
VIENS, L., IPGP, France now at ERI, Univ. Tokyo, Japan, viens@eri.u-
tokyo.ac.jp; LAURENDEAU, A., CEA/DAM/DIF/DASE, Arpajon, France;

BONILLA, L. F., University Paris-Est, IFSTTAR, France; SHAPIRO, N., IPGP,
France

Information carried by the ambient seismic noise is exploited to extract Green’s
functions between two seismic stations using one as a ‘‘virtual’’ source. The
method developed by Prieto and Beroza (2008) is used and validated by comparing
the ambient noise impulse response waveforms with earthquakes of moderate
magnitudes from 4 to 6.1 in Japan. As the information is only available at low
frequencies (less than 0.25 Hz), the seismic noise approach is coupled with a non-
stationary stochastic model allowing to simulate time domain accelerograms from
0 to 50 Hz. This coupling allows the predicted ground motion to have both the
deterministic part at low frequencies coming from the source and the crust structure
and the high frequency randomcontribution from the seismicwaves scattering. The
resulting broadband seismograms show a good agreement with observed ground
motions from real earthquakes in the northern Tokyo area in Japan.

Deterministic Simulation of the Mw 5.4 Chino Hills Event with Frequency-
Dependent Attenuation, Heterogeneous Velocity Structure and Realistic
Source Model
SAVRAN,W. H., San Diego State University, San Diego, CA, wsavran@ucsd.
edu; OLSEN, K. B., San Diego State University, San Diego, CA, kbolsen@mail.
sdsu.edu

Wepresent simulations of the 2008Mw5.4ChinoHills earthquake for frequencies
0.1 to 2.5Hz.Ourmodel includes frequency-dependent attenuationwith power law
Q(f )=Q0fn (Withers et al., 2013), statistical models of small-scale heterogeneities
in the medium, and a finite-fault source description (Shao et al., 2012). The
background medium is the Southern California Earthquake Center (SCEC)
community velocitymodel version 4 (CVM-4).We generate synthetic seismograms
at 14 stations in theLosAngelesArea andperform sensitivity tests on theparameters
of the small-scale heterogeneities, guided by analysis of sonic logs. Our results show
that key ground motion parameters, such as peak ground velocity (PGV), peak
ground acceleration (PGA), cumulative kinetic energy (CKE) and Arias intensity
(AI) are affected by the statistical model parameters up to 60% at some stations.
End-member tests show that correlation length (L) can change CKE, PGV, and
AI by up to 30%. Varying the Hurst exponent (H) from 0.0 to 0.5 causes a slight
increase in CKE and AI, but does not result in systematic changes of PGV or
PGA. Spectral analysis shows the statistical model primarily affects frequencies
greater than 1Hz. Based on comparisons with data, we recommend an attenuation
relationship where Qs0 =0.10Vs to Qs0 =0.15Vs, and statistical models of small-
scaleheterogeneitieswithL=150m,H=0.0 0.1 and standarddeviationsof5 10%.
The statisticalmodels include a horizontal-to-vertical anisotropy factor (∼5), based
on findings from borehole analysis (Plesch and Shaw, 2013). We find reasonable
fits for ground motion parameters and frequency content; however, at some of
the stations, particularly on hard-rock sites, the small-scale heterogeneities do not
account for the misfit between observed and synthetic seismograms. As a result of
this, we conclude the seismic velocities in the upper hundreds ofmeters are too large
in the CVM-4 at these sites.

Sensitivity of Ground Motion Simulation Validation Criteria to Filtering
KHOSHNEVIS, N., University of Memphis, Memphis, TN, nkhshnvs@
memphis.edu; TABORDA, R., University of Memphis, Memphis, TN, ricardo.
taborda@memphis.edu

Thevalidationof groundmotion syntheticshas received increasedattentionover the
last few years due to advances in physics-based deterministic and hybrid simulation
methods. Validation of synthetics is necessary in order to determine whether the
available simulationmethodsarecapableof faithfully reproducethecharacteristicsof
groundmotions from past earthquakes. Since amajor use of synthetically generated
seismograms is in the areas of engineering applications, some validation methods
are based onmetrics that are oriented towards satisfying specific characteristics such
as response spectral shape, duration, and intensity. Particular validation methods
involve filtering of signals in order to assess the quality of the fit between synthetics
and data within different frequency bands. This allows weighting the contribution
of different wavelengths in a physically intuitive way, where the low frequencies are
given more weight than the higher frequencies. One particular method of interest
is the goodness-of-fit (GOF) criterion introduced by Anderson (2004), where a
suit of ten different metrics are combined by frequency bands and ground motion
components. We investigate the sensitivity of the GOF criterion to the type and
order of band-pass filters used to decompose the original pair of synthetic and data
seismograms.We also analyze the consistency and correlation of the results obtained
using the various metrics with an alternative time-frequency based misfit criterion.
Wediscussthe implicationofthechoiceof filteringparameters forthecompositionof
results for the case study of a physics based simulation (0 4Hz) of a past earthquake
for which we have a dataset of more than 300 records and offer conclusions about
ways to improve future validation of ground motion simulation results.
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3DModeling of Full Waveform Propagation to Evaluate Site Effects on Design
Ground Motions at LANL
LARMAT, C. S., EES-17, Los Alamos National Laboratory, Los Alamos, NM,
carene@lanl.gov; MILLER, T. A., EES-16, Los Alamos National Laboratory, Los
Alamos, NM, tamiller@lanl.gov; GABLE, C. W., EES-16, Los Alamos National
Laboratory, Los Alamos, NM, gable@lanl.gov; LEE, R. C., EES-17, Los Alamos
National Laboratory, Los Alamos, NM, rclee@lanl.gov

The 50-km-long Pajarito Fault System (PFS), extends along the western margin
of Los Alamos National Laboratory (LANL). This proximity of LANL to the
PFS implies unique ground motion design challenges to LANL with the further
complication of the lack of empirical strongmotion data in the near field forM 6 7
normal faulting earthquakes. The area is also characterized by a complex subsurface
geology consisting of successive basalts flows, volcanic ash deposits and sedimentary
units. Both structural features and topography can introduce strong frequency
dependent amplification effects. In the last decade, new numerical methods have
emergedallowingthemodelingof fullwaveformpropagation incomplex3Dmodels.
The Spectral Element Method (SEM) is one of the methods achieving remarkable
accuracy and convergence performance. In this paper, we present modeling results
of wave propagation at LANL using SEM with a 3D seismic model built from
available sources of information. A LIDAR model provides surface topography of
mesa’s and canyons and structural surface. Subsurface structure and stratigraphy
are rendered by the 2005 Geologic Framework Model (GFM) developed for the
Pajarito Basin for the LANL Hydrogeologic Workplan. The data of 31 regional
wells completed since 1998 have been used to constrain transport properties. The
SEM uses hexahedra meshes that cannot contain any degeneracies such as zero
length edges or zero-volume elements. We construct the meshes selecting basin
stratigraphy that form continuous layers without pinching out. All stratigraphic
GFM materials are interpolated on to each mesh hexahedra. The result is a stair-
step interface except along layers used in the mesh where the hexahedra conform
to the stratigraphic layer. Ground motions resulting from different models will be
compared. In addition, variability and uncertainty in elastic properties assigned to
each GFMmaterial will be explored using alternate seismic source scenarios.

TwoSummation-By-Parts FiniteDifferenceCodes for LargeScaleSimulations
of Seismic Motion
PETERSSON, N. A., Lawrence Livermore National Lab, Livermore, CA,
petersson1@llnl.gov; SJOGREEN, B., Lawrence Livermore National Lab,
Livermore, CA, sjogreen2@llnl.gov; RODGERS, A. J., Lawrence Livermore
National Lab, Livermore, CA, rodgers7@llnl.gov

We report a methodology for finite difference simulations of anelastic seismic
motions using the summation by parts (SBP) method. The SBP method provides
provably accurate and energy stable solutions. We describe the underlying
methodology and two parallelized open- source codes developed for a variety of
applications, based on second (WPP) and fourth order (SW4) accurate space and
time discretizations.

Ourmethod uses a node-centered discretization of the seismicwave equations
in displacement formulation on a structured, or piecewise structured, grid. Our
approach is different from the conventional staggered grid used in many seismic
FD methods. The node-centered approach allows us to deform the mesh near the
free surface to accurately enforce the free surface boundary condition along the
actual topography. At depth, mesh coarsening can be used to allow the grid size
to increase as wave speeds increase, saving memory and increasing the time step.
Mesh generation is automatic allowing for great ease of use to change the domain
size, orientation and grid spacing. Absorbing boundary conditions are implemented
using a super-grid approach. Attenuation is modeled through a linear viscoelastic
reological model using a small number of standard linear solid (SLS) elements
coupled in parallel. Three-dimensional (3D) material models can be rendered on
the grid in various ways, including hierarchical octreemodels such as theUSGS San
Francisco Bay Area model.

The accuracy and convergence of our SBP FD codes is demonstrated by
verificationagainst canonicalproblemsandsemi-analytical solutions.Parallel scaling
propertiesofourcodeswill alsobereported.Furthermore,wedemonstrate theability
of our method, together with a well- developed 3D material model, to predict
recorded ground motions for earthquakes in the eastern San Francisco Bay Area.
The effect of free surface topography is investigated by computing the responsewith
or without topography.

ANewDiscrete Representation of HeterogeneousMedium for the Staggered-
grid Finite-difference Modelling of Earthquake Motion
KRISTEK, J., Comenius University Bratislava, Bratislava, Slovakia, kristek@
fmph.uniba.sk;MOCZO, P.,ComeniusUniversity Bratislava, Bratislava, Slovakia,
moczo@fmph.uniba.sk; CHALJUB, E., ISTerre Institut des Sciences de la
Terre, Grenoble, France, Emmanuel.Chaljub@ujf-grenoble.fr; DE MARTIN, F.,

BRGM Bureau de Recherches Géologiques et Miniéres, Orleans, France, F.
DeMartin@brgm.fr; KRISTEKOVA, M., Slovak Academy of Sciences, Bratislava,
Slovakia, kristekova@savba.sk; GALIS, M., King Abdullah University of Science
& Technology, Thuwal, Saudi Arabia,Martin.Galis@kaust.edu.sa

Sufficiently realistic models are necessary for numerical prediction of earthquake
groundmotion especially in local surface sedimentary structures capable to produce
anomalous earthquake motion. It is also obvious that the realistic physical model
has to be sufficiently accurately represented by discrete grid models in the (spatial)
domain numerical methods such as finite-difference methods.

Recent international comparative exercises for a typical deepAlpineGrenoble
valley, France, (ESG 2006) and a shallow sedimentary Mygdonian basin, Greece,
(E2VP Euroseistest Verification and Validation Project 2008 2012) indicated
that the existing finite-difference schemes do not reach sufficient accuracy if surface
waves are locally induced and propagating along interface with strong velocity
contrast.

Recent finite-difference schemes represent a large variety of approaches with
considerable differences in accuracy and computational efficiency in realisticmodels
with large velocity contrast and complex geometry of material interfaces. This is
mainly due to a level of inconsistency of the various discrete representations of the
material interfaces with the boundary conditions at the interfaces.

The E2VP experience led us to improve the existing discrete representation
of strong material heterogeneity. We have developed a new discrete representation
which is even more accurate than that presented by Moczo et al. (2002) while
still consistent with the spatial distribution of particle-velocity and stress-tensor
components in the finite-difference staggered-grid scheme.

We briefly present theoretical principles of the new discrete representation
and demonstrate its superior accuracy using extensive numerical tests against exact
and reliable independent solutions.

GPU-based 3D Simulation of Acoustic Wave Propagation with Complex
Topography
KIM,K.,University ofNorthCarolina,ChapelHill,NC, keehoon@live.unc.edu;
LEES, J. M., University ofNorthCarolina, ChapelHill, NC, jonathan.lees@unc.
edu

By transferring parallel computations to a high end video card (GPU) we managed
to reduce the time of finite difference wave propagation calculations from 11
hours to 27 minutes, an improvement of 95%. This allows us to pursue complex
computations without incurring the high costs of large parallel computer clusters
or supercomputers. As a first experiment we simulated acoustic wave propagation
in an artificial urban environment to illustrate the power of the computational
set up. Reverse-time migration is accomplished by propagating a wavefield after
reversing the time axis.Using synthetic examples, reverse-timemigrationof resultant
waveforms indicates that we can reasonably reduce the number of stations from
36 to 3 (a 91% reduction) and still achieve a source location solution, although
the presence of noise is evident. Application of the reverse-time method using
infrasound data in the complex topographic region of Sakurajima volcano, Japan,
provides a high resolution localization of the source region. Acoustic pressures from
explosive eruptions at Sakurajima were recorded by a temporary network deployed
in July, 2013,<7 km from the active vent and amplitudes varied significantly with
the crater-station azimuth. Results of numerical modeling are consistent with the
observed azimuthal distribution of sound amplitudes, suggesting that scattering
and diffraction along the source-to-receiver path geometry is significant. Forward
modeling using the GPU-based approach further reveals acoustic nodes of the wave
propagation that may be critical to deployment planning. Since topographic relief
near volcanoes is often pronounced, scattering and diffraction from topography
represents amajor part of propagation effects for local infrasound propagation. The
GPU-based approach opens new possibilities for exploring 3D wave propagation
for testing hypotheses and predicting accurate arrival phases in the presence of wave
field distortion.

Seismic Imaging as USArrayMoves to Alaska
Poster Session ·Thursday · 1May ·Cook/Arteaga

New Data Products at the IRIS DMC
BAHAVAR,M., IRIS, Seattle,WA,manoch@iris.washington.edu;HUTKO,A.,
IRIS, Seattle,WA, alex@iris.washington.edu; TRABANT, C., IRIS, Seattle,WA,
chad@iris.washington.edu

Since 2009 IRIS Data Management Center (DMC) data products have served the
seismology community in a variety of ways with data derived products and tools
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to facilitate research. We are expanding our products beyond those derived from
traditional seismic data and highlight three new products.

The Noise Toolkit product, available soon, is based on hourly power spectra
calculated for broadband (BH) channels at hundreds of global stations. The Noise
Toolkit includes polarization attributes of noise,which canhelp gain insight into the
propagation mode of ambient noise. It also measures microseism energy in variable
length time windows, making it ripe for data mining and other applications such as
‘weather maps’ of seismic noise.

TheTA InfrasoundReference EventDatabase (TAIRED) is a user-supported
evolving infrasound event database that serves as a reference event depository where
researchers cancontributenewevents, providealternate solutions for existingnatural
and man made seismoacoustic sources and find sample infrasound events for their
research.

Finally, we are working with the AxiSEM project on a large, multi-terabyte
database of 2D axisymmetric SEMGreen’s functions. We will couple this database
with a processing system allowing customizable, on-demand synthetic seismograms.
Syntheticswill beavailable for any source-receiver geometryand includeattenuation,
anisotropy and any source type (e.g. GCMT, point-source, user-uploaded source-
time function). These synthetic seismograms will be available via a web service;
we will also provide simple and intuitive command line clients to make access
easy.

EarthScope’s Transportable Array in Alaska
BUSBY, R.W., IncResearchInstitutionsforSeismology,Washington,DC,busby@
iris.edu;HAFNER,K., IncResearch Institutions for Seismology,Washington,DC,
hafner@iris.edu;WOODWARD, R. L., Inc Research Institutions for Seismology,
Washington, DC, woodward@iris.edu

Since 2003, EarthScopehas been installing seismometers in a network, knownas the
TransportableArray, across the continentalUnitedStates and southernCanada.The
station deployments in the conterminous US were completed in the fall of 2013.
In October 2013, and continuing for 5 years, EarthScope’s Transportable Array
plans to create a grid of seismic sensors in approximately 265 locations In Alaska
and Western Canada. The proposed station grid is 85 km, and target locations
will supplement or enhance existing seismic stations operating in Alaska. Where
possible, they will also be co-located with existing GPS stations constructed by the
Plate BoundaryObservatory. Stations will utilize the complete sensor suite as in the
lower-48 (broadband seismic and atmospheric) with potentially some additional
sensors for soil temperature, meteorological and/or strong motion.

We describe the deployment plan and schedule for installation, and details
of the engineering concept for the stations. Opportunities for collaborative
measurements at TA stations will also be described.

IRIS has installed several experimental stations to evaluate different sensor
emplacement schemes both in Alaska and the lower-48 U.S. The goal of these
tests is to maintain or enhance a station’s noise performance while minimizing
its footprint and the equipment, materials, and overall expense required for
construction. Motivating this approach are recent developments in posthole
broadband seismometer design and the unique conditions for operating in Alaska,
where most areas are only accessible by small plane or helicopter, and permafrost
underlies much of the region. IRIS has tried different portable drills and drilling
techniques to create shallow holes (1 5M) in permafrost and rock outcrops. The
results indicate that seasonal changes can affect the performance of seismometers in
different ways depending on the emplacement technique. Updates on these results
will be described.

Celebrating 10 Years of Delivering EarthScope USArray Transportable Array
data from the Array Network Facility (ANF)
EAKINS, J. A., Univ. of California, San Diego, La Jolla, CA, jeakins@ucsd.edu;
VERNON, F. L., Univ. of California, San Diego, La Jolla, CA; ASTIZ, L., Univ. of
California, San Diego, La Jolla, CA; DAVIS, G. A., Univ. of California, SanDiego,
La Jolla, CA; MEYER, J., Univ. of California, San Diego, La Jolla, CA; REYES, J.,
Univ. ofCalifornia, SanDiego, La Jolla, CA;MARTYNOV,V.,Univ. ofCalifornia,
SanDiego, La Jolla, CA; TYTELL, J., Univ. of California, SanDiego, La Jolla, CA;
COX, T.A., Univ. of California, San Diego, La Jolla, CA

Since 2004, the Array Network Facility (ANF) has been responsible for generation
and delivery of the metadata as well as collection and initial quality control and
the transmission of the seismic, and more recently infrasound and meteorological
data, for the EarthscopeUSArray Transportable Array. As of January 2014, we have
managed data from nearly 1700 stations and are transitioning to operations for the
TA in Alaska and the CEUSN project in the Eastern US.

Personnel at the ANF provide immediate eyes on the data to improve quality
control as well as interact with the individual stations via calibrations, mass re-
centering, baler data retrieval and event analysis. Web-based ANF tools have been

developed, and rewritten over the years, to serve the needs of both station engineers
and the public. Many lessons on the needs for scalability have been learned.

Real-time feeds of seismic, infrasound, and meteorological data have been
available for all TA stations while deployed in the lower 48. Plans for data return
when the TA goes to Alaska are still under development. Seismic analysts continue
to review all seismic events recorded on 7 or more TA stations making associations
against externally available bulletins and/or generating ANF authored locations
which are available at both the ANF and IRIS-DMC.

The pressure data available from USArray stations have several unique
characteristics that are allowing us to conduct a rigorous analysis of the spatio-
temporal variations in the pressure field on time scales of less than an hour across the
eastern United States. Deployment of these instruments across Alaska will present
a unique dataset.

Flat-Slab Subduction andWhole Crustal Faulting in Alaska: Potential Targets
for Earthscope and Joint Active-Passive Seismic Imaging
WORTHINGTON, L.W., University of New Mexico, Albuquerque, NM,
lworthington@unm.edu; GULICK, S. P. S., University of Texas Institute for
Geophysics, Austin, TX, sean@ig.utexas.edu; CHRISTESON, G., University
of Texas Institute for Geophysics, Austin, TX, gail@ig.utexas.edu; VAN
AVENDONK, H. J. A., University of Texas Institute for Geophysics, Austin,
TX, harm@ig.utexas.edu; PAVILS, G. L., Indiana University, Bloomington, IN,
palvis@indiana.edu; RUPPERT, N., Unversity of Alaska Geophysical Institute,
Fairbanks, AK, natasha@giseis.alaska.edu; PAVLIS, T. L., University of Texas at
El Paso, El Paso, TX, pavlis@geo.utep.edu

Multidisciplinary seismic experiments that include both active-source and passive-
source imaging can address fundamental tectonic processes in Alaska. Results from
theContinentalDynamics ST.EliasErosion and tectonicsProject (STEEP)provide
a powerful example showing that the crystalline crust of the Yakutat Terrane in
southern Alaska ranges from 15 35 km thick and is underthrusting the North
American plate from the St. Elias Mountains to the Alaska Range (∼500 km).
Deformation of the upper plate occurs within the offshore Pamplona Zone and
onshore Yakutat fold and thrust belts. Deformation patterns, structural evolution,
and the sedimentary products of orogenesis are fundamentally influenced by
feedbacks with glacial erosion. Recent onshore-offshore active source and onshore
passive source models show the Yakutat Moho dips beneath the regions of high-
topography within the St. Elias-Chugach Mountains potentially underlying >20
km of tectonically thickened sediments coincident with regions of maximum
uplift and exhumation. The Moho dips with increasing steepness towards the
Wrangell Volcanic Field reaching 80 km, implying the source of volcanism.
The northern, southern, and eastern limits of the Yakutat microplate are strike-
slip faults that, where imaged, appear to cut the entire crustal section and
may allow for crustal extrusion towards the Bering Sea. Yakutat collison effects
on mantle flow, however, have been suggested to cross these crustal features
to allow for far-field deformation in the Yukon, Brooks Range, and Amerasia
Basin.

Targeted geodetic and seismic deployments as part of Earthscope working
within the ‘backbone’ of the Transportable Array framework could examine all of
these features and especially extended observations of lithospheric structure beyond
the locations of the STEEP, MOOS, and BEAAR experiments to seek to address
fundamental questions about tectonic interactions throughout the northernmost
Cordillera and Alaska.

Joint Inversion of Seismic and Gravity Data for Velocity Structure and
Hypocentral Locations at Akutan and Makushin Volcanoes
SYRACUSE, E. M., Los Alamos National Laboratory, Los Alamos, NM,
syracuse@lanl.gov; MACEIRA, M., Los Alamos National Laboratory, Los
Alamos, NM, mmaceira@lanl.gov; ZHANG, H., University of Science and
Technology of China, Hefei, Anhui, China, hjzhang@mit.edu

Joint inversions of geophysical data recover models that simultaneously fit a variety
of constraints while playing upon the strengths of each data type. In this study, we
combine body wave arrival times with surface wave dispersion measurements and
gravity observations to develop a combined 3D P- and S-wave velocity model for
Akutan and Makushin volcanoes. P and S arrival times were obtained from local
earthquakes recorded by theAlaska VolcanoObservatory. Rayleighwave dispersion
curves are derived from ambient noise measurements, and the gravity observations
were extracted from the global satellite-based model GGMplus. Although in this
case the spatial coverage of the body wave and ambient noise data largely overlap,
the joint inversion method is promising for application EarthScope TA data from
Alaska, where surface wave data from ambient noise throughout the region and
gravity data will complement the distribution of body wave arrival times from local
earthquakes.
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Preliminary results show that P- and S-wave velocities beneath Akutan are
generally reduced at depths shallower than 10 km, below which velocity recovery is
poor. TheP- and S-wave crustal structure beneathMakushin ismore heterogeneous,
with a complex pattern of positive and negative anomalies. Captains Bay pluton,
25 km east of the summit of Makushin, shows uniformly high P-wave velocities
in the upper 5 km of the crust. These models also highlight the sensitivities of
different data types to structure at different wavelengths. Fine-scale structure is
recovered by body waves in themost seismically active portions of themodel, where
the longer-period surface wave data are fit relatively poorly. Meanwhile, the surface
wave data are well fit by broad shallow velocity anomalies on the scale of several
tens of kilometers in largely aseismic areas of the model. Thus, the combination of
data types is crucial to establishing both the long- and short-wavelength features of
tomographic velocity models.

Using S Receiver Functions to Investigate Lithospheric and Crustal Structure
Below Alaska
ODRISCOLL, L. J.,UniversityofSouthernCalifornia,LosAngeles,CA, ljo.geo@
gmail.com; MILLER, M. S., University of Southern California, Los Angeles, CA,
msmiller@usc.edu

The past 15 years of seismic recordings in Alaska provide a wealth of data suitable
to map the depth of crustal and lithospheric interface structure within the North
American(NA)andPacificplates.AsEarthscope’sTransportableArraymoves to the
region, a complete view of seismic structure will emerge, yet we can already observe
previously undocumented features. Using the S receiver functionmethod that takes
advantage of teleseismic S-to-p wave conversions at seismic velocity contrasts, we
develop estimates ofMoho depths and lithosphere-asthenosphere boundary (LAB)
depths across Alaska.

We present receiver gather and a common conversion point (CCP) image
volume results to investigate structure that spans multiple tectonic provinces.
While the receiver gather approach averages over broad spatial regions (100’s
of kms), distinct domains are observed. CCP imaging improves the accuracy of
depth estimates of continuous 3D structure, and reveals a distinction between
the NA and Pacific lithospheric plates. From west to east along strike of the
eastern Aleutian subduction zone, the descending Pacific plate is imaged to
∼200 km below the western Alaska Range, variably resolved below the central
Alaska Range, and appears fragmented to the east at the slab’s edge. Strong LAB
conversions are present throughout the Yukon-Tanana terrane (100 125 km) and
Brooks Range provinces (140 160 km), providing strong contrast against the
weaker conversions below the Mesozoic and Cenozoic terranes to the south and
west.

Long-term accretionary tectonics and the geometric complexity of the
subducting Pacific (plus Yakutat) plate motivate this work. We seek to find a
relationship between lithospheric-scale boundaries and geologic provinces, and to
observe lateral variationswithin theYakutat-bearingportionof thePacific plate in an
effort to understand the relationship between slab edge geometry, recent orogenesis,
and theWrangell Volcanic Field.

WaveformModeling of Large Earthquakes of the Southern Fairbanks Seismic
Zone, Alaska (1929 1947)
DOSER, D. I., University of Texas at El Paso, El Paso, TX, doser@utep.edu

A series of 5 to 6 magnitude > 6 earthquakes occurred within the Northern
Foothills Fold and Thrust Belt (NFFTB) and southern Fairbanks Seismic Zone
(FSZ) between 1929 and 1947. Fletcher andChristensen (1996) studied the source
properties of the October 16, 1947 (M∼7.1) FSZ mainshock using teleseismic
body wave deconvolution techniques but were unable to obtain a well-constrained
focal mechanism for the event. First motion studies of the October 16 mainshock
(Wickens and Hodgson, 1967) suggest a northwest striking thrust or reverse fault,
a trend that does not match the strike of the FSZ orNFFTB or the strike of features
revealed by regional aeromagnetic and gravity data. A preliminary comparison of
bodywaveformsof the January 21, 1929, July 4, 1929,October 7, 1947, andOctober
20, 1947events indicate they appear to have similar focal mechanisms and depths
as the October 16 event. The October 20 and January 21 earthquakes also appear
to have similar magnitudes. An event on October 15 appears to be of smaller
magnitude since clear body waves are not observed at distances of ∼40◦ . Some
earthquake catalogs indicate the July 4, 1929 is larger inmagnitude than the January
21, 1929 event; however waveforms of the July 4 event are about 50% smaller
than the January 21 event. Earthquake relocations suggest the entire southern FSZ
extending from the NFFTB to ∼64.5◦N ruptured between 1929 and 1947 and
that the largest events may have nucleated near east-west trending magnetic highs.
Using body waveform data from additional seismograph stations I hope to refine
source models for the October 16 mainshock as well as other large events of this
sequence.

Seismic Moment Tensors in Southern Alaska Derived from Body Waves and
Surface Waves
SILWAL, V., University of Alaska, Fairbanks, AK, silwal@gi.alaska.edu; TAPE,
C., University of Alaska, Fairbanks, AK, carltape@gi.alaska.edu

We perform a grid search to estimate moment tensors with uncertainties for
earthquakes in southern Alaska, Mw> 3.5. The earthquakes are parameterized as
double couple mechanisms, such that our five inversion parameters comprise four
for the moment tensor (strike, dip, rake, Mw) and one for depth. The inversion
algorithm is based on the cut-and-paste method of Zhu and Helmberger (1996),
which attempts to fit synthetic and observed waveforms for body waves and surface
waves by using different bandpass filters and allowing for different time shifts
to account for unmodeled 3D structure. We perform detailed comparative tests
for 21 events, where we explore the effect of using an L1 norm or L2 norm on
the moment tensor solutions and on the uncertainty estimates. We quantify the
difference between double couplemoment tensor using the angle inmatrix space,ω.

For most earthquakes the misfit function in strike-dip-rake space is quite
smooth, which causes challenges for generating moment tensor samples of the
posterior probability density and for quantifying the uncertainty. We establish a
scaling of the misfit function such that it generates ‘reasonable’ posterior samples.
The ω distribution of posterior samples is used to quantify the uncertainty, Ω,
such that 95% of the posterior samples haveω<=Ω. Our uncertainty estimates are
considerably larger than those reported in the literature using the same moment
tensor algorithm. We have examined over 100 earthquakes in detail and have
prepared a moment tensor catalog for southern Alaska. We plan to use this catalog
for adjoint tomographic inversion in southern Alaska, following recent efforts in
southern California.

Earthquakes of the Minto Flats Seismic Zone, Central Alaska
KEYSON, L., University of Alaska Fairbanks, Geophysical Institute, Fairbanks,
AK, lkhutchinson@alaska.edu; SILWAL, V., University of Alaska Fairbanks,
Geophysical Institute, Fairbanks, AK, silwal@gi.alaska.edu; WEST, M.,
University of Alaska Fairbanks, Geophysical Institute, Fairbanks, AK, mewest@
alaska.edu; TAPE, C., University of Alaska Fairbanks, Geophysical Institute,
Fairbanks, AK, carltape@gi.alaska.edu

The Minto Flats Seismic Zone (MFSZ) is the most prominent seismic feature of
central Alaska north of the Denali Fault and one of the greatest seismic hazards
to Fairbanks. Interior Alaska is a region of broad, active deformation bounded by
the Denali Fault to the south and the Brooks Range to the north. Within this
region, there is a series of NNE-striking seismic zones. The Nenana Basin, a 7
km deep, active sedimentary basin, is aligned with one of those seismic zones:
the 200 km long MFSZ. This seismic zone contains the highest concentration
of deep (>15 km) crustal seismicity in central Alaska. Despite this, the region
is relatively unstudied; the three-dimensional fault structure and the relationship
between the active sedimentary basin and the subbasin faulting are unknown.Given
the proximity to Fairbanks, Alaska’s second largest city, it is important to gain a
better understanding of the driving processes and seismic hazard associatedwith the
MFSZ. Earthquake locationswithin the fault zone outline a relatively diffuse region
of seismicity. Part of the goal of this study is to produce a more defined image of the
fault structure through precise double difference relative relocations of the events.
The improved locations are then combined with focal mechanisms for the largest
events within five sections of the fault zone, derived using first-motion polarities,
body waves, and surface waves. These events reveal consistent left-lateral faulting
along the entire fault zone at depths between 10 and 25 km.We examine how deep
faulting is related to the ongoing development of the overlying Nenana basin.

Crustal Thickness beneath the Western United States from Virtual Deep
Seismic Sounding (VDSS)
YU, C. Q., EAPS,Massachusetts Institute of Technology, Cambridge,MA, yucq@
mit.edu; VANDERHILST, R. D., EAPS, Massachusetts Institute of Technology,
Cambridge, MA, hilst@mit.edu; CHEN, W. P., Ocean College, Zhejiang
University, Hangzhou, Zhejiang, China, wpchen@illinois.edu

The western United States has a complex tectonic history. Yet, the underlying
geodynamic processes are still subjects to debate. In this study, we apply the newly
developed virtual deep seismic sounding (VDSS)method to image the crust-mantle
interface beneath the western United States, taking advantage of the wide-coverage
USArray Transportable Array and much denser regional seismic arrays. VDSS has
several inherent advantages over traditional receiver functions and active source
seismic reflections and refractions. First, VDSS mainly focuses on the prominent,
post-critical reflection, SsPmp, which can be as large as the direct S phase. To this
end, one high-quality event is usually enough to image the crust-mantle boundary.
Second, VDSS is less sensitive to near-surface structures, e.g. sedimentary cover, as
the primary SsPmp phase is strong enough to overcome such signal-generated noise.
Thirdly, when the crust-mantle boundary is gradational in nature, the SsPmp phase
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still provides a robust estimate of an average crustal thickness, because post-critical
reflection is insensitive to details of the reflector.

Results from this study reveal several distinct features of crustal structures
in the western United States. We find significant crustal reworking along the
Yellowstone - Snake River Plains system, the High Lava Plains, and the transition
zonebetween theGreatBasins and theColoradoPlateau. Interestingly, these regions
are all characterized by active late Cenozoic magmatic volcanism. In contrast, The
Wyoming craton is underlain by a rather thick crust, consistent with its longevity
and high elevation. Although the Colorado Plateau is underlain by a thick crust
within its interior, its edges, especially the western and southern parts, turn out to
be encroached and thinned.

TheWyomingProvinceand the LlanoProvince:ATaleof TwoProto-continents
PORRITT, R.W., Univ. Southern California, Los Angeles, CA, rporritt@usc.
edu; ALLEN, R. M., Univ. California Berkeley, Berkeley, CA, rallen@berkeley.
edu; POLLITZ, F. F., USGS Menlo Park, Menlo Park, CA, fpollitz@usgs.gov;
MILLER, M. S., Univ. Southern California, Los Angeles, CA,msmiller@usc.edu

USArray has facilitated significant advancement in tomographic models and
methodologies. While there persists a fundamental tradeoff between horizontal
and vertical resolution due to the components of the wave train analyzed, advances
in joint inversions are continuing to refine the tomographic images generated with
USArray. TheDNA13model incorporates teleseismic P observations, independent
SH and SV observations, and surface-wave phase velocities from both teleseismic
earthquakes and ambient noise to constrain the relative wave-speed from the crust
down into the lowermantle.We address the validity of ourmodels through forward
prediction of observables and compare the predictive power of the DNA13models
to other models. In the shallow portion of DNA13, we image the Archean age
Wyoming Province, which exhibits evidence of ocean closure at its northern and
southern ends. The Llano Province in Central Texas is of Grenville age and still
contains lithospheric evidence of subduction as the province accreted to North
America. Comparison of these two provinces highlights the role of fossil slabs
as part of the cratonic architecture. Analysis of the deep portion of the models
highlights variations within the Farallon plate, including two distinct high wave-
speed anomalies in the eastern U.S. and a shallow feature in the center of these two
anomalies. We propose this is evidence of an oceanic plateau, which provides the
necessary positive buoyancy to promote flat-slab subduction of the Farallon plate.

Application of Advanced Multivariate Inversion Techniques to the
Western US
MACEIRA, M., Los Alamos National Laboratory, Los Alamos, NM,mmaceira@
lanl.gov; AMMON, C. J., The Pennsylvania State University, State College, PA,
cja12@psu.edu; CHAI, C., The Pennsylvania State University, State College, PA,
cxc754@psu.edu; HERRMANN, R. B., Saint Louis University, Saint Louis, MO,
rbh@eas.slu.edu

Western USA is an ideal location to test advanced multivariate imaging techniques
due to excellent data density provided by the USArray. We simultaneously invert
surface-wave dispersion, receiver functions, and gravity anomalies to determine the
structure of the crust and upper mantle of the western US. Specifically, our target
region spans latitudes from 27 to 54 degrees North and longitudes from 90 to
130 degrees West. Rayleigh and Love surface-wave dispersion data between 5 and
150 seconds come from multiple filter analysis of regional earthquakes. Receiver
functions come from the EarthScope Automated Receiver system, and are stacked
to produce an average model for each cell in our parameterized region. The gravity
observations are extracted from the global EGM2008 model. Our starting model
is comprised of an oceanic PREM model west of the Pacific coast, a western US
model between that and the eastern front of theRockyMountains, and a continental
PREMmodel east of theRockyMountain Front. The addition of receiver functions
produces sharper boundaries for the observed crustal anomalies. The addition
of gravity produces subtle changes to the final model. Our inversion offers a nice
compromisebetweenfittingthethreedifferentdatasetsandsimultaneously reducing
RMSresiduals for all.Our final results are consistentwithnumerousprevious studies
in the region. In general, the craton exhibits higher velocities than the tectonically
active regions to its west. We see high mid-crustal velocities under the Snake River
Plain and theColoradoPlateau. In the lower crustwe observe lowest velocities in the
western Basin and Range and under the ColoradoMineral Belt. At 80km depth we
see broad lowvelocities fanningout fromtheSnakeRiverPlain likely associatedwith
the mantle plume feeding Yellowstone Caldera. Additionally we see high and low
velocity anomalies along the west coast that reflect ongoing subduction processes
beneath the western US.

Arc Structure around Mount Rainier From the Joint Inversion of Receiver
Functions and Seismic Noise
OBREBSKI, M., Columbia University, LDEO, New York, NY, obrebski@ldeo.
columbia.edu; ABERS, G., Columbia University, LDEO, New York, NY, abers@

ldeo.columbia.edu; FOSTER, A., Columbia University, LDEO, New York, NY,
afoster@ldeo.columbia.edu

The amount and modes of magma transfer from the mantle to the crust along
volcanic arcs is poorly understood. To better understand deep arc compositional
variations, we analyze the shear wave velocity (Vs) distribution in the crust and
uppermost mantle for a set of broad-band stations within 35 km ofMount Rainier,
WA, in the Cascades arc. We resolve the depth of the main velocity contrasts
using receiver function (RF) analysis. To alleviate the trade-off between depth and
velocity intrinsic to RF analysis, we jointly invert them with dispersion constraints
from earthquake surface waves (period 20 100 s) and ambient noise (5 20s).
A transdimensional Bayesian scheme explores the model space (Vs in each layer,
number of interfaces and their respective depths), minimizing the number of layers
required to fit the observations given their noise level. Sites away from the forearc
trend exhibit a middle-to-lower crust with Vs=3.6 km/s, presumably composed of
continent-derived sedimentary rocks from thePugetGroup.TheMoho is sharp and
the uppermost mantle has Vs=4.3 km/s, consistent with dry peridotite. In contrast,
stations on the arc trend exhibit a rather fast crust over a slow mantle, yielding a
weak Moho. We interpret these sites as magmatically modified. Their distribution
correlateswiththeSouthernWashingtonCascadesConductor(SWCC)interpreted
as partially melted mid-crust. The fast middle-to-lower crust (3.8 4.0 km/s) below
the SWCC is consistentwithmafic composition, presumably resulting frommagma
intrusion or chemical differentiation, either in the modern arc or its predecessor. A
partiallymeltedperidotite canaccount for the slowvelocity in theuppermostmantle
(4.0 4.2 km/s). This agrees with recent observation of large conductor connecting
the SWCC to the top of the subducting slab below Mt Rainier, interpreted as flux
melting fed by the slab dehydration.

AJoint Local, Regional and Teleseismic TomographyStudy of theNewMadrid
Seismic Zone
NYAMWANDHA, C. A., Center for Earthquake Research and Information
U of Memphis, Memphis, TN, cnymwndh@memphis.edu; POWELL, C. A.,
Center for Earthquake Research and Information U ofMemphis, Memphis, TN,
capowell@memphis.edu; LANGSTON, C. A., Center for Earthquake Research
and Information U of Memphis, Memphis, TN, clangstn@memphis.edu

We present new crust and upper mantle 3-D velocity models for the New
Madrid seismic zone (NMSZ). The NMSZ is one of the most studied intraplate
earthquake zones and, owing to the potential and risk of damaging earthquakes, it
is worthwhile to study velocity structure and seismicity in the region. Previous
studies of this area using different datasets, inversion methods, resolution and
interpretation have provided insight into the velocity structure in this region.
This study incorporates a large dataset from three networks The Cooperative
New Madrid Seismic Network (CNMSN) operated by Center for Earthquake
Research and Information (CERI), the Earthscope transportable array (TA) and
theFlexArray(FA)NorthernEmbaymentLithosphericExperiment(NELE)project
stations to aid in constructing the most detailed velocity images for theNMSZ to
date.

NELE is a lithospheric-scale passive array experiment in the northern
Mississippi embayment composed of 6-month deployments of 6 FA stations to
fill in the TA grid stations over a period of two years (September 2011 to
October 2013) as well as a two-year deployment ( July 2013 to June 2015) of
51 broadband seismometers along three profiles with an average station spacing of
20 km. Preliminary work involves the use of data from the FA, TA and CNMSN
stations beginning September 2011 to present. The teleseismic body wave arrival
times aremeasuredusing anAutomated and InteractiveMeasurement ofBodyWave
ArrivalTimes (AIMBAT)package (Louet al., 2012).Todate, 137 teleseismic events
with magnitude Mw≥ 5.5 recorded by 121 stations have been analyzed yielding a
total of 8,574 high-quality P and Swave travel-time residuals. The tomography code
TOMOG3D(DapengZhao, 1992),which is designed touse arrival times from local
and regional earthquakes and travel time residuals from teleseismic earthquakes is
used to derive 3-D P and S wave velocity models for the crust and the upper mantle
of this area.

Joint Inversion for Kilauea Volcano with an Edge-Preserving Constraint
LIN, Y., Los Alamos National Laboratory, Los Alamos, NM, ylin@lanl.gov;
SYRACUSE, E., Los Alamos National Laboratory, Los Alamos, NM, syracuse@
lanl.gov; MACEIRA, M., Los Alamos National Laboratory, Los Alamos, NM,
mmaceira@lanl.gov;LARMAT,C.,LosAlamosNationalLaboratory,LosAlamos,
NM, carene@lanl.gov; ZHANG, H., University of Science and Technology of
China, Hefei, Anhui, China, zhang11@ustc.edu.cn

One of the recurring challenges in seismic imaging using different datasets is to find
the proper compromise between the different resolutions provided by each dataset.
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For example, surface wave data result in smooth models when receiver functions
are used to constrain the sharp transitions of the layered structure. We introduce
a new total-variation-based regularizer, the Edge-Preserving Constraint, with the
ultimate goal of using it for a joint inversion using surface waves, travel-times, and
gravity data. The regularizer penalizes noise and artifacts during the inversion while
preserving the structural information, and therefore provides blocky models. Our
area of application is Kilauea Volcano because of its dense station distribution, and
we create a synthetic model by applying an artificial sharp velocity contrast to the
area. We develop a numerical algorithm for solving the joint inversion problem
with the Edge-Preserving Constraint.We use the developed algorithm on synthetic
body-wave travel time data. We compare the results from the newly developed
method to conventional body wave tomography with a L2-norm-based damping
regularizer, which illustrates the merits of our algorithm. The developed inversion
improves the velocity and spatial resolution of the tomography. In comparison
with conventional body wave tomography, our method much better preserves
the structural information in the resulting tomography, thus yielding sharper
reconstructed models.

LowWaveSpeed Zones in theCrust beneath theSE Tibet Revealed byAmbient
Noise Adjoint Tomography
CHEN,M., Rice University, Houston, TX, min.chen@rice.edu; HUANG, H.,
Massachusetts Institute of Technology, Cambridge,MA; VANDERHILST, R.D.,
Massachusetts Institute of Technology, Cambridge, MA; NIU, F., Rice University,
Houston, TX

Wepresent a refined 3Dcrustalmodel beneath SETibet fromambient noise adjoint
tomography. Different from ray-theory-based tomography, adjoint tomography in
this study incorporates a spectral-element method (SEM) and takes empirical
Green’s functions (EGFs) of Rayleigh waves from ambient noise interferometry
as the direct observation. The frequency-dependent traveltime misfits between
SEM synthetic Green’s functions and EGFs are minimized with a preconditioned
conjugate gradient method, meanwhile the 3D model gets improved iteratively
utilizing 3D finite-frequency kernels. The new model shows 3 6% shear wave
speed increasing beneath the western Sichuan Basin (SCB) (depth>15 km) and the
central Chuan-Dian Block (CDB), and 6 12% shear wave speed reduction in the
mid-lower crust beneath the northern and the southern CDB. The inferred spatial
pattern of low wave speed zones, consistent with possible partial melt, suggests
more complex and disconnected geometry than the pervasive narrow zone from the
channel flow models.

Which Receiver Function Features Warrant Geological Interpretation?
LEKIC, V., University of Maryland, College Park, MD, ved@umd.edu; KOLB, J.
M., CREWES University of Calgary, Calgary, AB, Canada, jkolb1@terpmail.
umd.edu

Teleseismic waves can convert from shear to compressional (Sp) or compressional
to shear (Ps) across impedance contrasts in the subsurface. These conversions
are typically analyzed by deconvolving the parent waveforms from the daughter
waveforms to obtain a receiver function that is independent of source-side
effects. Several deconvolution techniques have been developed to obtain stable
receiver functions in the presence of noise and spectral holes. Sp studies have
been especially useful for probing lithospheric structure, since they do not
suffer from overprinting of deep signals by shallow-layer multiples. However,
their high noise levels motivate the question of which structures are robustly
constrained.

To better account for the unknown noise characteristics, we present amethod
based on transdimensional hierarchical Bayesian inference in which both the noise
magnitude and noise spectral character are estimated. We use a reversible-jump
implementation of a Markov chain Monte Carlo (rjMCMC) algorithm to find
an ensemble of receiver functions that best fit the data while simultaneously
inferring the values of the noise parameters. We show that parameterizations
typically used to represent noise covariance matrices are suboptimal and propose
an alternate parameterization that successfully approximates observed noise
characteristics.

We validate the algorithm on actual data as well as synthetic waveforms
contaminated with realistic noise. We show that the method retrieves easily
interpretable receiver functions even in the presence of high noise levels. We
also show that we can obtain useful estimates of noise amplitude and frequency
content. Analysis of the ensemble solutions produced by our method can be used
to quantify the uncertainties associated with individual receiver functions as well as
with individual features within them, providing an objectiveway for decidingwhich
features warrant geological interpretation.

Topics in Seismology: Hazards
Poster Session ·Thursday · 1May ·Cook/Arteaga

3-D Dynamic Analysis of Precariously Balanced Rocks Under Earthquake
Excitation
VEERARAGHAVAN, S., California Institute of Technology, Pasadena, CA,
sveerara@caltech.edu; KRISHNAN, S., California Institute of Technology,
Pasadena, CA, krishnan@caltech.edu

Analyzing the toppling behavior of precariously balanced rocks (PBR) can provide
limits on the largest groundmotions (of the type that the rocks are sensitive to) that
could have occurred at the rock sites in the time that they have been precarious.We
arecreating3-DmodelsofPBRswhichare imagedusingTerrestrialLaser scanningor
photogrammetry techniques. The response of these models to earthquake ground
motion is obtained using rigid body dynamics. The rock and the pedestal are
considered as separate rigid bodies and the non-penetration constraint between
the rock and pedestal is modeled using normal and frictional contact forces. As a
proof of concept, we analyzed the 3-D model of Echo cliff PBR located in western
Santa Monica Mountains. We used idealized square acceleration pulse (resulting in
sawtooth velocity pulse) with varying peak ground acceleration(PGA), time period
(T) and number of pulses(n) to characterize the type of groundmotion required to
topple the rock. We observed that PGA and T are the best indicators of toppling.
The PGA required for the rock to start moving changes with the direction of
loading and theminimumPGArequired tomove the rock in any direction is at least
1.75 m/s2. The PGA required to topple the rock decreases as the time period of
the ground motion pulse increases. For example, the approximate PGA required to
topple the rock is 22m/s2 forT=1.5 sec and 3.5m/s2 forT=3 sec.We are analyzing
the response of the rock to the actual ground motion records used by Purvance et
al 2012 to establish the veracity of using idealized ground motions for estimating
the response of the rock. We are in the process of creating models and performing
similar analyses on several PBRs in Southern California to help improve seismic
hazard maps and also to validate ground motion simulations.

Performance of the North Anna Nuclear Power Plant during the 2011Mineral,
Virginia, Earthquake A Regulatory Perspective
LI, Y., US Nuclear Regulatory Commission, Rockville, MD, yong.li@nrc.gov;
STIREWALT, G. L., US Nuclear Regulatory Commission, MANOLY, K. A., US
Nuclear Regulatory Commission,

TheNorthAnnaNuclear Power Station (NANPS) comprises of two nuclear power
reactors that began operation in 1978 and 1980. This facility, located about 22 km
northeast of the epicenterof themoderate (Mw=5.8)2011Mineral earthquake,was
the first ever commercial nuclear power facility in the United States to experience a
safe shutdown as a result of earthquake-induced groundmotion.Although duration
of the ground motion was relatively short (i.e., 2 to 4 seconds at different elevation
levels in the facility), response spectra developed from recorded ground motions at
the reactor containmentbasemat showedamodest exceedanceof theSafe Shutdown
Earthquake criteria in both the vertical and north-south horizontal directions.
However, safety-related structures, systems and components (SSCs) were not
damaged, maintaining their functionality. Only minor damage of some non-safety-
related ancillary structureswas observed (e.g., wall cracks andminor displacement of
dry storage spent fuel casks). This, in combining with other worldwide earthquake
experience, demonstrated that nuclear power plants generally performwell given the
exceedance of SSE groundmotion they experienced. In addition, field investigations
performedby theutility and independent researchers and fieldobservationsmadeby
NRCstaff didnot identify a causative surface fault related to theMineral earthquake
either at or immediately adjacent to theplant site.Assessing the existenceof a capable
tectonic structure at the NANPS nuclear units 1 and 2, using the term ‘capable
fault’ as historically defined was an important part of the deterministic assessment
of geologic and seismic criteria at the time the site characterization was conducted
for the two units at the NANPS. Therefore, the initial conclusion that no capable
tectonic structures existed at the site remained valid.

The Impact of the L’Aquila Trial on the Scientific Community, An Update
BRAUN, T., Istituto Nazionale di Geofisica e Vulcanologia, Arezzo, Italy, thomas.
braun@ingv.it; AMATO, A., Istituto Nazionale di Geofisica e Vulcanologia,
Rome, Italy, alessandro.amato@ingv.it; COCCO, M., Istituto Nazionale di
Geofisica e Vulcanologia, Rome, Italy,massimo.cocco@ingv.it; CULTRERA,G.,
Istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy, giovanna.cultrera@
ingv.it; GALADINI, F., Istituto Nazionale di Geofisica e Vulcanologia, Rome,
L’Aquila, Italy, fabrizio.galadini@ingv.it; MARGHERITI, L., IstitutoNazionale
di Geofisica e Vulcanologia, Rome, Italy, lucia.margheriti@ingv.it; NOSTRO,
C., Istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy, concetta.nostro@
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ingv.it; PANTOSTI, D., Istituto Nazionale di Geofisica e Vulcanologia, Rome,
Italy, daniela.pantosti@ingv.it; BONACCORSO, A., Catania; DEMARTIN,
M., Rome; MARCO DE MARTINI, P., Rome; DI STEFANO, R., Rome;
HUNSTAD, I., Rome;MARZOCCHI,W.,Rome;MELETTI,C., Pisa; PACOR,
F., Milano; PONDRELLI, S., Bologna; QUARENI, F., Bologna; SELVAGGI, G.,
Rome; TODESCO,M., Bologna, Istituto Nazionale di Geofisica e Vulcanologia

In October 2012, the court of L’Aquila (Italy) sentenced seven experts to six years
of jail and ordered them to pay several million Euros in damages to the families of
some of the people killed by theMw6.3 earthquake onApril 6, 2009. Six days before
the occurrence of the devastating main shock, the convicted experts participated in
a meeting of the National Commission for Forecasting and Predicting Great Risks
(CGR) held at L’Aquila.

As already reported at the SSA-meeting 2013, this verdict has a tremendous
impact on the scientific community as well as on the manner scientists deliver their
expert opinions to decisionmakers and the society. The aim of the present talk is to
give an update on the events related to the trial, that occurred in the past year:

1) After the release of the document describing the court motivations (more
than 900 pages), our working group started to contact sociologists, communication
experts, jurists and scientists in Geosciences and other disciplines. The aim was to
study similar cases, also related to other scientific fields, and to prepare a rebuttal of
the weak points in the sentence.

2) TheDepartment of Civil Protection (DCP) financed a research project on
short term earthquake precursors.

3)Theprosecutor impeached the formerDCP-chief (Bertolaso) claiming that
he had been the instigator of a (so-called) ’media operation’ with the intention of
reassuring the population. After hearing the witnesses the same prosecutor recently
requested a dismissal of Bertolaso.

4) Last but not least, during 2013, more than 21300 earthquakes occurred in
Italy, 70% of them were part of seismic sequences, including 265 M>=3 and 27
M>=4, and no CGR-meeting as the one held in 2009 at L’Aquila was arranged.

Waiting for the beginning of the Court of Appeals we are trying to find any
possible way to support our colleagues. Documents, articles and comments about
the trial are collected at http://processoaquila.wordpress.com/.

Using Fragile Geologic Features to Place Constraints on Long Term Seismic
Hazard
STIRLING,M.W.,GNSScience,LowerHutt,NewZealand,m.stirling@gns.cri.
nz; ROOD,D.H., ScottishUniversities Environmental Research Centre, Glasgow,
Scotland, drood@eri.ucsb.edu; BARRELL, D., GNS Science, Dunedin, New
Zealand, d.barrell@gns.cri.nz

Marginally-stable rock outcrops and precariously-balanced rocks are collectively
termed ‘fragile geologic features’ (FGFs) and have potential utility for seismic
hazard assessment. Establishing the date at which the feature became fragile, usually
resulting from irregular erosivewasting of the outcrop, and estimating the amount of
seismic shaking necessary to induce its failure, indicates the minimum time elapsed
since those shaking conditions were last attained. Key to FGF studies has been the
development and ongoing improvements in accuracy of surface exposure dating
of rock outcrops using cosmogenic nuclides such as 10Be. A field-based review of
previously studied and dated FGF sites in southern California is being undertaken
under the auspices of the Southern California Earthquake Centre (SCEC) and
is showing that there is a distribution of fragilities across the FGFs. In contrast,
previous studies tended to highlight themost fragile FGFs. An emerging view is that
constraints on long term seismic hazard should be based on the more representative
fragilities observed, rather than relying on the most fragile features. Quartz-rich
schist tors in the dry climate and peneplain landscape of central Otago, New
Zealand are ideal for surface exposure dating, and FGFs are reasonably common
there. FGF studies underway in central Otago are aimed at establishing a range for
fragilities in order to provide defensible constraints on seismic hazard, and where
possible compare these results to data from other methods, such as trenching and
dating of earthquake fault-rupture events.

Defining the Usable Bandwidth for Response Spectra from Records with
Different Sampling Rates and Anti-aliasing Filters
GOULET, C. A., University of California, Berkeley, Berkeley, CA, goulet@
berkeley.edu; BOORE, D. M., US Geological Survey, Menlo Park, CA, boore@
usgs.gov

The pseudo-absolute response spectral acceleration (PSA), for response periods
from 0.01 to 10 s is the most commonly used intensity measure in ground-motion
prediction equations and engineering applications. PSAs are derived from recorded
groundmotionswhichhaveusuallybeenfilteredtoremovehighand lowfrequencies.
Here we are concerned with the removal of high frequencies through the use of
anti-aliasing filters. Potential errors on the short-period (high-frequency) response
spectral values are expected if the true ground motion has significant energy at

frequencies above that of the anti-aliasing filter. This is especially important for
areas where the instrumental sample rate and the associated anti-aliasing filter
corner frequency are low relative to the frequencies contained in the true ground
motions.This is amajor concern, for example, for records fromtheUSTransportable
Array, especially in the central and eastern United States. We present key results
froma recently completed study (Boore andGoulet, 2014) inwhich ground-motion
simulations were conducted to investigate these effects and to develop guidance for
defining the usable bandwidth for high-frequency PSA. The primary conclusion is
that if the ratio of the maximum Fourier acceleration spectrum (FAS) to the FAS
at a frequency fsaa corresponding to the start of the anti-aliasing filter is more
than about 10, then PSA for frequencies above fsaa should be little affected by the
anti-alias filter, because the ground-motion frequencies that control the response
spectra will be less than fsaa . We also briefly address the effect of the time series
interpolation method on the computed short period PSA and confirm previous
findings that sinc-function interpolation (equivalent to an interpolation in the
frequency domain) is preferred to the standard practice of using linear time domain
interpolation for the resampling.
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Analysis of High-Frequency Icequakes at a Marine-Terminating Glacier in
Greenland
VEITCH, S. A.,Lamont-DohertyEarthObservatory,Palisades,NY,veitch@ldeo.
columbia.edu;NETTLES,M.,Lamont-DohertyEarthObservatory,Palisades,NY,
nettles@ldeo.columbia.edu

Rapiddeformationof fast-movingglaciers leads totheemissionof seismicwaves from
sources internal to the glacier, at the interface between the glacier and the underlying
rock or till, and at the glacier’s terminus, over a wide-range of frequencies. Small,
high-frequency ‘‘icequakes’’ are the most abundant glacial seismic sources, and
provide information about glacier dynamics that complement flow data obtained
at the glacier’s surface using geodetic and remote-sensing methods. At Greenland’s
large outlet glaciers, long-period signals produced by ‘‘glacial earthquakes’’ during
major calving events have been studied systematically. However, little is known
about the high-frequency seismic sources within and just beneath these glaciers.
We deployed a temporary array of six intermediate-period seismometers around
HelheimGlacier in East Greenland with a sampling rate of 100 sps, complemented
by a longer-operating broadband station sampling at 20 sps. Helheim Glacier is
Greenland’s third-largest outlet glacier, and our seven-week dataset contains tens
of thousands of icequake signals. We analyze these signals to obtain timing and
location information of discrete events, and to consider the relationship between
glacier seismicity and other observable glacier-dynamic changes, and we apply our
results to better understand the role of brittle deformation in the dynamics of
these very large Greenland outlet glaciers. As fast-flowing glaciers such as Helheim
Glacier are a primarymeans ofmass-loss for theGreenland Ice Sheet, understanding
their dynamics is an important part of the study of ongoing changes in the
Arctic.

The Response of Elastic Systems in the Earth to Dynamic Perturbations
DELOREY, A. A., Los Alamos National Laboratory, Los Alamos, NM, andrew.a.
delorey@gmail.com; CHAO,K.,University ofTokyo,Tokyo, Japan, kevinchao@
gmail.com; UCHIDA, N., Tohoku University, Sendai, Japan, uchida@aob.gp.
tohoku.ac.jp;OBARA,K.,UniversityofTokyo,Tokyo, Japan,obara@eri.u-tokyo.
ac.jp; JOHNSON,P.A., LosAlamosNational Laboratory, LosAlamos,NM,paj@
lanl.gov

Seismicwaveshavebeenobservedtoperturb theelasticpropertiesof thecrust atgreat
distances from the hypocenter. These changes in elastic properties can be observed
directly through seismic wave speeds or indirectly by observing changes in the rate
and character of seismic emissions and aseismic processes like slow slip, changes in
pore pressures, and changes in the packing of granular materials. Characterizing
temporal variations in elastic properties is an emerging area of research with
important implications for earthquakenucleationprocesses, earthquake forecasting,
and seismic hazards.Herewe show that by combining an earthquake catalog analysis
with additional observations on temporal and spatial changes in microseismicity,
seismic velocities, slip rates, and repeating earthquakeswe can observe the signatures
of dynamically induced changes in elastic properties in the southern part of the
aftershock zone of the 2011 M9.0 Tohoku-Oki earthquake (TOE) following the
2012M8.6 Indian Ocean earthquake (IOE). In the days following the IOE, several
clusters of seismicity in the shallow accretionary wedge are initiated along a north
to south trend over 150 km distance, which coincides with a change in behavior of
repeating earthquakes on the plate interface and changes in seismic velocities in the
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shallow crust onshore. These observations are unique in the post-TOE period and
are signatures of a dynamically perturbed elastic system.

Thermal Aging of the Oceanic Asthenosphere
PAULSON, E. M., University of Southern California, Los Angeles, CA,
empaulso@usc.edu; JORDAN, T. H., University of Southern California, Los
Angeles, CA, tjordan@usc.edu

Weinvestigate thedepth extent ofmantle thermal agingbeneathoceans by averaging
S-velocity variations from an ensemble of global tomographic models over equal
increments in the square-root of crustal age.Vertical S travel times fromthesemodels
correlate linearly with the square-root of age across the entire age range, consistent
with a half-space cooling model. Using recently published techniques ( Jordan &
Paulson, JGR 2013), we estimate convergence depths where the age variations
become statistically insignificant. We account for the aleatory variability in the S-
wave averages using angular correlation functions of the individual tomographic
models, correct the convergence depths for vertical-smearing bias using radial
correlation functions, and account for epistemic uncertainties through Bayesian
model averaging. With 90% confidence, age-correlated variations in S velocities
persist to depths greater than 170 km, more than 100 km below the mean depth of
the G discontinuity (∼70 km). Given the strong evidence that the G discontinuity
approximates the lithosphere-asthenosphere boundary beneath ocean basins, we
conclude that the upper, weakest part of the oceanic asthenosphere, participates
in the cooling that forms the kinematic plates. We do not discount the possibility
that small-scale convection creates heterogeneities in the oceanic upper mantle;
however, the large-scale flow evidently advects these small-scale heterogeneities
along with the plates, allowing the upper part of the asthenosphere to continue
cooling with lithospheric age. The dominance of this large-scale horizontal flow
may be related to the high stresses associated with channelization in a thin (∼100
km) asthenosphere, aswell as focusingof the subtectospheric strain in a low-viscosity
channel immediately above the 410-km discontinuity.

Icequakes Triggered by Surface Waves From Large Teleseismic Earthquakes
PENG, Z., Georgia Institute of Technology, Atlanta, GA, zpeng.seismo@gmail.
com; WALTER, J. I., University of Texas, Austin, TX, jakeiwalter@gmail.
com; ASTER, R., Colorado State University, Fort Collins, CO, Rick.Aster@
colostate.edu; NYBLADE, A., Pennsylvania State University, University Park,
PA, aan2@psu.edu; WIENS, D., Washington University, St Louis, MO, doug@
wustl.edu; ANANDAKRISHNAN, S., Pennsylvania State University, University
Park, PA, sak@essc.psu.edu

Passing seismic waves from distant, large earthquakes are known to nearly
instantaneously trigger shallow microearthquakes and deep tectonic tremor.
Remotely triggered seismic activity has been predominantly reported in tectonically
active regions, and is generally attributed to shear failure on critically stressed fault
planes.Herewenote thediscoveryof anewkindofhigh-frequencycryoseismicevent
that is triggered by teleseismic surfacewaves. In this case we examine small icequakes
in Antarctica triggered by the 2010Mw 8.8 Maule, Chile earthquake. Unlike shear
sources observed elsewhere that are triggered by both Love and Rayleigh surface
waves, these events are principally associated with Rayleigh waves. Locations are
difficult to ascertain due to sparse network coverage and small event size, but
some triggered signals are dispersive and have large Rayleigh wave components, and
hence are likely associated with near-surface sources producing appreciable short
period surface wave energy. Although we cannot constrain source mechanisms, the
observations are consistent with tensile or other fracturing of near-surface ice as a
result of volumetric strain changes incurred during the passage of high-amplitude
Rayleigh waves. We are in the process of searching for similar evidence of triggered
icequakes in other regions. Further studyof this phenomenonmay yield information
regarding the critical stress state of some dynamic glacier features.

Observations of Seismic Whistlers in USArray
YOUNG, B. A., CERI / The University of Memphis, Memphis, TN,
bayoung6@memphis.edu; LANGSTON, C. A., CERI / The University of
Memphis, Memphis, TN, clangstn@memphis.edu

Unusual seismic signals in several Transportable Array (TA) stations in the Central
USareobserved.These signalsbear a superficial resemblance todownward-sweeping
VLF electromagnetic waves spawned by lightning called ‘‘whistlers.’’ Although not
likely related to their electromagnetic cousins, these ‘‘seismicwhistlers’’are primarily
seen in two distinct categories: low frequency and high frequency. Low frequency
seismic whistlers are typically seen from 3 to 7 Hz over a period of about five
minutes and showamulti harmonicdownsweeping signal followed12 to15minutes
thereafter by anupsweeping signalwith similar harmonics.These coincidewith long
periods (tens of minutes to over an hour) of continuous low-frequency signal with
multiple harmonics. The continuity of this signal over time is suggestive of a nearby

man-made source. High frequency seismic whistlers are rarer, however, and they are
typically observed in a frequency band from20 to 15Hzover a time period of one or
twominutes. Like electromagnetic whistlers, these consist of a single downsweeping
harmonic. Though the source of these signals is unknown, we attempt to determine
when and where these signals are observed in the seismic data and, when available,
barometric and infrasound data. Because strong seismic whistler signals were seen
prior to the May 22, 2011 EF-5 Joplin tornado, we also investigate whether there
is a link with other storm systems near TA sites. Audio renditions of the data were
used to help identify seismic whistlers and will be available at the presentation.

Permeability Evaluation According to Complex Precision Observations
BESEDINA, A. N., Institute of Geosphere Dynamics of Russian Academy
of Sciences, Moscow, Russian Federation, besedina.a@gmail.com;
VINOGRADOV, E. A., Institute of Geosphere Dynamics of Russian Academy of
Sciences, Moscow, Russian Federation, gian.vin@gmail.com; GORBUNOVA,
E. M., Institute of Geosphere Dynamics of Russian Academy of Sciences, Moscow,
Russian Federation, emgorbunova@bk.ru; KABYCHENKO, N. V., Institute
of Geosphere Dynamics of Russian Academy of Sciences, Moscow, Russian
Federation, n.kabychenko@mail.ru

Recently, in seismically active regions researchers focus on the analysis of the
influence of external and internal factors on the stress-strain state of massif. In
particular, the recorded data of the earth tides in seismic and hydrogeological series
areused toestimate reservoirpermeability thatmaychangedue toearthquakes.Tidal
components subjects to the annual periodicity. For semidiurnal waves maximum
values of the ground velocity and underground water level are traced in March and
September and minimum values in June and December.

Simultaneous observations of the underground water level in the well and
microseismic noise have been carried out for the last six years at the territory of
the geophysical observatory of the Institute of Geosphere Dynamics. Application
of an original technique allowed to determine the range of annual variations of
the semidiurnal and diurnal tidal components in the ground displacement and
underground water level, to estimate the amplitude factor and phase shift. The
obtained data are used to evaluate the reservoir permeability of fractured-porous
type with account for peculiar properties of the formation of hydrogeological
environment.

To extract the informative intervals associated with a downward and restore
the piezometric surface pre-filtering hydrogeological data on the influence of
atmospheric pressure was performed. For each interval phase portrait between
the ground displacement and underground water level was considered. It was found
that the range of variations of the phase shift is changed every year from 5 to 14
degrees. It should be noted that intervals with increase of the groundwater level
correspond to the lower values of phase shift as compared with segments with water
level drop at the same values of filtration velocity.
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Properties of the Subduction System in Mexico
KIM, Y., Seoul National University, Seoul, S. Korea, younghkim@snu.ac.kr;
CLAYTON, R. W., California Institute of Technology, Pasadena, CA, clay@
gps.caltech.edu

We exploit dense seismic data (MASE, 2007; VEOX, 2010) to better define the
subduction structurebeneathMexico.Our imagesprovide insight into theprocessof
subducting relatively young oceanic lithosphere and its complex geometry beneath
continentalNorthAmerica.The converted and reverberatedphase image for central
Mexico shows completehorizontal tectonicunderplatingof theCocosplatebeneath
the North American plate, with a clear image of a thin low-velocity oceanic crust
which dips at 15 20 degrees at Acapulco then flattens to approximately 300 km
from the trench. A low-pressure mineral phase such as talc is considered a prime
candidate for anomalously low shear speeds at the subducted (top) interface of the
Cocos plate. The evolution of this low-strength zone has important implications for
the dynamics of the slab-flattening process as well as the geochemistry of themantle
wedge and arc in central Mexico.

In southernMexico, there are several unusual surficial features that cannot be
explained by the subduction of the Cocos plate and low-relief relic fracture zone
known as the Tehuantepec Ridge. The dip of the Cocos plate is∼25 degrees based
on converted analysis, and the signature of the oceanic crust is absent beyond the
depth of ∼150 km. Our seismic images on the Isthmus of Tehuantepec show an
enigmatic seismic structure dipping south from the Gulf of Mexico. The images
argue that this structure represent a slab although standard models of Caribbean
tectonics do not support this observation.
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The Significance of the Yakutat Plate to the Alaska Orocline
REEDER, J. W., State of Alaska, Div. Geological & Geophysical Surveys, Retired,
Fairbanks, AK, jreeder@usgs.gov

The arcuate structures of major Alaskan faults such as the Denali are the bases
of Carey’s (1955) Alaska Orocline, which has attracted numerous models such
as rotation of blocks about a point (Coe, 1989; Plafker & Lahr, 1980; St. Amand,
1957), thenonrigidworldof escape tectonics (Redfield et al., 2007)& finite element
diffusion (Finzel et al., 2011), and the multiple bending of rigid layers like Grantz’s
(1966) megakinks or multiple thrust bending like Glen’s (2004) conveyor belts.
But, for all, the expected extensional and compressional structures on appropriate
arc sides (Schultz & Aydin, 1990) and rotated and/or arched structures (Csejtey,
1990) are mainly lacking. None explain the existence of the Copper River, Nenana
and Tanana basins. Another serious problem is the large offset disparities between
E andW of the curved fault systems (Lanphere, 1978; Miller et al., 2002). Why all
of these problems? It has been the lack of proper accounting for the subduction of
the Yakutat Plate into the Katmai, Cook Inlet, and Mount McKinley parts of the
Aleutian subduction zone. The Freymueller et al. (2008) ‘SouthernAlaska Rotating
Block’ should be replaced with the Yakutat Plate. This Plate would have a boundary
with the Bering Block at the Aleutian subduction zone. The Yakutat Plate is pulling
away from the Wrangell volcanic arc and Copper River basin as a spreading ridge
into the Cook Inlet part of the Aleutian subduction zone, with the Pacific Plate still
causing a Wrangell subduction zone (Stephens et al., 1984). The Totschunda and
Fairweather faults are the newwestward developingDenali transform. TheNenana
andTanana basins formed earlier in a similar fashion to how theCopper River basin
is now forming.TheYakutat Plate is forming at the expense of thePacific Plate and it
is transporting massWSW along its own transforms into the Aleutian subduction;
creating a more ‘steady state’ Alaska Orocline!

Seismicity in the Basin and Range Province of Sonora, México, near the
Rupture of the 3 May 1887 Mw 7.5 Earthquake, between 2003 and 2011
CASTRO, R. R., CICESE, Dep. Sismología, Ensenada, Baja California, México,
raul@cicese.mx

We studied the regional seismicity in the Basin and Range Province of Sonora,
México near the epicentral region of the 3 May 1887 Mw 7.5 earthquake. We
used body wave arrival times recorded by the local network RESNES (Red Sísmica
del Noreste de Sonora) and two regional broadband stations of the RESBAN
(Red Sismolígica de Banda Ancha del Golfo de California) network to locate the
seismic sourcesoriginatingbetween2008and2011.Wefirstdeterminedpreliminary
hypocenter coordinates with the program Hypoinverse (Klein, 2002) and then
relocated the initial coordinates with the source-specific station term method (Lin
and Shearer, 2005). We had used the same procedure in a previous study (Castro
et al., 2010) to locate the earthquakes originating in the same region between 2003
and 2007. We also present in this paper a depurated catalog of events recorded
from 2003 to 2011. Most relocated events cluster near the faults that ruptured
during the 1887 earthquake. Additionally, we document seismicity along Basin
and Range Province normal faults south of the 1887 rupture, such as the Villa
Hidalgo and Granados faults and the faults bounding the Bacadéhuachi basin.
The region of the largest population center, Hermosillo, appears to be seismically
quiescent. This observation is supported by a lack of entries in the catalog of the
InternationalSeismologicalCentre(ISC)ordocumentedhistorical seismicity inthat
area.

Seismic Studies of the Jalisco Block
ESCUDERO, C. R., Universidad de Guadalajara, Puerto Vallarta, Jalisco,
Mexico, escudero.sisvoc@gmail.com; NUÑEZ-CORNU, F. J., Universidad
de Guadalajara, Puerto Vallarta, Jalisco, Mexico; GOMEZ, A., Universidad de
Guadalajara, Puerto Vallarta, Jalisco, Mexico; GUITIERREZ, Q. J., Universidad
de Guadalajara, Puerto Vallarta, Jalisco, Mexico; PINZON, J. I., Universidad de
Guadalajara, Puerto Vallarta, Jalisco, Mexico; PEREZ, O. G., Universidad de
Guadalajara, Puerto Vallarta, Jalisco, Mexico; ROBLES, F. J., Universidad
de Guadalajara, Puerto Vallarta, Jalisco, Mexico; CORDOBA, D., Universidad
Complutense de Madrir, Madrid, España

Many societies and their economies endure the disastrous consequences of
destructive earthquakes. The Jalisco region at Mexico is exposing to this natural
hazard. Scientific knowledge constitutes the only way to avoid or at least to
mitigate the negative effects of such events. Accordingly the study of geological
and geophysical causes; structural, kinematics and dynamic characteristics; and
destructive effects of such events are indispensable. Seismology constitutes a very
important tool to study the structure as well as the earthquakes within the area;
in this way we are analyzing different data sets. We use seismic data recorded
from 2006 to 2008 by the Mapping the Riviera Subduction Zone (MARS) and

the Colima Volcano Deep Seismic Experiment (CODEX) deployed in western
Mexico. Additionally, we are analyzing data continually recorded by the Jalisco
Seismic Network (RESAJ). We are also deploying another seismic experiment to
characterize the seismic and tsunamic risk associated to the Rivera Plate and Jalisco
Block structure (TSUJAL). We present a description of these seismic experiment
as well as preliminary results that include seismicity maps, local and teleseismic
tomography as well as an analysis of this result and the plan for future research.

Revisiting the Uljin Sequence of April 2006
VANDEMARK, T. F., Air Force Technical Applications Center, Patrick Air
Force Base, FL, thomas.vandemark.1@us.af.mil; KIM, T. S., Korea Institute
of Geoscience and Mineral Resources, Daejeon City, ROK, tskim@kigam.re.kr;
KANG, I. B., Korea Institute of Geoscience and Mineral Resources, Daejeon City,
ROK, kang@kigam.re.kr

An earthquake sequence comprised of 10 reported events from the Korea Institute
of Geoscience and Mineral Resources (KIGAM) catalog occurred in April of
2006. The sequence was located off of the eastern coast of the Southern Korean
peninsula in the northwest corner of the Ulleung Basin. Due to the lack of a typical
mainshock-aftershock sequence the seismicity is characterized as swarm behavior
with magnitudes determined by KIGAM as ranging from ML 2.0 to 3.2 (Kang
and Shin, 2006). Observations from regional seismic data show that these events
are highly correlated. We employ a pseudo array correlation technique to detect an
additional 4 events not previously associated to the sequence. Further, we perform
relative relocations of the sequence’s events. This is accomplished by picking the
phase arrivals manually by aligning waveforms of the events at common stations.
The relative locations delineate two distinct parallel segments fromSWtoNE.This
result supports assertions regarding the fault geometry in the northwest Ulleung
Basin by previous researchers [Kang and Baag, 2004; Kang and Shin, 2006].

Analysis on Co-seismic Responses of Well Water Level and Water
Temperature in Ganshu Province to Wenchuan Ms8.0 Earthquake and Japan
Ms9.0 Earthquake
ZHANG, Z., Key Laboratory of Crustal Dynamics, Institute of Crustal
Dynamics, Beijing, China, zhangbin150006@163.com; WANG, W., University
of California, Berkeley, CA, chiyuen@berkeley.edu; LIU, L., Institute of Crustal
Dynamics, Beijing China, liuyw20080512@126.com

The two earthquakes ofWenchuan (8.0) occurred inMay 12, 2008 and Japan (9.0)
occurred in March 11, 2011 have significantly impacted on Chinese underground
fluid. An important example is the well water level and well water temperature in
Gansu province recorded the change during two earthquakes. The distance between
Wenchuan andGansu is short, which is about hundreds kilometers.However, Japan
is far fromGansu. It provided a good condition to study the response characteristics
of well water level and temperature in short and long epicentral distance. All the
observationsofwellwater level and temperature recordedobvious coseismic changes
during Wenchuan earthquake. There were only five obvious records of well water
level with Japan earthquake and the well water temperature did not record apparent
changes.

Comparative study find that there are many obvious differences of
characteristics coseismic effects of well water level stations and well water
temperature, which caused by Wenchuan Ms8.0 earthquake in 2008 and in 2009.
The majority of well water level and well water temperature records the coseismic
effect afterWenchuanearthquake,moreover, themagnitude is largeandtheduration
is long. On the contrary, only a little well water records the coseismic change after
Japan earthquake, which is effected by the epicentral distance and focal orientation,
Although the energy is evenmore released from Japan earthquake. There is obvious
coseismic change in the well water temperature after Japan earthquake. Well water
level in Gulang station records the change after the two earthquakes, however, the
variation after Japan earthquake than afterWenchuan Earthquake, which is worthy
of further study.

Seismicity of the Lau Basin as Viewed from Ocean-Bottom Seismometer and
Sound Channel Moored Hydrophone Arrays
BOHNENSTIEHL, D. R., North Carolina State University, Raleigh, NC;
DZIAK, R. P., Oregon State Universityand and NOAA-PMEL, Newport, OR;
CONDER, J., Southern Illinois University, Carbondale IL; MATSUMOTO, H.,
Oregon State Universityand and NOAA-PMEL, Newport, OR

Local seismicity within the Lau back-arc basin has been studied using two
complimentary technologies. Between January 2009 and April 2010, a broad
region centered on the Eastern Lau Spreading Center (ELSC) was monitored
using a network of five to six sound-channel-moored hydrophone stations to detect
earthquake-generated T-waves and volcano-acoustic signals. In total, more than

506 Seismological Research Letters Volume 85, Number 2 March/April 2014



60,000 seismo-acoustic origins have been detected using the hydroacoustic dataset.
Most occur outside of the array, and can be associated with submarine volcanoes
within the Tofua Arc. Between November 2009 and November 2010, fifty-one
broadband three-component ocean bottom seismometers (OBS) were deployed
within a smaller-aperture array along the central portion of the ELSC. More than
9,000microearthquakeswere locatedinthevicinityoftheELSCusingtheOBSarray.
Where the twodatasets overlap, a similarpictureofback-arc seismic activity emerges.
Earthquakes are clustered near overlapping spreading centers along the ELSC and
withina fewshort-durationswarmspositionedalongthespreadingaxis (near19.92S,
20.87S and 21.15S latitude). Larger earthquake swarms are concentrated off axis
on the eastern flank of the spreading center. The most persistent cluster of off-axis
activity is sustained for severalmonths and associatedwith a group of volcanic cones
located approximately halfway between the ELSC and the active Tofua volcanic arc
(20.58S, 175.98W). We interpret this activity to track active seamount formation
within the Tonga Plate.

DownholeSeismicMonitoring in the Istanbul/EasternSeaofMarmaraRegion:
Recent Results from the ICDP-GONAF Project
BOHNHOFF, M., GFZ Potsdam, Potsdam, Germany, bohnhoff@gfz-potsdam.
de; DRESEN, G., GFZ Potsdam, Potsdam, Germany, dre@gfz-potsdam.
de; BULUT, F., GFZ Potsdam, Potsdam, Germany, bulut@gfz-potsdam.
de; RAUB, C., GFZ Potsdam, Potsdam, Germany, craub@gfz-potsdam.de;
KILIC, T., AFAD, Ankara, Turkey, tugbay.kilic@afad.gov.tr; KARTAL, R. F.,
AFAD, Ankara, Turkey, recai.kartal@afad.gov.tr; KADIRIOGLU, F. T., AFAD,
Ankara, Turkey, filiztuba.kadirioglu@afad.gov.tr; NURLU,M., AFAD, Ankara,
Turkey, murat.nurlu@afad.gov.tr; MALIN, P.E., IESE, Auckland, New Zealand,
p.malin@auckland.ac.nz; ITO, H., Jamstec, Tokyo, Japan, hisaoito2001@
yahoo.co.jp

The North Anatolian Fault Zone (NAFZ) below the Sea of Marmara represents a
‘seismic gap’ where a major earthquake is expected to occur in the near future. The
Marmara segment of theNAFZ is located between the 1912Ganos and 1999 Izmit
ruptures and is the only segment that has not ruptured since 1766. The ICDP-
GONAF project (Geophysical Observatory at the North Anatolian Fault; www.
gonaf.de) involves the installation of a high-resolution borehole seismic observatory
at the NAFZ consisting of several 300m deep vertical boreholes in the broader
Istanbul / eastern Sea of Marmara region to monitor the Princes Islands segment at
the transition from the ‘seismic gap’ to the recent 1999 Izmit rupture. GONAF is
an international collaboration and co-funded by the International Continental
Scientific Drilling Programme (ICDP), GFZ Potsdam and the Disaster and
EmergencyManagement Presidency in Ankara/Turkey (AFAD). Further principal
partners are IESE/New Zealand, JAMSTEC/Japan, MIT and UNAVCO/both
US,. The principal scientific objective of GONAF is to study physical processes
acting before, during and after the expected M>7 earthquake along the Princes
Islands segment by long-term monitoring microseismic activity at significantly
reduced magnitude detection threshold and improved hypocentral resolution.
By the end of 2013 three GONAF boreholes were successfully implemented
and arrays of borehole seismometers were installed for permanent operation.
Vertical 1Hz seismometers at 75m spacing as well as several different 3-component
borehole seismometers at 300m depth are installed and are completed by a set
of surface sensors. The benefit of seismic waveforms recorded at depth in a low-
noise environment is shown and first results of microseismic activity along the
Princes Islands segment are presented and will be discussed in the seismotectonic
context.

An M 4.8 Earthquake in the Upper Mantle Beneath the Wind River Range,
Wyoming
PECHMANN, J. C., University of Utah, Salt Lake City, UT, pechmann@seis.
utah.edu; KOPER, K. D., University of Utah, Salt Lake City, UT, koper@seis.
utah.edu; HERRMANN, R. B., St. Louis University, St. Louis, MO, rbh@eas.
slu.edu; WHIDDEN, K. M., University of Utah, Salt Lake City, UT, whidden@
seis.utah.edu; BENZ, H. M., U.S. Geological Survey, Golden, CO, benz@usgs.
gov; PANKOW, K. L., University of Utah, Salt Lake City, UT, pankow@seis.
utah.edu; LIN, F., University of Utah, Salt Lake City, UT, fanchi.lin@utah.edu;
CHAPMAN, D. S., University of Utah, Salt Lake City, UT, david.chapman@
utah.edu

On Sept. 21, 2013, a rare continental-interior upper mantle earthquake of MW

4.8 occurred beneath the Wind River Range of western Wyoming at a depth of
70 85 km below the surface. This depth is well within the upper mantle, based on
published estimates of crustal thickness near the epicenter (43.0N, 109.1W)which
range from 40 50 km.Moment tensor inversions indicate strike-slip faulting with a
small reverse component, either left-lateral on anENE-striking plane or right-lateral
on a NW-striking plane. The only aftershock detected was an ML 2.8 event 2 hrs

after the mainshock. An empirical Green’s function analysis using mainshock and
aftershock records shows an apparent source duration for the mainshock of 0.52 s
with minimal azimuthal variation. Application of a circular source model gives a
source radius of 0.9 km and a stress drop of 100 130 bars.

The evidence for the depth of the Wind River earthquake includes: (1) four
moment tensor inversionsof long-periodwaveforms; (2) a regionalnetwork location
determined with 59 P and S arrival times from stations at epicentral distances of
45 460 km, with one at a distance of less than one focal depth; (3) a global network
location with 458 phase arrival times from stations between 0.4 and 148 deg,
including 78 pP and sP times; and (4) an apparent P-wave velocity of 12.6 km/s
observed on the 13-element Pinedale array, centered∼50 km SW of the epicenter.
The earthquake occurred on the NW edge of theWyoming craton, a high velocity
anomaly in the uppermantle located SE of the low uppermantle velocities along the
Yellowstone hot spot track. Another upper mantle earthquake (ML 3.8) occurred
on theWedge of this anomaly in 1979 at a depth of 80 90 km as reported byZandt
andRichins (1979).We suggest that both eventsmight be related to stresses, thermal
gradients, and/or fluid flow associated with interactions between the Yellowstone
hot spot and theWyoming craton.

Implications of Gravitational Anomalies within the Muckleshoot Basin of
Northwest Washington
COX, J. H., Auburn University, Auburn, AL, Jhc0015@auburn.edu; WOLF, L.
W., Auburn University, Auburn, AL, wolflor@auburn.edu; TAYLOR, J. P., Unit
Petroleum, Tulsa, OK, James.taylor@unitcorp.com

This study presents a preliminary model based on new and existing gravity and
magnetic data for the Muckleshoot basin near the Puget Sound, Washington. The
principle goals of the project are to determine whether and how faults mapped
outside of these basins continue beneath their thick sedimentary cover. Magnetic
data and new gravity data support the existence of at least two subbasins within
the Muckleshoot that are likely separated by a fault. Cross-sectional models focus
on the possible connection of the east-trending Seattle fault (northwest of the
basin) and the northwest-trending White River fault, mapped to the east of the
Muckleshoot basin. Gravity and magnetic maps show the trajectory of the White
River fault aligning with anomaly lineations that separate the basin and the known
location of the Seattle fault. A connection between these two fault systems would
have significant implications for hazard estimates in terms of the length and size of
these seismogenic structures and themaximummagnitudes that could be generated
by faulting.

Delineation Seismic Source Zones Based on Seismicity Parameters and
Seismotectonic Characteristics Around Sabah and North Borneo
ADNAN, A., eSEER, University of Technology Malaysia, Johor Bahru, Johor,
Malaysia, azelan_fka_utm@yahoo.com, azlanadnan@utm.my; HARITH, N.
S. H., eSEER, University of TechnologY Malaysia, Johor Bahru, Johor,
Malaysia, harithsheena@gmail.com; SHOUSHTARI, A. V., eSEER, University
of Technology Malaysia, Johor Bahru, Johor, Malaysia, abdollahvaezshoustari@
yahoo.com

The delineation of seismic source zones plays an important role before the analysis
on seismic hazard is done. The seismic source delineation based on the description
of the various tectonic and geological features with the association of historical
seismicity was performed to delineate seismic source zones around Sabah, North
Borneo. Sabah is located at the triple junction of the Pacific (through the Philippine
plate), Indo-Australian and Eurasian Plates with the rate of spreading 100mm, 110
mm and 40 mm per year respectively. The interactions among the plates are very
complex and active. Sabah situated at the location of being affected by low seismic
active level from the Sunda tectonic plate and moderately active seismic level from
Kalimantan and Sulawesi. Moreover, the state also have experienced earthquakes
of local origin with low-to-moderate earthquakes are frequently known to have
occurred in most cases and achieved to the level of VIII fromMMI scale. The local
earthquake of Sabah concentrated in three areas known to Central North Zone,
LabukBaySandakanZoneandDent-SempornaPeninsularZone. In regional aspect,
the tectonic features that affected Sabah can be divided into three classifications,
i.e. subduction zone, transform zone and background seismicity zone with total
of 12 seismic sources. The b-value parameter is computed in each source and was
estimated to be 0.284 to 1.442. Furthermore, probabilistic seismic hazard analysis
has been carried out and the highest estimated values of peak ground acceleration
(PGA) at rock level are approaching above 250 gals for 10% probability and above
400 gals for 2%probability in a life span of 50 years corresponding to a return period
of 500 and 2500 years, respectively. These values are much higher than previous
PGA values of 150 gals and 250 gals, respectively, whichmaybe due to the new Sulu
Faults lines now found near Sabah.
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From the Earthquake Source to Damage of Buildings:
Bridging the Gap between Seismology and Earthquake
Engineering
Oral Session · Friday · 8:30 AM · 2May · Room 1 Session
Chairs: Luis A. Dalguer, Carlo Cauzzi, Aysegul Askan and
Philippe Gueguen

Does a 1D Velocity Structure Hurt or Help Ground Motion Predictions?
CREMPIEN, J. G. F., UCSB, ERI, Santa Barbara, CA, crempien@eri.ucsb.edu;
ARCHULETA,R. J., UCSB, ERI, Santa Barbara, CA, ralph.archuleta@ucsb.edu

For linear response, ground motion is a convolution between the source and
Green’s functions (GFs) for an anelastic structure. While 1D anelastic structures
may provide a template to compute arrival times (high frequency), GFs (for these
layeredstructures)convolvedwiththesourcecannaturallyunderestimatetheground
motion amplitude at high frequencies. With source being embedded in the mostly
homogeneous structure, the up-going rays from the fault impinge with a large
incidence angle the bottom of the near-surface layers and glance off. The low-
frequency groundmotion is also affected. The near-surface layering leads to natural
waveguides for surface waves that tend to be larger than those observed for most
earthquakes, thus overestimating response spectra at high periods. The fundamental
erroneous assumption in using a 1D structure is that the uniform layers exist over
a wide range of distances. Some boundaries, e.g., the Moho, obviously persist over
large distances. But the assumption that near-surface uniform layers that are 10’s
of m thick exist over 10’s of km, is certainly false. Imperatori & Mai (2013)
incorporated randomness into a 3D velocity structure; the randomness leads to
50 60% attenuation in PGA and 20 30% attenuation in PGV even at distances
less than 20 km. While this approach is a laudable, it is currently impractical
(numerically expensive) for large distances. Recent results (Dunham et al., 2011;
Fang & Dunham, 2013; Shi & Day, 2013) demonstrate that fault roughness leads
to a randomwavefield. TheUCSBmethod (Liu et al., 2006; Schmedes et al., 2013)
embeds randomness into the source by the choice of distribution functions for the
kinematic parameters. Since ground motion is a convolution of source and path,
we propose using randomness in the source convolved with a nearly homogeneous
anelastic structure. We compare synthetics with response spectra based on ground
motion prediction equations for the western US (Earthquake Spectra, 2008).

Stress Drop Variations and their Relevance for Ground Motion Prediction
OTH, A., European Center for Geodynamics and Seismology, Grand Duchy of
Luxembourg, adrien.oth@ecgs.lu; BINDI, D., GFZGermanResearchCentre for
Geosciences, Potsdam, Germany, bindi@gfz-potsdam.de

Stress drop is one of the key parameters characterizing the earthquake source process
and therefore also a fundamental input parameter for ground motion prediction.
However, at the same time, stress drop is difficult to accurately determine. Stress
drop estimates are commonly derived from corner frequencies of earthquake source
spectra, and these estimates carry large uncertainties because stress drop depends
on corner frequency cubed. Large earthquake populations usually show stress drop
variations as large as three orders ofmagnitude. Assuming such a large range of stress
drop variations leads to very large ground motion variability solely as a result of the
source process, notwithstanding any variability due to propagation and site effects.
On the other hand, it has recently been shown that the between-event variability
obtained from groundmotion prediction equations (GMPEs) implies significantly
smaller variability in earthquake stress drop than source spectral studies generally do.

In order to get new insights into the potential reasons for these contrasting
findings, we present a dataset encompassing earthquakes of a widemagnitude range
and spatial coverage in Japan for which corner-frequency based stress drops have
been determined. These stress drop estimates show systematic lateral variations.
Accounting for these systematic variations reduces the stress drop variability on local
scale by a factor of two to three as compared with the full earthquake population,
which is closer to the stress drop variability estimates obtained from GMPEs. The
between-event terms obtained from regression analysis of the same dataset used for
the source spectral study will be discussed in this context.

Stress Drop Variability and its Relationship to Variability in GMPEs
BALTAY, A. S.,USGSMenloPark,MenloPark,CA,abaltay@usgs.gov;HANKS,
T. C., USGSMenlo Park, Menlo Park, CA, thanks@usgs.gov

Earthquake stress drop is an important predictive parameter in ground motion
estimation and should correspond to the short-period event residual from a ground
motion prediction equation (GMPE). The overall variability of seismologically
estimated stress drops, however, is much larger than tau, the standard deviation

of the event residuals from the GMPEs for peak ground acceleration (PGA).
Using the NGA-West2 data base and KikNet data from Japan, we investigate the
source of this discrepancy, employing several metrics for stress drop: the traditional
Brune stress drop, dependent on moment and corner frequency cubed; the aRMS-
stress drop of Hanks [1979], dependent on the moment and the square root of
the corner frequency; and the stress parameter from Boore [1983]. The stress
parameter is akin to a PGA-determined stress drop, estimated from the peak ground
acceleration (PGA) of an event and the earthquake moment, which can also be
modeled through stochastic ground motion simulations. We find that the reduced
variability seen inthePGAevent termsfromGMPEs isattributable toseveral factors,
includingexcellentdataqualityandprocessingintheNGAdatabase; reducednatural
variability of PGA measurements as opposed to spectral determination; and error
propagation when calculating a Brune stress drop, due to the cube of the corner
frequency. In addition, theNGA-West2 2014GMPEs (e.g., Abrahamson, Silva and
Kamai, 2014) consider mainshocks and aftershocks separately, finding a decrease in
PGAamplitudes by 0.3 ln units forClass 2 events, on-fault aftershocks, as compared
to the Class 1, stand alone events. Using the same classification, we find a similarly
smaller stress parameter for the Class 2 aftershock events by∼30%. A lower stress
drop for on-fault aftershocks may imply that they are re-rupturing damaged zones
or weak asperities. Incorporating this difference when considering the variability of
stress drop and of GMPEs is important.

Identification of Near-Field Ground-Motion Characteristics and Predictors
Based on Synthetic Data Obtained from Dynamic Rupture Models
DALGUER, L. A., Swiss Seismological Service, ETH-Zurich, Zurich, Switzerland,
dalguer@sed.ethz.ch; CAUZZI, C., Swiss Seismological Service, ETH-
Zurich, Zurich, Switzerland, carlo.cauzzi@sed.ethz.ch; BAUMANN,C., Zurich
Insurance Company Ltd, Zurich, Switzerland, cyrill.baumann@zurich.com;
GIARDINI, D., ETH-Zurich, Zurich, Switzerland, domenico.giardini@erdw.
ethz.ch

Proper characterization of ground motion parameters is a fundamental input to
structural design, seismic vulnerability, hazard and risk assessment studies.Although
empirical ground motion prediction equations (GMPEs) are extremely useful
for these purposes and routinely used in engineering seismology and structural
earthquake engineering applications, current models still suffer from some paucity
of recorded data in the near-field region of potentially damaging earthquakes.
Therefore these GMPEs are insufficient for the prediction in the near field because
they do not adequately quantify potential source effects. A way to cope this
shortcoming is using synthetic ground motion data to develop hybrid-GMPEs.
Dynamic rupture models appear to be a very strong candidate to produce such
synthetic ground motions, as these models have the potential to identify source-
dominated shaking phenomena. In this direction, we first perform an assessment
of a database of synthetic ground motions generated by a suite of dynamic rupture
simulations to verify compatibility of the peak ground amplitudes with current
GMPEs. Second, we parameterize the synthetic dataset through a synthetic GMPE
oriented to the implementation of a hybrid-GMPE that account for the above
mentioned source effects in the near field. Particular emphasis is placed on the
supersaturation (ground motion reduction) in the very-near field identified by
our numerical simulations (Baumann and Dalguer, 2014) and suggested by some
observation of real earthquakes (e.g. Akkar andBommer, 2007,Graizar andKalkan,
2007, 2011). Our dataset show that this supersaturation, generally not modeled in
empiricalGMPEs, is particularly pronounced in strike-slip buried rupture scenarios.
An adequate quantification of this phenomenon and its uncertainty may have
significant implications on earthquake hazard and risk assessment models based on
standard approaches.

Squeezing Kappa out of the Transportable Array: When the Going gets Tough
KTENIDOU, O. J., Universit Joseph Fourier, CNRS, ISTerre and PEER,
UC Berkeley, Grenoble, France, olga.ktenidou@ujf-grenoble.fr; SILVA, W.,
Pacific Engineering and Analysis, El Cerrito, CA, pacificengineering@juno.
com; DARRAGH, B., Pacific Engineering and Analysis, El Cerrito, CA,
pacificengineering@juno.com; ABRAHAMSON, N. A., Department of Civil
and Environm, Berkeley, CA, abrahamson@berkeley.edu; KISHIDA, T.,
Pacific Earthquake Engineering R, Berkeley, CA, kishidapple@gmail.com;
COTTON, F., Universit Joseph Fourier, CNRS,, Grenoble, France, fabrice.
cotton@ujf-grenoble.fr

The high-frequency attenuation parameter (Anderson and Hough, 1984), and, in
particular, its site-specific component (κ0) is an important input parameter for
ground motion prediction and simulations. The frequencies it controls (above
10 20 Hz) are important to the seismic response of safety-related equipment
in nuclear facilities. We present a case where the seismicity and instrument
characteristics render its measurement a challenge. Our site is located in a low
seismicity region (S. Arizona). The available seismic records are few and often noisy.
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They are at distances between 10 300 km, which makes the trade-off between site
andpath attenuation significant.The eventmagnitudes (M1.2-M3.4) are rather low
for the classicκ estimationmethod to be used. The stress drop values from different
studies in theregionvarygreatly (1 50bar), leading to largeuncertainty in the source
corner frequencies. Hence κ should be measured ideally above 10 Hz (above M3)
or 20Hz (belowM2) to avoid trade-offs. Possible high-frequency resonances due to
shallow soil layers may also interfere with the measurement. However, because our
data comes from theTransportableArray, the low sampling rate limits themaximum
usable frequency to 16 Hz. This allows us very little bandwidth to resolve source,
path, and site effects andconstrainκ0.Weuse threemeasurement approaches (above
the corner frequency, below it, and across the entire frequency range) todefineupper
and lower bounds for κ0 in S. Arizona, as well as estimates of regional Q and stress
drop. The TA has greatly increased the available dataset for North America and, in
certain low-seismicity regions, represents the majority of available seismic records
at short distances. The severe obstacles faced in this study will be relevant in future
κ studies in other regions with such band-limited data. We believe that an increase
in the sampling rate of the TA would help avoid them.

Progress of the Southern California Earthquake Center Technical Activity
Group on Ground Motion Simulation Validation
LUCO, N., United States Geological Survey, Golden, CO, nluco@usgs.gov;
REZAEIAN, S., United States Geological Survey, Golden, CO, srezaeian@usgs.
gov

Strong ground motion records are fundamental to engineering applications such
as nonlinear response history analysis of geotechnical or structural systems for
building code or risk assessments, and the development of prediction models for
ground motion intensity measures. Although thousands of strong motion records
are available today, there is a shortage of records for large-magnitude earthquakes at
short distances, as well as records that sample specific combinations of source,
path, and site characteristics. Owing to the development of numerical source-
excitation and wave-propagation codes, deterministic and stochastic simulation
methodsnowoffer increasingly realisticmodels of stronggroundmotions.However,
in order to be useful in engineering applications, simulated records must first be
statisticallyvalidatedagainstavailabledata.Thedevelopmentandimplementationof
validation methodologies requires collaboration between ground motion modelers
and engineering users. To facilitate this, the SouthernCalifornia EarthquakeCenter
(SCEC)maintains a Technical Activity Group (TAG) focused on GroundMotion
Simulation Validation (GMSV). Since April of 2013, the GMSV TAG has made
progress on the GMSV-related SCEC projects funded in 2013, and on validation
efforts within the Software Environment for Integrated SeismicModeling (SEISM)
project. The SEISM efforts are focused on validation in terms of engineering
metrics like nonlinear building response and seismic slope stability, in contrast
to the Broadband Platform Validation project, which is focused on validation in
terms of elastic spectral acceleration. At two 2013 workshops, plans for future
GMSV projects, such as validation of simulation-based probabilistic seismic hazard
analyses that will support the SCECCommittee for Utilization of GroundMotion
Simulations (UGMS), were also discussed. In this presentation, given on behalf of
the SCECGMSV TAG, we summarize this progress and outline future plans.

Stochastic Model for the Simulation of Seismic Ground Motion for Reliability
Analysis of Industrial Structures and Components.
ZENTNER, I., EDF R&D, Clamart, France

The simulation of synthetic accelerograms by means of stochastic ground motion
models is very popular in the engineering community. This is mainly due the
simplicity and computational efficiency of this approach. Once established, the
stochasticmodelallowstosimulateanunlimitednumberof timehistoryatnegligible
cost and thus to perform advanced structural reliability analysis and risk assessment.
In the stochastic approach, seismic ground motion is modeled as a stochastic, most
often Gaussian, process characterized by its power spectral density. The concept
of evolutionary power spectral density (Priestley 1985), allows, in a statistical
way, to account for the time dependent features linked to the arrival times of
different wave types (body and surface waves). Moreover, directivity effects can be
readily introducedbyaddingvelocitypulses according to their statistical distribution
(Mavroeidis&Papageorgiou2003,Baker 2006) to the simulated timehistories.The
use of a spatial coherency function allows to model and simulate a vector valued
process and thus to account for the spatial variability of ground motion. Stochastic
models are thus very versatile. But seismological data andmodels are needed to feed
these parameterized models in order to make them physically sound. Furthermore,
being artificial accelerograms, the question of representativeness of real events arises.

This contributionproposes todiscuss somepopular stochastic groundmotion
models available in literature. Then, the stochastic groundmotionmodel developed
at EDF R&D, available through Code-Aster finite element software, is presented.
Special attention will be drawn to verification and validation with respect to

seismological models and data. An application to the computation of fragility
curves illustrates the purpose.

Directivity Pulse Characterization of NGA-West2 Earthquakes PSHA
Implementation and Seismic Structural Response Implications
ROWSHANDEL, B., California Earthquake Authority, Sacramento, CA,
browshandel@CalQuake.com

The need to directly account for directivity effects in seismic hazard analysis
models has long been recognized by earthquake seismologists. In particular,
characterizingdirectivitypulses in future earthquakes for seismic response analysis of
structures has been the subject ofmany recent investigations.One current practice in
seismicdesign fordirectivity is tousewavelet analysison fault-normal componentsof
velocity timehistories of selected recordswithin20kmor less of the source to extract
a single pulse. The pulse is then attributed to rupture directivity assuming certain
conditions aremet. In regard to identification and use of directivity pulses, there are
many issues needing further studies. These include the use of earthquake-specific
versus record-specific pulses, acceleration pulse versus velocity pulse,multiple pulses
versus single pulse, fault-parallel versus fault-normal pulse, and conditions beyond
10-20 km.

As part of the NGA-West2 project, the author developed a directivity model
based on which directivity effects at a site is quantified using a single parameter
defined by the directions of rupture and slip. This model was used to study some
of the afore-mentioned issues on pulse characteristics. Analysis for earthquakes in
the NGA-West2 database, using ground motion residuals of NGA-West2 GMPEs,
resulted in multiple periods of strong directivity (i.e., multiple pulses) for most
earthquakes studied. The study identified factors which control the characteristics
of thepulses, that is, numberofpulses in eachearthquake, pulseperiods, and strength
of individual pulses in the group. These include proximity to the source, faulting
mechanism, heterogeneity of rupture, and directionality of ground motions. Some
of the findings of the study will be presented. One significant conclusion is that use
of a single velocity pulse (based on very-near-source fault-normal ground motion
components) could lead to incorrect estimation of seismic demand.

Ground Motions Due to Earthquakes on Creeping Faults
HARRIS, R. A., USGS, Menlo Park, CA, harris@usgs.gov; ABRAHAMSON,
N. A., Pacific Gas and Electric Company, San Francisco, CA, naa2@pge.com

We investigate the peak groundmotions from the largest well-recorded earthquakes
on creeping strike-slip faults in active-tectonic continental regions. Our goal is to
evaluate if the stronggroundmotions fromearthquakesoncreeping faults are smaller
than the strong groundmotions from earthquakes on locked faults. Smaller ground
motions might be expected from earthquakes on creeping faults if the fault sections
that strongly radiate energy are surrounded by patches of fault that predominantly
absorb energy. For our study we used the ground motion data available in the
PEERNGA-West2database, and the groundmotionprediction equations thatwere
developed from the PEERNGA-West2 dataset.We analyzed data for the six largest
well-recordedcreeping-fault earthquakes, that ranged inmagnitude fromM5.7 6.5.
These are the 1966 and 2004 Parkfield, 1979 Imperial Valley, 1979 Coyote Lake,
1984 Morgan Hill, and 1987 Superstition Hills events. Our findings are that these
earthquakes produced peak ground motions that are statistically indistinguishable
from the peak ground motions produced by similar-magnitude earthquakes on
locked faults. These findings may be implemented in earthquake hazard estimates
for moderate-size earthquakes in creeping-fault regions. Further investigation is
necessary to determine if this result will also apply to larger earthquakes on creeping
faults.

A Naive Bayesian Approach to Strong Ground Motionn Selection for Non-
Linear Seismic Analysis of Structures
LANCIERI, M., IRSN, Fontenay aux Roses, France, maria.lancieri@irsn.fr;
REANULT, M., IRSN, Fontenay aux Roses, France, marine.renault@irsn.
fr; LECOMTE, L., IRSN, Fontenay aux Roses, France, louis.lecomte@
irsn.fr; PERRAULT, M., UJF, Grenoble, France, perraulm@ujf-grenoble.fr;
BAUMONT, D., IRSN, Fontenay aux Roses, France, david.baumont@irsn.fr;
GUEGUEN, P., IFSTTAR, Grenoble, France, philippe.gueguen@ujf-grenoble.
fr; BERGE-THIERRY, C., CEA, Saclay, France

In this work, we investigate the possible role of ground motion intensity measures
(IM) in constraining data selection. To this aim, we propose a naive Bayesian
inference scheme to predict the response of a single degree of freedom (SDOF)
system in function of a set of IM.

Wemodeled 6 non-linear SDOF systems with initial fundamental frequency
of 1, 2 and5Hz andwith different strength reduction factors. TheTakeda hysteretic
model describing the structural behavior and the structural demand is expressed in
terms of relative drift. A database of 6373 strong motion records was built from
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worldwide catalogues and has been described by a set of ‘classical’ IM. The SDOF
response is reduced in a description of three possible statuses: elastic, if the induced
drift is lower than the yield displacement, plastic if the drift ranges between the yield
and the ultimate drift values and fragile if the drift reaches the ultimate drift. Our
goal is toevaluate theconditionalprobabilityofobservingagivenstatusof theSDOF
system in function of the IM array. The results of the Bayes classification on the
training dataset are quite promising. Indeed, to validate the presentedmethodology
and evaluate its prediction capability, we performed a blind test on a second dataset,
completely disjointed fromthe trainingone, composedof 7000 Japanesewaveforms.
Weclassified Japanese data using theprobability distribution functions issuedon the
first data set. The results on Japanese dataset are encouraging; however the critical
point is the discrimination between the waveforms pushing the SDOF system in
plastic state and those inducing a fragile behaviour. To better understand what are
the seismic features related with the plastic and fragile behaviour, we will perform a
time-frequency analysis using the Stockwell transform. This latter part of the work
is devoted to interpret the Takeda behaviourmaking a link between the engineering
and seismological features.

On the Use of Earthquake Early Warning and Operational Earthquake
Forecasting for Real-Time Risk Mitigation at Nuclear Power Plants in
Switzerland.
CAUZZI, C., Swiss Seismological Service (SED) at ETHZ, Zurich, Switzerland,
carlo.cauzzi@sed.ethz.ch; BEHR, Y., Swiss Seismological Service (SED)
at ETHZ, Zurich, Switzerland, yannik.behr@sed.ethz.ch; RENAULT, P.,
swissnuclear,Olten,Switzerland,philippe.renault@swissnuclear.ch;CLINTON,
J., Swiss Seismological Service (SED) at ETHZ, Zurich, Switzerland, john.
clinton@sed.ethz.ch; WIEMER, S., Swiss Seismological Service (SED) at
ETHZ, Zurich, Switzerland, stefan.wiemer@sed.ethz.ch; LE GUENAN, T.,
Bureau de Recherches Gèologiques et Minières (BRGM), Orlèans, France, t.
leguenan@brgm.fr; DOUGLAS, J., Bureau de Recherches Geologiques et
Minières (BRGM), Orlèans, France, j.douglas@brgm.fr; WOESSNER, J.,
Swiss Seismological Service (SED) at ETHZ, Zurich, Switzerland, jochen.
woessner@sed.ethz.ch; CAPRIO, M., formerly at Swiss Seismological Service
(SED) at ETHZ; CUA, G., formerly at Swiss Seismological Service (SED)
at ETHZ.

Selectively presented in this contribution are the main activities carried out and
results obtained within a research initiative devoted to a feasibility study and initial
implementation efforts of Earthquake Early Warning (EEW) and time-dependent
seismic hazard analyses aimed at mitigating seismic risk at nuclear power plants
(NPP) in Switzerland. This research task is being carried out within the EC-funded
project REAKT (Strategies and Tools for Real Time Earthquake Risk Reduction,
FP7,contractno.282862,2011 2014,www.reaktproject.eu),andinvolvesacademic
institutions (SED at ETHZ and BRGM) and swissnuclear, that operates 4 nuclear
power plants in Switzerland providing∼ 40%of the electricity needs of the country.
The study comprises: a) assessing theperformances of the selectedEEWalgorithm
the Virtual Seismologist, VS (Cua, 2005; Cua and Heaton, 2007; Cua et al., 2009)
in Switzerland and California, in terms of correct detections, false alerts, and

missed events; b) embedding the VS algorithm into the earthquake monitoring
software SeisComP3 (www.seiscomp3.org, Behr et al., 2013) routinely used by the
SED at ETHZ; c) customising the Caltech User Display to ensure optimised use
at swissnuclear, by means of developing and implementing Swiss specific ground-
motion prediction tools (Edwards and FAh, 2013; Cauzzi et al., 2013) at the target
sites; d) compiling synthetic time-dependent hazard scenarios for Switzerland and
e) combining the above input data into a cost-benefit analysis on the use EEW and
operational earthquake forecasting (OEF) as real-time earthquake risk mitigation
tools for NPP in Switzerland.

Real-time GPS enhanced Earthquake Early Warning: The Northern California
Setup
GRAPENTHIN, R., Berkeley Seismological Lab, University of California,
Berkeley,Berkeley,CA, ronni@seismo.berkeley.edu; JOHANSON,I.A.,Berkeley
Seismological Lab, University of California, Berkeley, Berkeley, CA, ingrid@
seismo.berkeley.edu; ALLEN, R. M., Berkeley Seismological Lab, University of
California, Berkeley, Berkeley, CA, rallen@berkeley.edu

In an effort to improve earthquake parameter estimation in earthquake early
warning (EEW) for large earthquakes (e.g. Mw, finite fault geometry), the Berkeley
Seismological Laboratory (BSL)works on integrating real-timeGPS into EEW, and
generates and archives real-time position estimates using data from 62GPS stations
in the greater San Francisco Bay Area. This includes 26 stations that are operated by
theBSLaspart of theBayAreaRegionalDeformation (BARD)network, 8operated
by theUSGS, and29stationsoperatedby thePlateBoundaryObservatory.Wesetup
a fully triangulatednetwork scheme inwhichneighboring stationpairs areprocessed
with the software trackRT. Positioning time series are produced operationally for

about 170 station pairs; additional station pairs will be added as more real-time
stations become available.

G-larmS, the geodetic alarm system, sits on top of real-time GPS processors
(e.g., trackRT) and analyzes real-time positioning time series, and determines and
broadcasts static offsets and quality parameters from these. Following this, G-larmS
derives fault andmagnitude information from the static offsets and broadcasts these
results as well. This Python implementation is integrated into seismic alarm systems
(CISN ShakeAlert, ElarmS) as it uses their P-wave detection alarms to trigger its
processing.

The BSL now runs G-larmS in real-time test-mode for Northern California.
Here, we present the setup and report results of the first months of operation.
This includes analysis of system latencies, noise, and response to actual events
and results produced by G-larmS. As the BSL generates differential positions
over relatively short baselines, we also test how such baseline strains compare
to absolute position changes in the case of a very large large earthquake. We
perform this analysis on data from the 2011 Mw 9.0 Tohoku-oki earthquake, add
randomly selected real-time noise, and invert for slip along the subduction zone
interface.

An Evaluation of U.S. Geological Survey’s PAGER’s Alerting Accuracy
MARANO, K. D., USGS, Golden, CO, kmarano@usgs.gov; GARCIA, D.,
garciajimenez.d@gmail.com; HEARNE, M., USGS, Golden, CO, mhearne@
usgs.gov; JAISWAL, K., USGS/Synergetics, Golden, CO, kjaiswal@usgs.gov;
WALD, D. J., USGS, Golden, CO, wald@usgs.gov

We review the success rate of USGS’s PAGER earthquake impact alerts for events
sinceSeptember2010.PAGERemploysa four-level alert schemaofgreen(littleorno
impact), yellow (regional impact and response), orange (national-scale impact and
response), and red (international response) with corresponding estimated fatality
thresholds of 1, 100, and 1000+; commensurate economic loss thresholds are $1
million, $100million, and$1billion+. Evaluating alerting success is complicated by
several factors: alerts may update once the earthquake source is better constrained,
both economic- and fatality-based alerts must be evaluated independently, adjacent
alert levels can be nearly equally probable, and the definition of alerting ‘success’
varies according to the users’ perspectives. For example, an updated alert for a small
yet deadly earthquake may be released to the majority of users a few hours after
origin time (e.g., green alert later raised to yellow), but it may still be very timely
for their purposes. We compile a dataset of PAGER alerts as a function of time
following each event where economic and/or fatality reports are also available. To
quantify alerting accuracy, we compare alerts with corresponding economic and
fatality reports for three categories: 1) initial, automatic alerts, 2) updated alerts
within eight hours of the event, a selected time period where model-based alerts
are still likely to be essential, and 3) final, belated alerts after additional constraints
are provided, but beyond the useful time window. Overall, alerts from our initial,
automatic results are deemed highly useful, though significant improvements are
achieved as revised source parameters and additional data (macroseismic, faulting,
strong motion) are added. Such improvements imply that much of the initial errors
are often due to uncertainties on the hazard side of themodel, thoughmore detailed
analyses of individual events indicate loss-model deficiencies in certain cases.

Real-Time Shake Mapping in Istanbul
ZULFIKAR, C., Bogazici University, KOERI, Istanbul, Turkey, can.zulfikar@
boun.edu.tr; TUNC, S., Bogazici University, KOERI, Istanbul, Turkey; YAS, T.,
Kocaeli University, Kocaeli, Turkey; ERDIK, M., Bogazici University, KOERI,
Istanbul, Turkey

The real-time strong ground motion information from the dense Istanbul
Earthquake Rapid Response Stations (IERRS) Network has been used in order
to generate real-time ShakeMaps for Istanbul City. IERRS Network includes 120
StrongMotion stations located in densely populated areas of the city. The real-time
data from each station is transmitted to the main server in Kandilli Observatory
and Earthquake Research Institute (KOERI) through 3G. The required parameters
such as PGA, PGV and SA(0.2s), SA(1.0) are calculated. The automated input
file including related parameters are formed. ELER (Earthquake Loss Estimation
Routine) has been utilized in the generation of Shake Maps. ELER provides rapid
estimation of earthquake shaking and losses for the target area through its Hazard
and Loss modules, respectively.

The ELER Hazardmodule basically produces earthquake shakemaps using
a similar procedure of USGS Shake Map.

The following step by step procedure is used in the estimation of ground
motions:

1. Depending on the earthquake epicenter coordination input, the extent of
the Shake-Map area drawn.

2. The phantom stations with a user-defined uniform spaced grid are created
within the Shake-Map extent.
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3. Using the NGA models by taking into account Vs30 value for each grid,
the ground motion parameters for each phantom station on the ground surface are
calculated.

4. A bias correction is applied to the calculated groundmotion parameters by
taking into account recorded ground motion parameters.

In addition to the groundmotion parameters PGA, PGV, Saa and Sd, ground
shaking intensity is also estimated through the regression relationships between
MMI and PGA-PGV and regional intensity predictions models.

Multi-Hazard Risk Maps for Coastal Communities of Washington
CAKIR, R., Washington State Department of Natural Resources, Olympia,
WA, recep.cakir@dnr.wa.gov; WALSH, T. J., Washington State Department of
Natural Resources, Olympia, WA, tim.walsh@dnr.wa.gov; SLAUGHTER, S.,
Washington State Department of Natural Resources, Olympia, WA, stephen.
slaughter@dnr.wa.gov; NORMAN, D. K., Washington State Department of
Natural Resources, Olympia, WA, dave.norman@dnr.wa.gov

Washington State Department of Natural Resources Division of Geology
and Earth Resources (WADNR-DGER) partnered with Federal Emergency
ManagementAgency (FEMA) through theCooperatingTechnical Partners (CTP)
program to assess annualized losses from flood hazards and prepare inputs
for FEMA’s coastal Risk Map projects by using HAZUS-MH analysis and
assessing/addressing losses from earthquake, flood and other potential hazards
such as landslide and tsunami in the project areas. The Multi-Hazard Risk
mapping (project) areas are on shorelines of the Pacific Ocean and Puget Sound
of Washington: Grays Harbor, Pacific, Skagit, Whatcom, Island, Mason, Clallam,
Jefferson and San Juan counties.

HAZUS-MH tool was selected to estimate losses and damages due to flood
and earthquake hazards by using updatedHAZUS inventory data aggregated using
county assessor and Census 2010 information. We built inventory data by using
the assessor’s data of the counties for risk assessments.We updated general building
stocks which are aggregated using Census 2010 blocks/tracts, and generated user-
defined data accounting for individual buildings which give better estimates for
earthquake and flood risk models.

We then used the updated (Level 2) inventory data as inputs to the HAZUS-
MHsoftwaretoestimate lossesanddamages for thecounties.AlikelyM9megathrust
cascadia earthquake scenario ShakeMap generated by the USGS was used for
the HAZUS-MH earthquake model. HAZUS-MH (earthquake model) results
for Grays Harbor and Pacific counties will be presented as examples. GIS maps
of properties exposed to tsunami, landslide, and liquefaction hazards within the
communities of the two counties will be shown. This multi-hazard risk assessment
project that also has an outreach component that will further improve local and
regional mitigation and emergency response plans in and around the coastal
communities inWashington.

Fatalities in Greek Earthquakes, Past and Future
WYSS, M., WAPMERR, Bougy-Villars, VD, Switzerland, wyss.adh@gmail.com;
TOLIS, S., WAPMERR, Bougy-Villars, VD, Switzerland

There exist reports of fatalities (1 to several thousand) in approximately 100 Greek
earthquakes since 464BC. We selected 17 of these for which a magnitude has
been estimated, more than 100 fatalities were reported and there was no tsunami.
Tsunamogenic events are excluded because we estimate the numbers of fatalities
due to damaged buildings, but are unable to estimate flooding effects. Since 1881,
there has not been a report of more than 500 fatalities due to an earthquake, thus it
appears that Greece has been spared earthquake disasters during the last 140 years,
whereasbefore somelargehumanlosseshavebeenreported.Wecalculatedhowmany
fatalities would have to be expected for repeats of the 17 test earthquakes with the
tool QLARM and its current model for Greek building properties. Events of M≥7
weremodeled as line sources, smaller ones as point sources.Hypocentral depthswere
assigned in the top 5 to 20 km, depending on themagnitude and information found
in the literature. Forone event thedepth is given as 90km.The factors that introduce
errors in the comparison include: Inaccurate source parameters, unreliable historical
counts of fatalities, unknown deviations from average attenuation properties and
local soil conditions, simplification of the QLARM models for population and
building stock and unknown time of day for some of the older events. The fact that
the QLARM loss calculation comes out within 6 persons of the number reported
for the 1999 earthquake near Athens, gives some confidence that our theoretical
estimates are meaningful. It turns out that today the numbers of fatalities to be
expected are half (median) of those reported historically. Two events deviated from
this trend; their estimates for the present were larger than the historically reported
numbers. We interpret the overall result as indicating that the improvement of the
building stock has reduced the fatality count more than the population growth has
increased it.

Macroscale Vulnerability Assessment using Association Rule Learning, a
Datamining Tools.
RIEDEL, I., ISTerre/UJF/CNRS/IFSTTAR, Grenoble, France, ismael.riedel@
ujf-grenoble.fr; GUEGUEN, P., ISTerre/UJF/CNRS/IFSTTAR, Grenoble,
France, philippe.gueguen@ujf-grenoble.fr

A complete seismic risk assessment requires not only the estimation of the seismic
hazard, but also a representation of the existent buildings quality and expected
response through the definition of their vulnerability. The Seismic vulnerability of
an urban environment characterizes the capacity of buildings to stand the seismic
ground motions. The difficulty in its estimation at the scale of a city is bound
to the high amount of buildings to analyse, the construction type variability, the
misunderstanding in thebehaviourof anold structure, and to the intrinsic variability
in the response of structures to seismic loads. The well-known methodologies
conceived using post-event damage information in earthquake prone countries
cannot be easily applied in moderate-to-low seismic hazard regions like central
Europe.We propose a way to perform a fast estimation with a comparable accuracy,
using only few, easy-to-get and certain information on buildings. Using a dataset of
existing buildings in Grenoble (France) with an EMS98 vulnerability classification
andbymeansof twodifferentdataminingtechniques AssociationRuleLearningand
Support VectorMachine - we developed a seismic vulnerability proxy. This proxy is
applied to the entire countryusingbasic informationcontained innational databases
(census information), obtaining a vulnerabilitymap nation-wide.We also show that
including information on building obtained from remote sensing techniques (i.e.
treatment of satellite images) we can improve the accuracy on the vulnerability
estimation. The approach was validated in Nice (France) by comparison with
the RiskUE method and finally, damage estimations were compared with historic
earthquakes that produced moderate-to-strong damage in France.

Estimation of Seismic Losses in Urban Regions within an Interdisciplinary
Framework: A Case Study
ASKAN, A., Middle East Technical University, Ankara, Turkey, aaskan@
metu.edu.tr; ERBERIK, M. A., Middle East Technical University, Ankara,
Turkey, altug@metu.edu.tr; YAKUT, A., Middle East Technical University,
Ankara, Turkey, ayakut@metu.edu.tr; KILIC, N., Prime Ministry Disaster and
Emergency Management Presidency, Ankara, Turkey, nazan.yilmaz@afad.gov.
tr; KARIMZADEH, S., Middle East Technical University, Ankara, Turkey,
sh_naghshineh@yahoo.com; SISMAN, F. N., Middle East Technical University,
Ankara, Turkey, f.nurtensisman@gmail.com; ASTEN, M., Monash University,
Melbourne, Australia,michael.asten@sci.monash.edu.au

Risk mitigation in urban regions starts with identification of potential seismic
losses in future earthquakes. Estimation of seismic losses concerns a wide range
of authorities varying from geophysical and earthquake engineers, physical and
economic planners to insurance companies while the process naturally involves
inputs from multiple disciplines. In this study we present a city model where
potential seismic losses are expressed in terms of building vulnerabilities and
regional seismic hazard. The main components of the study are probabilistic and
deterministic seismichazardassessmentandestimationofpotential groundmotions,
regional building vulnerability and fragility information, casualty and economic
loss functions. As the study area, Erzincan, a city on the eastern part of the North
Anatolian Fault zone is selected. Located within a triple conjunction of major fault
systems within a basin structure, and experienced a major event (Ms=8.3) in 1939,
this city has significant hazard potential. We present the initial results in terms
of key components such as construction of a 2D velocity model, ground motion
simulationsofpastearthquakesandscenarioevents, site-specificprobabilistic seismic
hazardanalyses and fragility functionsderivedusing regionalbuildingcharacteristics
along with simulated regional ground motion data.

Evaluation of Building Vulnerability Due to Liquefaction using the Canterbury
Earthquake Sequence Observations
ANCHETA, T. D., RiskManagement Solutions,Newark,CA, tim.ancheta@rms.
com; VAN BALLEYGOOY, S., Tonkin and Taylor, Ltd., Newmarket, Auckland,
NZ, SVanBallegooy@tonkin.co.nz

Liquefaction loss models proposed by Hazus (2003) and Bird et al. (2006) account
for building damage based on the potential ground surface displacements. Hazus
(2003) proposed that cyclic mobility with lateral spreading and cyclic mobility on
level ground away froma free-facewill create differential building performance. Bird
et al. (2006) proposed that tilt, uniform, and differential foundation displacement
may be different for various foundation types (stiff/flexible shallow foundation
and deep foundations to firm stratum). Both methodologies assume that the
free-field ground surface displacement may be used to predict the foundation
displacements and recommend liquefaction fragility functions mainly based on
engineering judgment.Dashti et al. (2010) proposed that foundation displacements
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may not be related to the thickness of the liquefiable deposit in level ground
conditions andmay not match free-field displacements. This presentation discusses
the key dependencies that affect the link between the consequences of liquefaction
(ground displacement/liquefied extent) to foundation damage (e.g. tilt, settlement,
extension) during the Canterbury earthquake sequence of 2010-2011. A database
of liquefaction ground/foundation displacement observations is coupled with
the Canterbury Geotechnical Database collected in the Christchurch area to
develop preliminary fragility functions. References: [1] FEMA (2003). HAZUS-
MH technical manual. Federal Emergency Management Agency, Washington,
DC. [2] Bird J. F., Bommer J. J., Crowley, H., Pinho R., (2006) Modeling
liquefaction-induced building damage in earthquake loss estimation. Soil Dynamics
and Earthquake Engineering, 26, pp. 1530. [3] Dashti S., Bray J. D., Pestana J. M.,
Riemer M., Wilson D., (2010) Mechanisms of seismically induced settlement of
buildings with shallow foundations on liquefiable soil. Journal of Geotechnical and
Geoenvironmental EngineeringASCE, 136, 1, pp. 151-164.

Building Time-Dependent Earthquake Recurrence Models for Probabilistic
Loss Computations
FITZENZ, D. D., RMS, Inc, Newark, CA, delphine.fitzenz@rms.com; NYST,
M., RMS, Inc., Newark, CA,marleen.nyst@rms.com

We present a Risk Management perspective on earthquake recurrence on mature
faults, and the ways that it can be modeled. The specificities of Risk Management
relative to Probabilistic Seismic Hazard Assessment (PSHA), include the need for
loss per event to determine the correlation of risk between sites, the non-linearity
of the exceedance probability curve for losses relative to the probability for event
occurrence, the fact that losses at all return periods are needed (and not at discrete
values of the return period), the time-scale of interest, and the set-up of financial
models which sometimes require the modeling of realizations of the order in which
events may occur (I.e., simulated event dates are important).

We use New Zealand as a case study and review the physical characteristics
of several faulting environments, contrasting them against properties of three
probabilitydensity functions (PDFs)widelyusedtocharacterize the inter-event time
distributions in time-dependent recurrence models. We review the data available
to constrain both the priors and the recurrence process. We propose that with the
current level of knowledge, the best way to quantify the recurrence of large events
onmature faults is to use a Bayesian combination of models, i.e., the decomposition
of the inter-event time distribution into a linear combination of individual PDFs
with their weight given by their evidence ratio.

Finally we propose to the community: 1. A general debate on how best
to incorporate our knowledge (e.g., from geology, geomorphology) on plausible
models and model parameters, but also preserve the information on what we do
not know; and 2. The creation andmaintenance of a global database of priors, data,
and model evidence, classified by tectonic region, special fluid characteristic (pH,
compressibility, pressure), fault geometry, and other relevant properties so that we
can monitor whether some trends emerge in terms of which model dominates in
which conditions.

Advances in Understanding EarthquakeHazard in Central
and Eastern North America
Oral Session · Friday · 8:30 AM · 2May · Room 2 Session
Chairs: RobertWilliams, MitchWithers, William Stephenson
and John Ebel

Paleoseismic Evidence for Persistent Intraplate Seismicity Associated with
Reactivation of Precambrian Crustal Structures in Central Canada
DOUGHTY, D., McMaster University, Hamilton, ON, Canada, doughty@
utsc.utoronto.ca; EYLES, N., University of Toronto Scarborough, Toronto,
ON, Canada, eyles@utsc.utoronto.ca; WALLACE, K. E., University of Toronto
Scarborough, Toronto, ON, Canada, kwallace@utsc.utoronto.ca; EYLES, C. H.,
McMaster University, Hamilton, ON, Canada, eylesc@mcmaster.ca; BOYCE, J.
I., McMaster University, Hamilton, ON, Canada, boycec@mcmaster.ca

Central Canada experiences recurring low to moderate intraplate earthquakes
linked to reactivation of poorly- understood Precambrian basement structures.
Unfortunately such structures are deeply buried below Paleozoic cover rocks,
Pleistocene glacial and postglacial sediments and large lake bodies. Well defined
laterally-extensive seismite horizons composed of ball and pillow structures, thrust
faults and debrite horizons have been mapped in lengthy outcrops of early to
mid-Silurian carbonate and siliclastic shallowmarine strata. These structures record

sediment disturbance bymoderate paleo-earthquakes in the vicinity of theGrenville
Front Tectonic Zone and other deeply buried crustal lineaments, and may be
associated with phases of rapid subsidence of the Michigan Basin in response to
far-field Appalachian orogenic events. Recent earthquake-related deformation in
the last 10,000 years is recorded on high resolution seismic sub-bottom profiles
that identify sediment faulting, diapiric deformation and slumping on many lake
floors located above Precambrian terrane boundaries. Exceptionally thickmass flow
successions and extensive faults in Lake Timiskaming located along the floor of
the Ottawa-Timiskaming Graben within the seismically active Western Quebec
Seismic Zone, suggest a higher frequency of earthquakes and slope failure during
deglaciation and rapid glacio-isostatic rebound, but faulting and failure of lakefloor
sediments is ongoing confirming the hypothesis that the graben is a weak zone
within the North American plate. Results support the model that ongoing mid-
plate earthquake activity is a consequence of brittle deformation of the fractured
and faulted upper crust of the North American plate with significant implications
for the assessment of seismic hazard in vulnerable intraplate regions with ageing
infrastructure.

The St. Lawrence Rift System and its Relationships with Recent Earthquakes
LAMONTAGNE,M., Geological Survey of Canada, Ottawa, ON, Canada,
malamont@nrcan.gc.ca

It is generally assumed that most M > 4.5 earthquakes of the St. Lawrence
Valley occur on faults of the St. Lawrence Rift System (SLRS), a system of faults
that include the Ottawa-Bonnechere and Saguenay grabens. Created during the
opening of the Iapetus Ocean, faults of the SLRS were created as steeply-dipping
normal faults but the current compressive environment reactivates them as reverse
faults.

During the 2010 2013 time period, fifteenmN≥ 4.0 earthquakes have been
located within or near the SLRS. Except for three of those earthquakes, all other
earthquakes occurred in the three main seismically active zones, namely Charlevoix
(CSZ; 3 events),WesternQuebec (WQSZ; 7 events; including twomN>5.0), and
Lower St. Lawrence (LSLSZ; 2 events). All earthquakes represented thrust faulting
in the mid- to upper crust.

These new earthquakes give us an opportunity to revisit the assumption that
they represent the reactivation of SLRS faults. In the CSZ, the recent earthquakes
followed the trend defined by the some35 years ofmicro-seismicmonitoring. Faults
related to the SLRS and to a meteor impact structure are possibly reactivated but
some earthquakes also occur in what appear to be highly fractured blocks between
regional faults.

Earthquakes of the WQSZ tend to concentrate in a well-defined NW-SE
alignment. The six local earthquakes of the time period 2010 2013 show the
difficulty in relating mid-crustal hypocenters with faults or lineaments mapped at
the surface. The May 2013 M 4.5 Ladysmith, Quebec, earthquake occurred near
some faults of the Ottawa-Bonnechere Graben but it is difficult to decide which
fault was reactivated.

We propose that SLRS faults should not be a priori considered the reactivated
structures for most small tomoderate earthquakes (M< 4.5). It is also possible that
local conditions present in a few seismic zones can weaken faults or enhance the
stress levels, favoring the occurrence of earthquakes.

USArray Transportable Array Evolving into the Central and Eastern United
States Network (CEUSN)
VERNON, F., IGPP, UCSD, San Diego, CA, flvernon@ucsd.edu; BUSBY, R.,
IRIS,WoodsHole, MA, busby@iris.edu;WOODWARD, R., IRIS,Washington,
DC, woodward@iris.edu; ASTIZ, L., IGPP, UCSD, San Diego, CA, lastiz@
ucsd.edu

TheCentral and EasternUnited StatesNetwork (CEUSN) is a long-term sub-array
of ∼160 seismometers selected from EarthScope’s USArray Transportable Array
(TA) footprint. The mission of the CEUSN is to enable researchers and Federal
agencies alike to better address the basic geologic questions, background earthquake
rates and distribution, seismic hazard potential, and associated societal risks of
this region. The network stems from collaboration between the National Science
Foundation, United States Geological Survey, United States Nuclear Regulatory
Commission, Department of Energy, and Incorporated Research Institutions for
Seismology. Like the Transportable Array, the CEUSN stations are transmitting
data in real time, allowing for continuous seismic monitoring. This long-term
deployment of seismometers will produce a much larger set of observations than
achievable during the originally planned 2-year duration of theTAdeployment.The
CEUSN, togetherwith the existing coverage of permanently deployed seismometers
in the central and eastern United States, will combine to form a network of∼300
broadband stations. The initial stations were deployed in November, and the rest
will be operational by May 2012.
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Referenced Empirical Ground-Motion Model for Eastern North America,
Based on the NGA-West 2 GMPE
HASSANI, B., Western University, London, ON, Canada, bhassan7@uwo.ca;
ATKINSON, G. M., Western University, London, ON, Canada, gatkins6@
uwo.ca

Ground-motion prediction equations (GMPEs), giving expected ground-motion
amplitudes as a function of magnitude and distance, are an important component
of earthquake hazard analysis. A useful method for development of GMPEs
in data-poor regions such as eastern North America (ENA) is the referenced
empirical approach (Atkinson, 2008; Atkinson and Boore, 2011), in which sparse
observational data are compared to an empirical GMPE from a data-rich region.
We compare a recent GMPE for shallow events in active regions (Boore, Stewart,
Seyhan and Atkinson, denoted BSSA14), with recorded ground motions in ENA
(peak ground motions and response spectra), considering both Central U.S. data
(CUS) and data from southeastern Canada and northeastern U.S. (east). We note
that BSSA14 is well constrained at lowmagnitudes (M3.5+), making comparisons
to ENA data robust.

Residuals are defined as the ratio of the observed ENA values to the predicted
values based on BSSA14. The residuals trends will be a function of frequency
and distance, and reflect regional differences in source amplitude and attenuation.
We observe that the residuals trends are similar in the CUS and east regions,
indicating just slightly higher attenuation in the CUS. The Gulf Coast region, by
contrast, shows significantly higher attenuation. In general, at close distances (<60
km), residuals tend to be insignificant except at very high frequencies (>10Hz);
this suggests that western-based GMPE models might be used to predict eastern
motions in high-hazard regions, for which sources at <60 km dominate (except
for frequencies >10 Hz and PGA). As distance increases, the residuals gradually
increase, presumably due to the slower attenuation rate at regional distances in ENA
compared to that in active regions. The proposed referenced empirical GMPEs
can be used for hazard analysis in ENA, in particular to provide empirically-
constrained scaling ofmotions tomagnitudes larger than those available in theENA
database.

Comparing the CENA GMPEs using NGA-East Ground Motion Database
OGWENO, L. P., TheUniversity ofMemphis CERI,Memphis, TN, logweno@
memphis.edu; CRAMER, C. H., The University of Memphis CERI, Memphis,
TN, ccramer@memphis.edu

The Next Generation Attenuation (NGA) East project has an updated
database for Central and Eastern North America (CENA) ground motions. The
objective of this study is to analyze the performance of ground motion prediction
equations (GMPEs) used in the United States Geological Survey (USGS)National
SeismicHazardMappingProject (NSHMP)and someother potentialGMPEsused
in the CENA. Analyses include bias analysis and checks for model inadequacies
using statistical tests such as cumulative probability plots, histograms and boxplots.
Ranking of the GMPEs is accomplished using minimum residual, log likelihood
(LLH), and Euclidean Distance Based Ranking (EDR) techniques.

Fromtheclassical residual analysis,AtkinsonandBoore (2011) (modelA08p),
AtkinsonandBoore (2011) (modelAB06p)andAtkinsonandBoore (2006) (model
AB06+) with 200 bar stress drop performed better than other GMPEs. These
results were also analyzed using box plots to summarize the location, dispersion, and
symmetry or skewness of the residual values. In general the NGA East database is
positively skewed i.e., the right tail ismorepronounced than the left tail.This implies
that most of the observed ground motion values are concentrated to the left of the
mean, with extreme values to the right. GMPE logarithmic residuals are leptokurtic
and non-normally distributed, although not strongly so. EDR results show models
Atkinson (2008) (model A08), AB06p and AB06+ as the best performing models
for combined site classes. Models AB06p, EPRI (2004) cluster2 model (EPRI2),
AB06+ and Silva et al., (2002) double corner model (SD02) matched the ground
motion to the data well in rock sites. Generally, newerGMPEs tend to predict lower
ground motion levels than older GMPEs. This is attributed to differences in the
geometrical spreading used with the newer GMPEs using R−1.3 verses R−1.0 in
the older GMPEs.

Time Dependence of Magnitude Conversion Relations for Eastern Canada:
More Complex than We Thought
BENT, A. L., Geological Survey of Canada, Ottawa, ON, Canada, abent@nrcan.
gc.ca

A change of 0.12 in the mN -MW relation for eastern Canada in the mid-
1990s was previously established and found to be related primarily to changes
in instrumentation during a seismograph network upgrade, which led to mN being
calculated at higher frequencies than in the past. The national seismic monitoring
network has undergone several previous large-scale upgrades raising the question

whether there could have been additional such magnitude relation changes. There
are not sufficient instrumental MW ’s, the preferred scale for hazard assessment, for
past earthquakes for a thorough investigation.There are, however, amplitude-period
data in the Canadian earthquake database back to 1940. For recent earthquakes
MLg(f ) is generally close toMW . MLg(f ) was calculated and compared tomN for
earthquakes in eastern Canada from 1940 through 2012. The difference between
the two shows an increase from 0.0 to 0.6 with several steplike increases coinciding
with network upgrades. Over the same period a decrease in the average period at
which mN was calculated was noted. Data from recent earthquakes have shown
that the difference between MLg(f ) and mN is dependent on both frequency and
distance. The same dependence is observed for the older earthquakes. That is, the
time dependency of the magnitude relations appears to be related to changes in the
input parameters and not directly to the calculations or instruments themselves.
One must be careful not to assume that a change in the MLg(f )-mN relation is
conclusive evidence for a change in the mN -MW relation. However, these results
urge the use of caution in applying a single conversion constant for data amassed over
several decades and raise the issue whether there may be similar time dependencies
for other magnitude relations and in other regions.

Regional Study of Fourier Amplitude Drop of Lg-Wave Acceleration in Central
United States
CHAPMAN, M. C., Virginia Tech, Blacksburg, VA, mcc@vt.edu; PEZESHK,
S., University of Memphis, Memphis, TN, spezeshk@memphis.edu;
HOSSEINI, M.,University ofMemphis,Memphis, TN, shsseini@memphis.edu;
CONN, A., Virginia Tech, Blacksburg, VA, aconn31@vt.edu

The purpose of this study is to use a set of broadband data from the EarthScope
Transportable Array (TA) stations to constrain the geometrical spreading and the
Q-factor. During 2010 2011 the EarthScope TA recorded abundant data from
swarms of small-to-moderate-sized earthquakes in Arkansas, Oklahoma, and Texas.
The EarthScope TA has provided important new data to study path attenuation
in the central and eastern United States. There are a large number of seismograms
with interstation distances of about 70 km and such data are used in this study to
estimate the seismic attenuation observed from the drop in the Fourier amplitude
of the recorded accelerograms.

The objective of this study is to identify regions of the central United States
that exhibit distinctive S-Lg wave propagation. Data from distances up to 1000 km
from the earthquake source are considered in order to quantify regional differences
for geometric spreading and theQ factor, specifically as associatedwith the Lg phase
in the mid-continent and Gulf Coastal regions.

High-Resolution Aeromagnetic Data Illuminate Crustal Structure Associated
with the NewMadrid Seismic Zone, Missouri and Arkansas
BLAKELY, R. J., U.S. Geological Survey, Menlo Park, CA, blakely@usgs.gov;
WILLIAMS, R. A., U.S. Geological Survey, Golden, CO, rawilliams@usgs.gov;
SHAH,A.K.,U.S.GeologicalSurvey,Denver,CO,ashah@usgs.gov; SHERROD,
B. L., U.S. Geological Survey, Seattle, WA, bsherrod@usgs.gov; WEAVER, C. S.,
U.S. Geological Survey, Seattle, WA, craig@usgs.gov

In 2013, the U.S. Geological Survey completed a high-resolution aeromagnetic
survey in the New Madrid seismic zone (NMSZ). Our goal was to map
and characterize crustal structure and contribute to ongoing earthquake-hazard
investigations. The survey was flown along NW-directed flight lines spaced 400 m
apart at a height of 200mabove ground.The survey spansCrowley’sRidge, theNW
margin of the Reelfoot rift, and the southern arm of the NMSZ, and was designed
to overlap a high-resolution LiDAR survey completed in 2012 to allow for cross-
comparison of features found on both datasets. Power lines, pipelines, and town
infrastructure dominate parts of the survey but their anomalieswere attenuatedwith
matched-filter analysis. The remaining crustal magnetic field is remarkably smooth,
reflecting very lowmagnetizations of near-surface rocks and deposits. Nevertheless,
aggressive data processing allowed us to illuminate detailed near-surface (upper 2
km) crustal features apparently at the top of Precambrian basement northwest of
and mostly striking parallel to the Reelfoot rift NWmargin. The most prominent
of these anomalies corresponds with the Commerce geophysical lineament. Other
shallow anomalies indicate basement structure and/or contacts. One of these strikes
NE, crosses the entire survey (41 km), and corresponds with an alignment of three
LiDAR topographic scarps interpreted as tectonic in origin but not associated with
earthquakes in themodern record. Themagnetic survey found no evidence of near-
surface faults directly responsible for ongoing seismicity in the southern arm of the
NMSZ. Various explanations are possible: (1) Near-surface lithologies in this part
of the Reelfoot rift may be virtually nonmagnetic. (2) Faults in the southern arm of
the NMSZ do not juxtapose lithologies with contrasting magnetic properties. (3)
The southern arm of theNMSZ is short-lived, with insufficient time to accumulate
discernible slip on individual faults.
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Relative Locations of Earthquakes and Potential Driving Mechanisms of
Seismicity Along the Northeast U.S. Atlantic Passive Margin
NAPOLI, V. J., BostonCollege, ChestnutHill,MA,napoliv@bc.edu; EBEL, J. E.,
Weston Observatory, Boston College, Weston, MA, ebel@bc.edu

Understanding the possibility of a large magnitude, tsunamigenic earthquake along
the continental shelf break of a passive margin is important as events similar to the
1929 M7.2 Grand Banks earthquake can unexpectedly devastate coastline towns.
The tsunamigenic Grand Banks event raises the question, what is the potential for
such an event to occur along other parts of the northeastAtlanticmargin?Moderate
seismicity has been observed near the continental shelf break east of the Gulf of
Maine (∼1000km southwest of the Grand Banks event). From 2008 2013 there
were 16 earthquakes ranging in magnitude from 2.0 3.9 along the Gulf of Maine
continental shelf break, with 10 of the earthquakes occurring on 12 April 2012.
This research focuses on identifying the spatial and temporal migration patterns
of these earthquakes calculated using a double-difference relative location analysis.
In this procedure two waveforms are cross-correlated to determine the difference
of arrival times of the P-waves and of the S-waves. The program then calculates
the location of one event relative to another based on these differences in arrival
times. The data show that generally as the earthquakes occurred further northwest
they also happened deeper in the crust. Plotting the relative longitude versus relative
latitude versus relative depth shows that the earthquakes map out a planar surface.
If the events occurred on a single fault, then the preliminary interpretation of that
fault is the strike is in the range from N60◦E to N66◦E, the dip is in the range
from 23◦ 27.5◦ and the faults total extent is ∼2.4km by ∼2.7km. If this entire
area ruptured in one earthquake, the event would be about a magnitude 5.0. The
seismic hazard in theGulf ofMaine regionwill be better constrainedwith continued
research on focal mechanisms of the 2012 events and by comparing the results of
the locations and magnitudes of the 2012 events to those of the 1929 tsunamigenic
Grand Banks event.

Recent Earthquakes in the Central and Eastern U.S. Prompt Variable
Responses to Reduce Future Earthquake Losses
WILLIAMS, R. A., U.S. Geological Survey, Golden, CO, rawilliams@usgs.gov

The increase in earthquakes in the Central and Eastern U.S. over the last four years,
including the events in central Virginia (M5.8) and central Oklahoma (M5.6),
caused alarm and significant losses in some cases (Virginia earthquake: about $200
million; Oklahoma earthquake: about $3 5 million), but no loss of life. This part
of theU.S. is not accustomed to strong and damaging earthquakes. There has been a
variety of State, Federal, andprivate entity responses to these earthquakes in terms of
rebuilding structures, buildingcodechanges, andcalls for citizens toaddearthquakes
to their list of natural disaster preparedness. Long-lived swarms of small magnitude
felt earthquakes in Texas and Oklahoma, many occurring in areas that have been
historically aseismic, have also caused concern among local citizens, prompted
community meetings, and led to an unprecedented call in 2013 by the Oklahoma
State Insurance Commissioner for citizens to purchase earthquake insurance.

TheM5.82011CentralVirginia earthquake, located about120kmsouthwest
of Washington D.C., damaged several iconic structures in D.C. including, for
example, the 170-m tall unreinforced masonry (URM) Washington Monument,
the 100-m high URM National Cathedral, and Smithsonian Castle. Damage to
these structures included cracking and spalling of structural stone and toppling
of decorative stone masonry elements. Repairs to the National Cathedral (about
$26 million) will include significant seismic strengthening upgrades while the
Washington Monument (repairs about $15 million) will receive minor seismic
upgrades. Shaking from the 2011 M5.6 Oklahoma earthquake caused about $1
million damage to a 100-year-old brick building on the St. Gregory’s University
campus inShawnee,Oklahoma.Repairs to this structure involved significant seismic
upgrades to the iconic turret features that are intended to improve the life-safety
performance of this building in future earthquakes.

NewDirections in PSHA: Ins, Outs, and Uncertainty
Oral Session · Friday · 1:30 PM · 2May · Room 2 Session
Chairs: Peter Powers, MorganMoschetti and Ned Field

Incorporating Time Dependence in PSHA in the (Near) Absence of Data
BIASI, G., University of Nevada Reno, Reno, NV, glenn@seismo.unr.
edu; THOMPSON, S., Lettis Consultants International, Walnut Creek,
CA, thompson@lettisci.com; ABRAMSONWARD, H., Lettis Consultants
International, Walnut Creek, CA, hans@lettisci.com; ABRAHAMSON, N.,
Pacific Gas and Electric Company, San Francisco, CA, NAA2@pge.com;
HANSON, K., AMEC, Ely, MN, kathryn.hanson@amec.com; LETTIS, W.,

Lettis Consultants International, Walnut Creek, CA, lettis@lettisci.com;
CASKEY, J., San Francisco State University, San Francisco, CA, caskey@sfsu.
edu; GREGOR, N., Bechtel, San Francisco, CA, nick@ngregor.com

Recentwork toupdate the seismic source characterization(SSC) forPG&E’sDiablo
Canyon Power Plant (DCPP) has highlighted the potential for traditional PSHA
practice to understate uncertainty in seismic hazard where a Poisson (random in
time) recurrence model is assumed. The Poisson model is commonly used where
little is known about fault recurrence rates or time since the most recent events
(MREs) because of its simplicity and its association through information theory
with being least prescriptive. On the other hand, paleoseismic studies in California
andNewZealand showrecurrence coefficientsof variation (CV) smaller thanwould
be predicted by a random-in-timemodel andmore consistent with a renewal model
and some form of time dependence. If faults near DCPP behave similarly, their
hazard could be lower or higher than the long-term average depending on time since
the MREs. An initial sensitivity analysis shows that recurrence model uncertainty
on fault sources is amajor contributor to SSCuncertainty forDCPP. The challenge
for the DCPP SSC update is to incorporate uncertainty in earthquake recurrence
models for its nearby fault sources givenvery little concrete informationonpast large
earthquakes aside from their absence in the historical record. Our approach is to
incorporate earthquake recurrence as epistemic (model)uncertaintyon fault sources
with alternative branches for aPoissonprocess and timedependent hazard expressed
as multiples of the equivalent Poisson rate. The alternative branches are formed by
considering functional forms of earthquake recurrence, CV values informed from
empirical data, limited fault-specificdataon timingofpast earthquakes, andwhether
the faults are early or late in their cycle.

Computing Elastic-Rebound-Motivated Earthquake Probabilities in Un-
segmented Fault Models The UCERF3 Methodology Supported by Physics-
based Simulators
FIELD, E. H., USGS, Golden, CO, field@usgs.gov

Amethodology is presented for computing elastic-rebound-basedprobabilities in an
un-segmented fault or fault system, which involves computing along-fault averages
of renewal-model parameters. The approach is less biased and more self-consistent
than a logical extension of that applied most recently to multi-segment ruptures
in California. It also enables the application of magnitude-dependent aperiodicity
values, which the previous approach does not. Monte Carlo simulations are used to
analyze long-term system behavior, which is found to be generally consistent with
that of physics-based earthquake simulators. Results cast doubt that recurrence-
interval distributions at points on faults look anything like traditionally applied
renewal models, a fact that should be considered when interpreting paleoseismic
data. We avoid such assumptions by changing the ‘probability of what’ question
(from slip at a point to the occurrence of a rupture, assuming it is the next event to
occur). The newmethodology is simple, although not perfect in terms of recovering
long-term rates in Monte Carlo simulations. It represents a reasonable, improved
way to represent first-order elastic-rebound predictability, assuming it is there in the
first place, and for a system that clearly exhibits other complexities like aftershock
triggering.

HowWeCanCombine Epidemic TypeAftershockSequences (ETAS) and Finite
Source Rupture Models?
SEGOU,M. S., GeoAzur-CNRS, Valbonne, France, segou@geoazur.unice.fr

Epidemic Type Aftershock Sequences (ETAS) represent a point process model
in which future triggered events (children) are expected to occur at a given time
and location, controlled only from previously observed events (parents events).
These statistical forecast models are earthquake-catalog based, without including
any information related with the physical mechanism of earthquake nucleation and
triggering.However, assuming that a significant earthquake such as the Loma Prieta
M=6.9 or the LandersM=7.3 is a point-process has obvious biases since it involves
fault rupture along a 40 and 80 km fault, respectively. Finite fault source models
are now routinely developed for major earthquakes with magnitude greater than
6.5 based on geodetic, seismic and strongmotion data and they are usually available
within fewdays after themainshock. In this study I combine theUniformCalifornia
Earthquake Rupture Forecast (UCERF) generic ETASmodel for California, based
on themodern instrumental catalog withM greater thanM=2.5, with the available
finite source models of the 1989 Loma Prieta and 1992 Landers events. I compare
the forecasted seismicity rates between the ETAS, the hybrid Finite Source ETAS
(f-ETAS) models and the observed seismicity for the first 100 days following each
mainshock. I assess possible sources of uncertainty for the f-ETAS model and test
for the spatial consistency of the forecast models using log-likelihood statistics. The
results support that the f-ETAS models present an improved spatial consistency
along the rupture plane. Finally, I focus on a comparison between three statistical
ETASmodels (generic, sequence specific and the f-ETASmodel) and their physics-
based (Coulomb Rate/State) counterpart developed using the best available source
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model for Loma Prieta earthquake. For operational forecast purposes the f-ETAS
model could improve our short-term predictability depending on the availability
and the quality of the source model.

Probabilistic Seismic Hazard Analysis Using the Single Station Sigma
Concept: Application to a New Nuclear Site
RODRIGUEZ-MAREK, A., Virginia Tech, Blacksburg, VA, adrianrm@vt.edu;
RATHJE,E.M.,University ofTexas atAustin,Austin,TX,e.rathje@mail.utexas.
edu; BOMMER, J. J., Imperial College London, London, United Kingdom, j.
bommer@imperial.ac.uk; SCHERBAUM, F., University of Potsdam, Potsdam-
Golm, Germany, frank.scherbaum@geo.uni-potsdam.de; STAFFORD, P. J.,
Imperial College London, London, United Kingdom, p.stafford@imperial.
ac.uk

A key component of probabilistic seismic hazard analysis (PSHA) is the
quantification of aleatoric variability (e.g., the standard deviation of groundmotion
prediction equation). The large availability of ground motion data in recent years
has allowed for significant improvements in the way that uncertainty is quantified.
In particular, dense ground motion networks allow for the separation of the
contributions of source and site effects to total standard deviation. Single station
sigma is the standarddeviationthat resultswhenthesite-to-sitevariability is removed
from the total aleatoric variability. This reduction in aleatoric variability is justified
only if the site term (i.e., the repeatable site effects) and its epistemic uncertainty
are estimated at the site under analysis and incorporated into the PSHA. Hence,
the concept of single-station sigma implies shifting the site term variability from
aleatoric variability to epistemic uncertainty. The use of single-station sigma in
PSHA has constituted one of the most significant advances in hazard analyses
in the last decade. The single-station sigma concept was applied for a new-build
nuclear power site in South Africa. The absence of recordings at the site implied
the need to estimate the site term using analytical methods. This estimate included
two equally important parts: accounting for the deep crustal response and damping
(through Vs-kappa adjustments of the ground motion prediction equations used
in the hazard analyses), and the response of the near-surface geological deposits.
Recordings of smallmagnitude earthquakes at analog sites were used to quantify the
damping (i.e., kappa) at the site, and an extensive site investigation was undertaken
to obtain the shear wave velocity of the near-surface deposits. The analyses included
a proper accounting of all sources of uncertainty to properly quantify the epistemic
uncertainty on the site term.

Using the Averaging-Based Factorization to Assess Low Frequency (< 0.5 Hz)
CyberShake Hazard Models
WANG, F.,AIRWorldwide,Boston,MA, fwang@air-worldwide.com; JORDAN,
T. H., University of Southern California, Los Angeles, CA, tjordan@usc.edu;
CALLAGHAN, S., Southern California Earthquake Center, Los Angeles, CA,
scottcal@usc.edu; GRAVES, R. W., United States Geological Survey, Pasadena,
CA, rwgraves@usgs.gov; OLSEN, K. B., San Diego State University, San
Diego, CA, kbolsen@mail.sdsu.edu; MAECHLING, P., Southern California
Earthquake Center, Los Angeles, CA,maechlin@usc.edu

The SCECCyberShake project combines stochastic models of finite-fault ruptures
with 3D ground motion simulations to compute seismic hazards in Southern
California. The firstCyberShake hazardmodel (Graves et al., 2011) used theGraves
& Pitarka (2004) rupture model (GP-04) and the Kohler et al. (2004) community
velocity model (CVM-S). We have recently extended the CyberShake calculations
to include theGraves&Pitarka (2010) rupturemodel (GP-10), which increases the
rupture complexity relative toGP-04, andtheShawetal. (2011)communityvelocity
model (CVM-H), which features different basin structures than CVM-S. Here we
apply the averaging-based factorization (ABF) technique to compare CyberShake
models and assess their consistency with the Next Generation Attenuation (NGA)
models. ABF uses a hierarchical averaging scheme to separate the shaking intensities
for large ensembles of earthquakes into relative (dimensionless) excitation fields
representing site, path, directivity, and source-complexity effects, and it provides
quantitative, map-based comparisons betweenmodels. The CyberShake directivity
effects are generally larger than predicted by the Spudich & Chiou (2008) NGA
directivity factor, but those calculated from the GP-10 sources are a factor of two
smaller than those ofGP-04, owing to the greater incoherence of thewavefields from
themore complex rupturemodels. TheCyberShake basin effects are generally larger
than those from the three NGAmodels that provide basin-effect factors. However,
the basin excitation calculated from CVM-H is smaller than from CVM-S, and
shows stronger frequency dependence, primarily because the horizontal dimensions
of the basins are much larger in CVM-H. The NGA model of Abrahamson &
Silva (2008) is the most consistent with the CyberShake CVM-H calculations,
with a basin-effect correlation factor greater than 0.9 across the frequency band
0.1 0.3 Hz.

Visualizing the Range of Epistemic Uncertainty of GMPEs
KUEHN, N. M., PEER, UC Berkeley, Berkeley, CA, kuehn@berkeley.edu;
GIANNIOTIS, N., University of Potsdam, Potsdam, Germany, nikolaos.
gianniotis@geo.uni-potsdam.de; SCHERBAUM, F., University of Potsdam,
Potsdam, Germany, fs@geo.uni-potsdam.de; ABRAHAMSON, N., UC
Berkeley, Berkeley, CA, abrahamson@berkeley.edu

The accurate description of epistemic uncertainty is a key aspect in probabilistic
seismic hazard analysis. This applies in particular to the ground-motion part, as
the use of different ground-motion prediction equations (GMPEs) can lead to
very different results for low exceedance frequencies. To account for epistemic
uncertainty, different models are combined in a logic-tree framework. In order to
capture the full range of epistemic uncertainty, it is important to include models
that are sufficiently different from each other on the other hand, they should not
overestimate the uncertainty. However, it is difficult for a human expert to fully
appreciate thedifferences betweenmodels theymay vary in various aspects, such as
theirmagnitude and/ordistance scaling.Buildingupon theworkofScherbaumet al.
(2010), we show how it is possible to examine all models as a whole by visualizing
them in a low (two or three) dimensional space. Therefore, we evaluate different
GMPEs at different values values of their predictor variables such as magnitude
and distance, which creates a point in a high-dimensional space for each model.
The models are then projected down to two or three dimensions, retaining their
relative alignment in the high-dimensionsal space. By including reference models
with known differences between them, directions in the low-dimensional space can
be identified in which the magnitude and distance scaling of the models change.
To facilitate a physical understanding, the GMPEs are projected together with
simulations of the point source stochastic model at different parameter values of e.
g. stress drop, kappa and others. Changes of the physical parameters occur along
specific directions in the low-dimensional space, which allows to assess relative
physical differences between the GMPEs. Together with the distribution of the
GMPEs in the low-dimensional space, this information allows to assess the range of
their epistemic uncertainty.

Comparison of Epistemic Uncertainty in Hazard in California betweenUCERF2
and UCERF3
SHOME, N., Risk Management Solutions, Inc., Newark, CA, nilesh.shome@
gmail.com; POWERS, P. M., USGS, Golden, CO, pmpowers@usgs.gov;
PETERSEN,M. D., USGS, Golden, CO,mpetersen@usgs.gov

The National Seismic Hazard Mapping project develops time-independent mean
hazard curves for use in building codes and other applications. The development
of the hazard map includes both aleatory and epistemic uncertainty. Epistemic
uncertainty is captured by a range of model parameters (e.g., the range of maximum
magnitudes for gridded seismicity sources), multiple expert interpretations (e.g.,
different moment-area relationships), and statistical uncertainty (e.g., recurrence
rate). These uncertainties are represented via logic trees and associated branch
weights.Hazard calculations are performed for each logic-tree branch and themean
hazard curve is computed from the weighted combination of all branches. The
variation in the results from each of the branches defines the epistemic uncertainty
in seismic hazard. With the release of the third version of the Uniform California
Earthquake Rupture Forecast (UCERF3) the number of logic tree branches has
increased from 480 in UCERF2 (2007) to 1440 in UCERF3 (2013), thereby
broadening the epistemic uncertainty in the seismic hazard. In this study, we
compare the uncertainty in the seismic hazard based on UCERF2 and UCERF3
for a few sites in California. The results from UCERF2 consider the three
ground motion prediction equations (GMPEs) fromNGA-West1 (2008), whereas
those for UCERF3 models consider the five GMPEs from NGA-West2 (2013).
This contributes to greater uncertainty in the hazard results based on UCERF3.
Although we consider epistemic uncertainty in long-term earthquake rates, we do
not consider that associated with short-term recurrence rates and a time-dependent
model.

Testing for Ontological Errors in Probabilistic Seismic Hazard Models
JORDAN, T. H., University of Southern California, Los Angeles, CA, tjordan@
usc.edu; MARZOCCHI, W., Istituto Nazionale di Geofisica e Vulcanologia,
Rome, Italy

Models used in probabilistic seismic hazard analysis (PSHA) comprise two types
of uncertainty, aleatory variability describing the intrinsic randomness of the
earthquake-generating system, and epistemic uncertainty characterizing our lack of
knowledge about the system. Prospective testing evaluates howwell a PSHAmodel
forecasts new observations. Model rejection exposes ‘unknown unknowns’; i.e.,
ontological errors in the representationof the systemand its uncertainties.Weclarify
the conceptual issues associated with the testing of PSHA models for ontological
errors in the presence of aleatory variability and epistemic uncertainty. Among
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the concerns is the use of expert opinion to characterize epistemic uncertainties;
many have argued that such personal degrees of belief cannot be measured and, by
implication, cannot be tested. We show that testability of the ontological (null)
hypothesis derives from an experimental concept, external to the model, that
identifies sets of data judged to be exchangeable under the experimental conditions.
Exchangeable data are realizations of random variables whose joint probability
distribution,whenconditionedontheexplanatoryvariables, is invariantwithrespect
to permutations in data ordering. Exchangeable data can therefore be modeled as i.
i.d. random variables with a well-defined frequency of occurrence. Exchangeability
judgments play a key role in our theory because they formalize the concepts of
aleatory variability and epistemic uncertainty, and they set up an error-statistical
regime for ontological testing based on prior predictive p-values, which involves
an interesting interplay between Bayesian and frequentist methods. We illustrate
PSHA testing regimes with some simple examples of experimental concepts, andwe
show how proper accounting for epistemic uncertainties avoids incorrect inferences
and inapt comparisons found in the recent literature.

Effects of Various Declustering and Smoothing Methods on Earthquake
Catalogs and Consequences for Seismic Hazard and Seismic Risk in New
Zealand
APEL, E. V., Risk Management Solutions, Newark, CA, trey.apel@rms.com;
NYST, M.,

We apply different declustering methods, temporal completeness estimates, and
smoothing techniques to the New Zealand earthquake catalog to estimate regional
seismicity rate changes and the consequent impact on earthquake hazard and risk in
the area.We explore the sensitivity of the declustering parameters (e.g. Reasenberg,
1985) as well as the variable magnitude and time windows (e.g. Gardner and
Knopoff, 1974) on themagnitude-frequency relationships derived fromdeclustered
catalogs for the background zones inNewZealand. In addition, we test the effect of
temporal completeness interval estimates and smoothing methods.We incorporate
background rate estimates from the full catalog and compare themwith the range of
backgroundrates fromallof thedeclustering, completeness, andsmoothingmethods
to our hazard model. We then compare a suite of metrics between the full catalog
rates and the models with different rates to assess 1) the impact on hazard and risk
and 2) the epistemic uncertainty associated with the range of catalog declustering
and smoothing techniques. In areas where the seismic hazard is dominated by
larger crustal faults (e.g. Wellington) the choice of declustering and smoothing
methods has little to no impact on the hazard or risk. However, in areas like
Auckland where the background zone contribution to the seismic hazard is greater,
the choice of techniques is more significant (Christophersen et al., 2011).However,
the impact of the seismic risk is less significant due to the lower estimated ground
motions.

The Global Earthquake Activity Model: What it is, What it can do, and How it
Can Be Tested
JACKSON, D. D., UCLA, Los Angeles, CA, david.d.jackson@ucla.edu; BIRD,
G. P., UCLA, Los Angeles, CA, pbird@epss.ucla.edu; KAGAN, Y. Y., UCLA,
Los Angeles, CA, kagan@moho.ess.ucla.edu; KREEMER, C., University of
Nevada, Reno, Reno, NV, kreemer@unr.edu; STEIN, R., USGS, Menlo Park,
CA, rstein357@gmail.com

Scientists from UCLA, UNR, USGS, the Global Earthquake Model project
(GEM), and the Collaboratory for Study of Earthquake Predictability (CSEP)
are collaborating to construct and test a fully global estimate of earthquake
rates as a function of magnitude at 0.1 by 0.1 degree resolution. The model,
nicknamed GEAR, is based on instrumental earthquake catalogs and a global
strain rate model (GSRM). GEAR covers the magnitude range 5.8 and above
and includes focal mechanism estimates with their uncertainty.The strain-rate
component provides temporal stability and spatially continuous deformation rates,
while the seismicity component allows the forecast to evolve slowly.Thenormalized
magnitudedistribution ineachcellwill be a taperedGutenberg-Richterdistribution,
or weighted sum of those, with b-values and corner magnitudes determined by a
very limited number of global parameters. The seismic and strain-rate components
of themodel are specified separately and then combined optimally to fit earthquake
occurrence over the last several years. Because it forecasts epicenters rather than
ruptures, it can easily be tested using likelihood scores and other methods currently
employed by CSEP. Because of its simplicity, GEAR can serve as a well-vetted
reference model for studies with more complex behavior, and it can also serve as a
null-hypothesis against which more complex models can be tested. Because of its
high spatial resolution, GEAR can be compared with detailed regional models as
well. By comparing GEAR with alternate models, we can address some enduring
scientific questions: Do really large earthquakes come from a difference population
from smaller ones? Do large earthquakes cluster, or do they consume enough strain

energy to prevent future ones? Are the factors that control earthquake statistics
relatively uniform, and highly variable from region to region?

Seismic Location and Processing Techniques
Oral Session · Friday · 8:30 AM · 2May · Room 3 Session
Chairs:

Hypocentral Relocations Aided by Virtual Receivers Constructed via Seismic
Interferometry
HOROWITZ, F. G.,CornellUniversity, Ithaca,NY, frank.horowitz@cornell.edu

A 3D elastic wave propagation program[1] was used to investigate whether the
technique of[2] can improve hypocentric relocations by employing virtual receivers
(VRs) near a cloud of microearthquakes.

The VR technique can be loosely described as a ‘‘dual’’ of the ambient noise
technique from seismic interferometry replacing noise sources on the boundary of
a region of interest with physical receivers. Seismograms from events in the interior
of the region of interest can be cross-correlated and integrated over all boundary
receivers to estimate a seismogram from one of the interior events as if it were
recorded at the location of another interior event.

Unlike ambient noise interferometry, where raypaths from all directions
impinge on the region of interest, VR raypath directions are constrained by the
location of the physical receiver array. Hence, approximating the surface integral
plays a large role in the practical success of the technique. Fortunately, stationary-
phase arguments suggest that only a fewphysical receivers nearby the interior-source
to virtual-receiver ray direction suffice to reconstruct the seismogram[2].

Arrival time error statistics and relocations of perturbed synthetic hypocenters
using virtual receiver arrivals will be shown at the meeting. Improved performance
in hypocc[3] by replacing the embedded LSQR solver with LSMR[4] will also
be discussed.

References:
[1] Petersson, N. A., & Sjogreen, B. (2011). User’s guide to WPP version

2.1.5. LL Nat’l Lab.
[2] Curtis, A., Nicolson, H., Halliday, D., Trampert, J., & Baptie, B. (2009).

Virtual seismometers in the subsurface of the Earth from seismic interferometry.
Nature Geosci., 2 (10), 700 704.

[3] Foulger, G. R., & Julian, B. R. (2013). Seismological software for
geothermal monitoring. SGP-TR-198. Stanford University.

[4] Fong, D. C., & Saunders, M. (2011). LSMR: An iterative algorithm for
sparse Least-Squares problems. SIAM Journal on Scientific Computing, 33 (5),
2950 2971.

Real-time Automatic Detectors of P and S Waves Using Singular Value
Decomposition
KURZON, I., Geological Survey of Israel, Jerusalem, Israel, ittaik@gsi.gov.il;
VERNON, F. L., University of California, San Diego, La Jolla, CA, flvernon@
ucsd.edu; ROSENBERGER, A., Pacific Geoscience Center, Geological Survey of
Canada, Sidney, BC, Canada, andreas@arescon.com; BEN-ZION, Y., University
of Southern California, Los Angeles, CA, benzion@usc.edu

We implement a new method for automatic detection of P and S phases using
Singular Value Decomposition (SVD) analysis. The method is based on a real-
time iteration algorithm of Rosenberger (2010) for the SVD of three component
seismograms. The algorithm identifies the incidence angle by applying SVD and
separates the waveforms into their P and S components.We apply the algorithm on
filtered waveforms and then either set detectors on the incidence angle and singular
values, or apply Signal-to-Noise Ratio (SNR) detectors for P and S picking on the
filtered and SVD-separated channels. A recent deployment in the San Jacinto Fault
Zone area provides a very dense seismic network for testing the detection algorithm
in diverse setting, including events with different source mechanisms, stations with
different site characteristics, and ray paths that diverge from the approximation
used in the SVD algorithm. A Butterworth band-pass filter of 2 30 Hz gives the
best performance in a large variety of events and stations. We tested the SVD
detectors on many events and present results from one of the most complex and
intense aftershock sequence of the MW 5.2 June 2005 event. This sequence was
thoroughly reviewed by several analysts, identifying 294 events in the first hour,
located in a dense cluster around the main shock. We used this dataset to fine-tune
the automatic SVD detection, association and location, reaching a 37% automatic
identification and location of events. All detected events fall within the dense cluster
and there are no false events. An ordinary SNR detector does not exceed the 11%
success and has a wider spread of locations (not within the reviewed cluster). One
of the main advantages of the SVD detectors is the pre-knowledge of the phases
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picked (P or S), reducing significantly the noise created by ordinary ‘blind’ SNR
detectors.

The Effects of Measurement Uncertainties on the Estimation of Seismic
Gradients
POPPELIERS, C.,Georgia RegentsUniversity, Augusta,GA, cpoppeli@gru.edu;
JOHNSON,C. E.,GeorgiaRegentsUniversity, Augusta,GA, cjohn102@gru.edu

Estimating the spatial gradients of a seismic wavefield has applications in seismic
strain estimations, rotational motion estimates, and seismic gradiometry. Typically,
seismic gradients are estimated using a small-scale seismic array of well-calibrated
instruments torecordthewavefield.Thearray stationsoccupydiscretecoordinates in
some sort of finite element grid and the spatial derivatives are estimated numerically.
It’s well known that the nominal aperture of the array must be smaller than 0.1
wavelengths to avoid numerical artifacts with estimating the spatial derivatives of
the wavefield. However, there is little known regarding the minimum aperture of
an array for reliable gradient estimation. Specifically, we can show that for given
uncertainties in station coordinates and/or amplitude response, the uncertainties
in the gradients are inversely proportional to array aperture. Our primary goal for
the work shown here was to quantify this phenomenon. Our secondary goal was
to devise a way to construct confidence intervals for the estimated spatial gradients.
We perform a series of Monte Carlo simulations on synthetic array data to find an
optimal array aperture that minimizes the uncertainty in the computed gradients
(andattributesderived fromthem)foragivenamountofmeasurementuncertainties.
We then analyze actual seismic data from a high-frequency seismic array as well as
a broadband seismic array. Both of these arrays were constructed specifically to
estimate seismic gradients. By choosing specific stations within each array, we are
able to vary the nominal aperture of the arrays between 0.01 and 0.1 wavelengths.
We then compare our simulations with our actual data, and compute confidence
intervals.

Doing More with Short Period Data: Using Coda Envelopes to Estimate
Magnitudes for Clipped and Over-Run Earthquakes
WELLIK, J. J., Michigan Technological U., Houghton, MI; MCCAUSLAND,
W.ID-USGS VDAP, Vancouver, WA; WAITE, G. P., Michigan Technological U.,
Houghton, MI

One critical piece of information that seismologists try to ascertain during volcanic
unrest is the total seismic energy release and its rate of increase. Seismic energy
release is determined by summing earthquakemagnitudes and is related to processes
such as the volume and rate of intrusion or dome growth. Calculating earthquake
magnitudes is a relatively straightforward process when seismograms are ‘clean,’ i.
e. the signal is neither clipped nor over-run by ensuing events. It becomes more
difficult to calculate magnitudes, however, when intense swarms produce events
that saturate the signal and/or overlap the coda of previous events. Through an
iterative process of downsampling and smoothing seismograms, I developed a
methodology to draw ‘envelopes’ that reliably characterize the unique shape of
high frequency, low frequency, and hybrid events. The methodology is developed
with data from the 2004 2008 eruption of Mount St. Helens. The combination of
a well-documented seismic network and a well-documented eruption makes these
data ideal forcalibratingautomatedeventanalysis algorithms.The local andduration
magnitudes calculated from these envelopes, which are drawn to preservemaximum
amplitude and coda duration, are calibrated against PNSN analysts’ picks to ensure
reliability and accuracy. Moreover, the envelope’s generalized shape allows it to be
matched to partial envelopes for signals that are clipped and/or over-run. In doing
so, the procedure of analyzing envelopes to determine event magnitude allows for
more reliable quantification of seismic energy release during seismic episodes that
are too intense for the installed network. The methodology is designed to be easily
transportable from instrument to instrument and network to network. It has direct
applicability towards volcanoes with limited networks where quick deployment of
additional instrumentation is not a feasible way to get more information during
intensifying periods of activity.

Identification and Extraction of Surface Waves from 3-Component
Seismograms based on the ‘Normalized Inner Product’
MEZA-FAJARDO, K. C., Universidad Nacional Autonoma de Honduras,
Tegucigalpa, Honduras; PAPAGEORGIOU, A. S., University of Patras, Patras,
Greece; SEMBLAT, J. F., Universite Paris-Est, IFSTTAR, Marne la Vallee, France

Identification of different wave types in a seismogram is an important step for
the understanding of wave propagation phenomena. Since in most seismograms,
different types of waves with different frequencies may appear simultaneously,
separation of waves is more effectively achieved when a time-frequency analysis is
performed. In this work, we propose a new time-frequency analysis procedure to
identify and extract Rayleigh and Love waves from three-component seismograms.

We adopt the Stockwell Transform for the mapping between time and time-
frequency domains, because 1) we retain the absolute phase of each localized
frequency component, 2) its invertibility allows for the wave extraction by simple
filtering in the time-frequency domain. Exploiting the advantage of the absolute
phase preservation by the Stockwell Transform, we then construct time-frequency
filters to extract waves based on the ‘Normalized Inner Product’ (NIP). Since the
NIP is the time-frequency counterpart of the correlation, Rayleigh and Love waves
can be identified depending on the NIP between the Stockwell Transforms of the
horizontal and vertical displacement components. The novelty and advantage of the
proposed procedure is that it does not require making any assumptions regarding
the direction of propagation of the surface waves, but in fact such direction is a
byproduct. Furthermore, it is shown that the NIP is a more stable parameter in the
time-frequency domain when compared to the instantaneous reciprocal ellipticity,
and thus it avoids smoothing (andwith it, altering) thedata.Theprocedurehas been
successfully tested with real signals, in particular to extract Rayleigh and Love waves
from seismograms of one aftershock of the 1999 Chi-Chi earthquake recorded on
theWest Coastal Plain in Taiwan.With the proposed procedure we found different
directions of propagation for retrograde and prograde Rayleigh waves, whichmight
suggest they are generated by different mechanisms.

Recent Advances and Findings in Earthquake Geology and
Paleoseismology
Oral Session · Friday · 10:45 AM · 2May · Room 3 Session
Chairs: Scott Bennett and Christopher DuRoss

Third Generation Paleoseismology: Clustering, Segmentation, Supercycles
and Paleo Slip Models
GOLDFINGER, C.,Oregon StateUniversity, Corvallis, OR, gold@oce.orst.edu

Thirdgenerationpaleoseismology ismovingbeyondevent identificationanddating,
and to some extent beyond simply establishing long recurrence statistics. Long
and detailed paleoseismic records afford uncommon opportunities to examine
recurrence models, clustering, segmentation, interaction with other faults, long
term strain history and paleo slip characteristics. A 10,000 year onshore-offshore
record in Cascadia and a 16,000 year marine record at the Hikurangi margin have
identified periods of clustering and quiescence in the record. In Cascadia, clusters
of 4 5 events, with gaps of 700 1200 years between clusters are unlikely to be
randomly generated. In Cascadia, a pattern of decreasing recurrence time in at least
four segments southward, from∼500 530 years in the north, to∼240 years or less
in the south, consistent with geologic structural barriers. Long turbidite records for
Cascadia and the Northern San Andreas Fault suggest that these two faults have
virtually the same average recurrence interval through the Holocene, and may have
a stress transfer relationship across the triple junction. Paleoseismology is beginning
to reveal information about magnitudes and has potential to reveal slip patterns
of paleoearthquakes. Finally, energy in plate boundary fault zones may have long
term cycling involving many seismic cycles. Several lines of evidence, both direct
and indirect suggest that the connection between interevent time and earthquake
magnitude, and models predicated on this relationship, may be relatively weak. In
Sumatra, precisely dated coral evidence has illuminated long term energy cycling
of the central Sumatran margin. In Cascadia, similar cycling is apparent based
on balancing consistent records of turbidite mass (energy release) against plate
convergence (energy gain). Long-term cycling may explain mismatches between
deformation models based on interevent times in the last 4600 years and coastal
paleoseismic data.

A 3D Marine Paleoseismology Investigation Offshore South Central Coastal
California
NISHENKO, S. P., Pacific Gas and Electric Company, San Francisco, CA,
spn3@pge.com; GREENE, H. G., Moss Landing Marine Laboratories, Moss
Landing, CA; HOGAN, P., Fugro, Inc., Ventura, CA; ABRAMSONWARD, H.,
Lettis Consultants International Inc, Walnut Creek, CA

As part of the Central Coastal California Seismic Imaging Project, high-resolution
marine seismic-reflection data were acquired offshore south central coastal
California in 2011 and 2012. These data were collected using a high-resolution
3D Low Energy Seismic Survey (LESS) system consisting of a PCable with 14
hydrophone streamers and a 3-plate boomer acoustic source. The LESS data were
collected in three survey areas, San Luis Obispo Bay, Estero Bay and offshore
Point Sal, to image faults, buried channels, and other features that can be used as
piercing points for estimating slip-rates along the Shoreline, Oceano and Hosgri
fault zones. Detailed mapping in San Luis Obispo Bay reveals that the trace of
the Shoreline fault is crossed by a complex of Pleistocene low-stand paleochannels
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carved into bedrock and buried by marine and non-marine sediment. Possible ages
of these channels are estimated from Quaternary sea level curves. A paleoshoreline
developed in Quaternary strata also crosses the Shoreline fault, providing an
additional piercing point for that fault. Analysis of 3D seismic and other 2D
low and high-energy seismic-reflection data from the Estero Bay and Point Sal
study areas reveals channels preserved in the stratigraphy of the outer continental
shelf and upper continental slope on both sides of the Hosgri fault zone. Ages
of these channels are estimated from their relationships to Pleistocene sequence
stratigraphic boundaries and deeper unconformities previously mapped in the
offshore Santa Maria basin. These channels are used as piercing points to evaluate
the slip-rate of the Hosgri fault in both study areas.

10mSlipson thePitasPoint Thrust:M8Earthquakes in theWesternTransverse
Ranges of Southern California
ROCKWELL, T. K., San Diego State University, San Diego, CA, trockwell@
mail.sdsu.edu; CLARK, K., GNS, Lower Hutt, New Zealand, K.Clark@gns.
cri.nz; OSKIN, M., UCD, Davis, CA, oskin@geology.ucdavis.edu; GAMBLE,
L., UCSB, San Barbara, CA, gamble@anth.ucsb.edu; HAAKER, G., SDSU,
San Diego, CA, echaaker@gmail.com; UCARKUS, G., UCSD, La Jolla, CA,
gucarkus@ucsd.edu;KENT,G.,UNR,Reno,NV,gkent@unr.edu;DRISCOLL,
N., UCSD, La Jolla, CA, ndriscoll@ucsd.edu

Slip on the Pitas Point thrust produces uplift and folding of the Ventura Avenue
anticline (VAA) in the western Transverse Ranges (WTR) of southern California.
Rapid convergence has resulted in as much as 2.7 km of uplift on the VAA over the
past 200 300ka,with asmuch as 320m in thepast 45 50ka, indicating a long-term
uplift rate of 6 7mm/yr.Using vintage aerial photography form the 1920’s through
1950’s prior to construction of the 101 freeway, along with differential GPS and
LiDAR, we mapped remnants of four emergent Holocene marine terraces between
Carpinteria and Ventura, the youngest three of which are reasonably well-preserved
and dated between Punta Gorda and Pitas Point. The most recent emergence event
uplifted a Chumash Indian village at Pitas Point by 5 6m about 900 years ago; this
1st terrace is nearly continuously preserved to the fold crest reaching an altitude
of 7 8 m, which implies 9 10 m of slip on the causative fault at depth. Nearly 50
radiocarbon dates on marine shells and culturally derived charcoal indicate terrace
emergence at about 0.9 ka, 1.9 ka, and 4.2 4.7 ka, with the 4th (highest and
oldest) terrace inferred to be slightly older than 6.5 ka. The Holocene uplift rate
indicated by the emergent terraces is 5 6 mm/yr, similar to the long-term rate.
Scaling relationships between fault slip, earthquake magnitude, and rupture length
suggest thatpaleo-earthquakeswereclose toM8, similar to the1999ChiChior2008
Wenchan earthquakes, and that ruptures likely included both onshore and offshore
faults. Large uplifts in the offshoremay have also resulted in local tsunamis along the
Santa Barbara and Ventura coasts. High-resolution CHIRP seismic reflection data
acquired across the VAA offshore Rincon Point in summer 2013 show evidence for
discrete folding/uplift events that are captured in the Holocene sediment record
and complement the onshore studies.

Multi-Method Measurement of Offset from the 1857 Fort Tejon Earthquake
along the San Andreas Fault in the Carrizo Plain at Channel Sieh31
AKCIZ, S. O., Department of Earth and Space Sciences, UCLA, Los Angeles, CA,
sakciz@gmail.com;GRANT LUDWIG, L.,PrograminPublicHealth,UCIrvine,
Irvine, CA, lgrant@uci.edu; HALFORD, D., Stanford University, STanford,
CA, dhalford@stanford.edu; MALIYANI, G. I., School of Earth and Space
Exploration, Arizona State University, Tempe AZ USA, gayatri.marliyani@asu.
edu; SALISBURY, J. B., School of Earth and Space Exploration, Arizona State
University, Tempe AZ USA, jbsalisb@asu.edu; KLEBER, E. J., School of Earth
and Space Exploration, Arizona State University, Tempe AZ USA, ekleber@asu.
edu; ARROWSMITH, J. R., School of Earth and Space Exploration, Arizona
State University, Tempe AZ USA, ramon.arrowsmith@asu.edu; RHODES, E.,
DepartmentofEarthandSpaceSciences,UCLA,LosAngeles,CAUSA,erhodes@
ess.ucla.edu; CAPALDI,T.,Department of Earth and Space Sciences,UCLA, Los
Angeles, CA

Recentworkusing computer-based analytic tools andLiDARtopography suggested
that offset during the 1857 Fort Tejon earthquake along the Carrizo section of the
San Andreas fault was 5 6 m, significantly lower than the previously reported
8 10musing traditional on-the-groundmeasurements.We are reevaluating surface
displacement of the great 1857 Fort Tejon earthquake using 3D excavation of
channel Sieh31, which has been interpreted to have been offset ∼6m and ∼9m
by researchers using different methods. Increasing availability of high resolution
topography and imagery make remote measurements more common. Continued
validation of remote and field-basedmeasurements is essential.We selected channel
Sieh31 as the best candidate to measure 1857 slip and investigate the potential for
superposed tectonically offset older and deflected younger sections of a single
channel. In preliminary 2013 work, 3 trenches exposed well-defined channels

incised into stratified alluvial fan deposits. The excavations show that the original
thalweg of the Sieh31 does not coincide with either the present day thalweg nor
the median of the present-day channel margins, emphasizing the importance of
measuring the offset with a future 3D excavation. Preliminary optically stimulated
luminescence (OSL) dates from an earlier channel fill stratum indicate that incision
of Sieh31 channel predates ∼1750+−30 A.D. While additional data are needed
for confirmation, if the channel records a single offset, its age implies that the
penultimate earthquake occurred between ∼1650 and ∼1750 A.D. Thus, the
incision of channel Sieh31 predates the great FortTejon earthquake and the channel
age is ideal to constrain displacement caused by the 1857 earthquake at this location.
Preliminary results suggest different geomorphic and geologic measurements of
tectonic displacement, and emphasize the importance of validation of surface offset
reconstructions from remotely interpreted digital topographic data.

3D Comparison of Coseismic Fold Deformation for the Last 5 Events Across a
Releasing Step-over at the FrazierMountain Paleoseismic Site, Southern San
Andreas Fault, CA
STREIG, A. R., University of Oregon, Eugene, OR, streig@uoregon.edu;
WELDON, R. J., University of Oregon, Eugene, OR, ray@uoregon.edu;
SCHARER, K. M., U.S. Geological Survey, Pasadena, CA, kscharer@usgs.gov

Transtensive step-overs, known as sags, are among the most ubiquitous features of
strike slip faults. These structures create closed depressions that collect sediment,
are often wet, and thus preserve organic material that can be used to date the thick
and rapidly accumulating section. It is clear from historical ruptures that these
depressions grow during earthquakes. At the Frazier Mountain paleoseismic site,
the main trace of the southern San Andreas creates two adjoining right step-overs,
∼30 m x 70 m and ∼10 m x 40 m in size. 34 paleoseismic trenches spanning
both step-overs show stratigraphic and structural relationships that demonstrate
progressive coseismic fold and fault deformation. Earthquakes rupturing through
the sitehave repeatedlydown-droppedboth step-overs through foldingand faulting,
producing dramatically thickened growth strata immediately above the earthquake
ground surfaces.We quantify structural relief in individual ruptures across the step-
overs using surveyed three dimensional point data for stratigraphic surfaces. Offset
channels near the site suggest the 1857 earthquake (event E1) generated∼5 m of
lateral slip, and we document∼1 m of structural relief across the sag during 1857.
Preliminary 3D analysis suggests two prehistoric events, E2 and E5, are similar in
size to 1857, especially in fold amplitude where the data overlap. Event E3 has
slightly less fold amplitude, but over a larger area, and is unique with widespread
surface cracking but few distinct fault offsets, so is difficult to compare. Event E4 is
almost certainly smaller, generating about 1/2 the structural relief observed at the
1857 event horizon, suggesting significantly less lateral slip at Frazier Mountain in
this event.

A Tale of Two Seisms Down Under: 23 March 2012 Mw 5.4 Ernabella and 9
June 2013 Mw 5.6 Mulga Park
CLARK, D. J., Geoscience Australia, Canberra, ACT, Australia, dan.clark@
ga.gov.au; MCPHERSON, A., Geoscience Australia, Canberra, ACT,
Australia, andrew.mcpherson@ga.gov.au; ALLEN,T., PacificGeoscienceCentre,
Geological Survey of Canada, Sidney, BC, Canada, Trevor.Allen@NRCan-RNCan.
gc.ca

On23March2012aMW5.4intraplateearthquakeoccurred intheeasternMusgrave
Rangesofnorth-centralSouthAustralia,near thecommunityofErnabella (Pukatja).
This was the largest earthquake recorded onmainlandAustralia in the past 15 years
and resulted in the formation of a 1.6 km-long surface deformation zone that
included reverse fault scarps with a maximum vertical displacement of ∼0.5 m
(average ∼0.1 m), extensive ground cracking, and numerous rock falls. Fifteen
months later, on 09 June 2013 a MW 5.6 earthquake (the Mulga Park earthquake)
occurred ∼15 20 km northwest of the 2012 rupture. The P-axes of the focal
mechanisms constructed for both events indicate northeast-oriented horizontal
compressive stress. However, the focal mechanism for the Mulga Park earthquake
suggests strike-slip failure, with a sub-vertical northerly-trending nodal plane
favoured as the failure plane, in contrast to the thrustmechanism for the 2012 event.

Despite being felt more widely than the 2012 event, ground cracking and
minor dune settlement were the only surface expressions relating to theMulga Park
earthquake. No vertical displacements were evident, nor were patterns indicative of
significant lateral displacement. An 18 km long north to north east trending arcuate
band of moderate to high cracking density was mapped parallel to the surface trace
of the Woodroffe Thrust, a major crust-penetrating fault system. A lobe of high-
density cracking ∼5 km long, coincident with the calculated epicentral location,
extended to the north from the centre of themain arc.We speculate that the rupture
progressed to the south beneath the northern high-density lobe (consistent with
the dimensions expected from new scaling relations), and that the larger arcuate
band of cracking might relate to positive interference resulting from reflection of
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energy from theWoodroffe Thrust interface. Both events provide new insight into
the rupture behaviour of faults in non-extended cratonic crust.

Geomorphic and Geologic Evidence of Recently Active Faults and Folds in
Java, Indonesia
MARLIYANI, G. I., Arizona State University, Tempe, AZ, gayatri.marliyani@
asu.edu; ARROWSMITH, J. R., Arizona State University, Tempe, AZ, ramon.
arrowsmith@asu.edu; HELMI,H., Arizona StateUniversity, Tempe, AZ, hurien.
helmi@asu.edu

Java is a highly populated island in Indonesia along the Sunda-Banda subduction
system. There have been damaging earthquakes in Java; however, detailed
neotectonic studies are limited. In this study, we present detailed maps of active
faults derived from satellite and field-based neotectonic mapping, paleoseismic
data, as well as new data on fault kinematics, tectonic geomorphology indices
indicating relative rock uplift, and estimates of principal stress orientations from
volcano morphology. The structures in East Java are dominated by NW-SE normal
faults, Central Java by E-W folds and thrust faults, while NE-SW strike-slip faults
dominate West Java. Our preliminary mapping indicates no large scale continuous
structures in Java. Instead deformation is distributed over broad areas along small
structures. We illustrate our results with examples from the many active structures
identified in this study: the Baluran and Pasuruan normal faults in East Java, the
Kendeng fold and thrust belt in Central Java, and the Cimandiri strike-slip fault
system in West Java. In Pasuruan, two shallow trenches cut across the NW-SE
scarp exposed faulted and folded alluvial and colluvial strata and provide evidence
for at least three ground-rupturing earthquakes. Uplifted meanders and terraces
indicate ongoing uplift along the Kendeng fold and thrust belt. In Cimandiri, the
normalized channel steepness index delineates the active trace along the otherwise
diffuse fault zone. The structure mapping and principal stress orientations from
volcano morphology suggest that the distinctive patterns are likely controlled
by inherited crustal structures and variable boundary stresses from subduction
of bathymetric highs and angle of the subducting slab. Javan seismic hazards include
great tsunamigenic earthquakes along the subduction interface to the south as
well as M6-7, widely-distributed shallow earthquakes associated with upper plate
structures.

The Timing of the Recent Two Faulting Events on the Himalayan Frontal Fault
in Ramnagar Area, Uttarakhand, India
OKUMURA, K., Hiroshima University, Higashihiroshima, Japan, kojiok@
hiroshima-u.ac.jp; MALIK, J. N., IIT Kanpur, Kanpur, India, javed@iitk.ac.
in; SANTISWARUP, S., IIT Kanpur, Kanpur, India, javed@iitk.ac.in; NAIK, S.
P., IITKanpur, Kanpur, India, javed@iitk.ac.in; KHAN,A., IITKanpur, Kanpur,
India, javed@iitk.ac.in

The Himalayan frontal fault east of Ramnagar in Uttarakhand, India (around 79.2
degree E) is an ideal site for paleoseismological investigation. It is because of a low
fluvial energy condition along the frontal fault owing to the separation from large
rivers by a growing anticline to the north. We opened a trench in east of Ramnagar
at N29.34 d and E79.17 at the tow of 12m high fault scarp deforming the youngest
fluvial terraceon the anticline.Themaster thrust fault appearedon the trenchwall to
reach to the last event horizon under the very bottom of the slope. The hangingwall
above 11 degree dipping thrust plane is composed of the terrace deposits and folded
recumbently. The footwall is composed of massive fine alluvial sand and silt of back
marshes. The lowest exposed potion of the footwall is dipping∼15 degrees to the
south and contains isolated cobbles and boulders. There is an angular unconformity
between the upper and lower portion of the footwall sediments. This is the horizon
of the penultimate event. Preliminary radiocarbon dating results indicate the last
event occurred after 1246 1383 AD and before 1550 1630 AD, coinciding with
the historic 1505 earthquake. A date of the upper alluvial sediments above the
horizon of the penultimate event is 56 217 AD. This gives an interval longer than
1300 years and is possibly of a piece of reworked charcoal. Further datings are under
way. The slip observed in the trench is larger than 6 m. Kumar et al. (2006) opened
a trench about 7 km east of our site and identified the last event before 1433 AD
with estimated 26 m coseismic slip. However, the trench did not expose the master
fault but only secondary superficial ruptures. As to the large coseismic slip, there is
no evidence to interpret the 13 m high scarp as a single-event scarp. Therefore, our
new event chronology and slip estimation do not contradict with the observation
of Kumar et al. (2006).

New Paleoseismic Study of the Septentrional Fault, Dominican Republic
PRENTICE, C. S., US Geological Survey, Menlo Park, CA, cprentice@usgs.
gov; SCHARER, K., US Geological Survey, Pasadena, CA, kscharer@usgs.gov;
GOLD, R., US Geological Survey, Golden, CO, rgold@usgs.gov; DELONG, S.,

US Geological Survey, Menlo Park, CA, sdelong@usgs.gov; PENA, L.,
Universidad Catolica Madre y Maestra, Santiago, Dominican Republic

The Septentrional Fault is one of two major strike-slip faults that accommodate
motion between the Caribbean and North American plates at the longitude of
Hispaniola. Earlier paleoseismicwork (Prentice, et al., 1993; 2003) showed that east
of Santiago, Dominican Republic, the most recent earthquake with surface rupture
(MRE) on this fault occurred more than 800 years ago. However, recent analysis of
the historical record by ten Brink et al. (2011) concluded that earthquakes in 1842
and 1562 both ruptured the Septentrional Fault across the island. We excavated
two trenches at Santiago Viejo, the site of an early European settlement about 1
km northwest of Santiago. The Spanish established the settlement in 1508, and
abandoned the site and moved the city after the 1562 earthquake. While the fault
traverses the site, there is no evidence among the ruins for historical surface rupture;
no colonial ruins are offset, and the scarp itself is degraded by erosion, with no
evidence suggesting historical slip. We excavated two trenches across the fault zone
todetermine if eitherhistorical earthquakewasassociatedwithsurface ruptureat this
site. Both trenches exposed the fault zone overlain by an unfaulted cultural horizon
(defined by the presence of artifacts from the Spanish settlers), suggesting that
the MRE occurred prior to European settlement. Radiocarbon dating of charcoal
samples collected from post-faulting sedimentary horizons show that theMRE pre-
dates the 1842 earthquake, and likely also pre-dates the 1562 earthquake. These
results indicate that if 1842 surface rupture occurred on the Septentrional Fault, it
occurred on the segment of the fault west of this site. Our preliminary results show
no evidence for surface rupture in 1562, but do not entirely exclude it. Current
data suggest an age older than 1562 for the MRE. We anticipate that forthcoming
radiocarbon and pollen analyses will better constrain the age of the MRE at the
Santiago Viejo site.

Revised Earthquake Hazard of the Hat Creek Fault, Northern California:
Paleoseismology in Pleistocene Lava Flows
KATTENHORN, S. A., University of Idaho, Moscow, ID, simkat@uidaho.edu;
BLAKESLEE, M.W., University of Idaho, Moscow, ID

Normal faults in basalt have distinctive surface-trace morphologies where they cut
throughnear-surface lavas, providing information about slip history and earthquake
hazards. Such faults may remain active during prolonged volcanic periods such that
different ages of lava flows cut by the fault can be used as temporal markers of
slip rates and slip history. The 47-km-long Hat Creek fault in northern California
is a case example of this fault style. We address segment evolution, slip history,
and earthquake potential based on surface morphologies and throw distribution
in variable-aged lavas. In response to interaction with sporadically active volcanic
systems, surface ruptures progressively migrated westward in the Late Pleistocene,
with older scarps being successively abandoned.Themost recent earthquake activity
dissects 24± 6 ka basaltic lavas, forming a vertical scarp with a maximum throw of
56 m. Other lavas cut by the fault have ages of 38 ± 7 ka and 53.5 ± 2 ka. Prior
to surface rupture, the fault formed a fault-trace monocline that attained a height
of up to 33 m. Subsequent earthquake activity reduced the monocline to a rubble
pile along the fault trace. Dislodged small columns thrown up onto the lava surface
suggest>1 gn acceleration at the surface rupture location.We show that the length
of the most recently active portion of the segmented system, which was suggested
in past work to be 23.5 km, is actually comprised of at least 9 segments with a
cumulative length of 30 km, thus increasing the potential regional seismic hazard.
We estimate that a surface-breaking rupture could produce an earthquake of∼Mw

6.7 with a recurrence interval of 667 ± 167 yr in response to a rapid slip rate in
the range 2.2 3.6 mm/yr. This implies a moderate risk given a lack of earthquake
events in the past 200 yrs. Our methods for interpreting scarp geomorphology and
slip history in faulted lava flows can be applied to any faulted basalt environment.

A Candidate Fault Scarp from the 1872 Earthquake near Chelan, Washington
SHERROD, B. L., USGS at Univ of Washington, Seattle, WA, bsherrod@usgs.
gov; BLAKELY, R. J., USGS, Menlo Park, CA, blakely@usgs.gov; BARNETT,
E. A., USGS at Univ of Washington, Seattle, WA, eli@usgs.gov; SCHERMER,
E., Western Washington University, Bellingham, WA, schermer@geol.wwu.edu;
LASHER, J. P., USGS volunteer, Ellensburg, WA, USA, weldbear@alltell.net;
SHERROD, J. M., CentralWashington University, Ellensburg,WA, joesherrod@
mac.com; MILLER, B., University of Washington, Seattle, WA, millerba@uw.
edu; SLAUGHTER, S., Washington State Dept of Natural Resources, Olympia,
WA, stephen.slaughter@dnr.wa.gov

The largest historical earthquake in easternWashington occurred on 15 December
1872with an epicenter near the south endofLakeChelan and an estimatedmoment
magnitude of 6.5 7.0 (Bakun et al., 2002).An enduring geologic problem is the lack
of surface deformation associated with this earthquake, suggesting the earthquake
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occurred on a blind structure or a deep source. Focal mechanisms from recent
earthquakes in the area are consistent with regional N-S shortening inferred from
GPS studies.Analysis of regional aeromagnetic anomalies show twomain lineament
orientations; NW-trending lineaments follow the main geologic structures in the
area, and NE-trending lineaments extend from rocks on the east flanks of the
Cascade Mountains eastward beneath Miocene flood basalts.

New LiDAR data reveal a NW-side-up scarp west of the Columbia River
along the north side of Spencer Canyon, 30 km SW of Chelan, WA. The NE-
trending scarp is∼5.5 km long, and has a maximum height of 2.4 m. Three-point
solutions frommeasurements using LiDAR data suggest a fault plane striking 250◦
and dipping between 20 37◦ NW.These results, coupledwith the sense ofmotion,
suggest that thrust motion on a NW-dipping fault created the scarp.

Landslides observed on LiDAR images obliterate the scarp in places, and
impound two small ponds. Tree-ring counts of Ponderosa pine (n= 49) growing
on both landslides establish a minimum age for the scarp the oldest sampled trees
on each landslide are 130 and 128 years old. Wood from a dead tree in one pond
yields a 14C age of 130± 30 yr BP. The tree ring counts and 14C age suggest
that the landslides occurred at about the same time as the 1872 earthquake. Future
trenching aims to establish limiting maximum ages for fault movement.

Bakun,W.,Haugerud, R.,Hopper,M., and Ludwin, R., 2002, TheDecember
1872 Washington State earthquake: Bulletin of the Seismological Society of
America, v. 92, p. 3239 3358.

Challenges and Opportunities in Synthesizing Multiple Paleoseismic Data
Sets
BIASI, G. P., University of Nevada Reno, Reno, NV, glenn@seismo.unr.edu;
WELDON, R. J., University of Oregon, Eugene, OR, ray@uoregon.edu

As the quantity and quality of paleoseismic records have increased, attention has
grown on methods of synthesizing site records into histories of ground rupture on
faults and in regions. Paleoseismic trenching provides the ‘where’ of rupture on a
fault, but is rarely precise about the ‘when’. Thus even the simplest formofmultiple-
site synthesis, correlation of events between sites on a fault, has taken the form of
scenarios consistent with the dating uncertainty. We look briefly at the difficulties
of temporal correlation, and then at ways to link paleoseismic records and to apply
them in hazard estimation by bringing in other information. For example, the size of
an event displacement at a site should scalewith the probability that the eventwould
be detected at some distance down the fault. This approach can be generalized to
construct a likelihood grid in time and space for a fault, showing where and where
events have been more or less likely in the past. At a higher level one may interpret
temporal overlap just as permitting correlation, then bring in outside constraints
such as an average slip rate and total number of events. The ‘stringing pearls’
approach of Biasi and Weldon, used in UCERF2 for the southern San Andreas
fault, uses these constraints to estimate rates of events of various sizes, and thus net
fault hazard, without having to resolve exact correlations among sites. In a related
approach, the UCERF3 project used paleoseismic event rate estimates, ignoring
their dates, as one constraint in a generalized inversion for rupture rates and sizes.
Finally an areal or systems synthesis of paleoseismic site records strongly suggests
that California’s main faults rupture with a resolvable degree of time dependence.
This systems-level deduction from paleoseismology was independently derived by
the UCERF3 project, which found that some form of characteristic behavior is
required to fit the slip rate and recurrence data in California.

ADecade of Great Subduction Earthquakes What Have
We Learned FromTheir Ground-Motions?
Oral Session · Friday · 8:30 AM · 2May · Room 4 Session
Chairs: Trevor Allen and Gail Atkinson

Ground-Motion Prediction Equations for Large Interface Earthquakes based
on Empirical Data from the 2011 M9.0 Tohoku, Earthquake
GHOFRANI, H. G., Western University, London, ON, Canada, hghofra@
uwo.ca; ATKINSON, G. M. A., Western University, London, ON, Canada,
Gmatkinson@aol.com

Ground motion prediction equations have a major impact on seismic hazard
estimates because they control the predicted amplitudes of ground shaking. The
modeling and understanding of ground-motion amplitudes due to mega-thrust
earthquakes in subduction zones has been hampered by a paucity of empirical
ground-motiondata for thevery largemagnitudesofmost interest tohazardanalysis.
Data from the Tohoku M9 2011 earthquake are important in this regard, as this is
the largest well-recorded subduction event, and the only such event with sufficient

data to enable a clear separation of the overall source, path and site effects. In
this study, we use strong-ground-motion records from the M9 Tohoku event to
derive an event-specific GMPE. We then extend this M9 GMPE to represent the
shaking from other M>7 interface events in Japan by adjusting the source term.
We focus on events in Japan to reduce ambiguity that results when combining data
in different regions having different source, path and site effect attributes. Source
terms (the average residuals of ground-motions with respect to the TohokuGMPE)
scale most steeply with magnitude at the lower frequencies; this is in accord with
expectations based on overall source-scaling concepts. Interpolating source terms
over the magnitude range of 7 to 9, we produce a GMPE for large interface events
of M7 to M9, for NEHRP B/C boundary site conditions in both fore-arc and
back-arc regions of Japan.We show how these equationsmay be adjusted to account
for the deeper soil profiles (for the same value ofVS30) in western North America,
and demonstrate the importance of considering the variability in site conditions
when translating ground-motions from one region to another. For the Cascadia
subduction zone, the proposed GMPE predicts lower motions at very long periods,
highermotions at shortperiods, and similarmotions at intermediateperiods, relative
to the simulation-based GMPEmodel of Atkinson andMacias (2009).

Magnitude Scaling Rates for Large Earthquakes in Ground Motion Prediction
Equations for Japan
ZHAO, J. X., Southwest Jiaotong University, Chengdu, Sichuan Province, China,
j.zhao@gns.cri.nz

The Mw=9.0 subduction earthquake in 2011 in Japan provides an invaluable set
of strong motion records from K-net and Kik-net in Japan. Together with records
from other large earthquakes in Japan, it is possible to systematically investigate
magnitude scaling for large earthquakes in a ground motion prediction equation
(GMPE) model. We assembled over 15000 high-quality strong motion records
from 315 earthquakes with a moment magnitude of 5.0 or larger in Japan. Firstly
we classified these events into shallow crustal, upper mantle, subduction interface
and subduction slab categories, using hypocenters determined by a number of
seismological organizations and a subduction interface geometrymodel fromUSGS
(Slab1.0). We also developed a set models for site amplification ratios accounting
for soil nonlinear response based on 1-D numerical modeling, and we adjusted the
numerical model by amplification ratios derived from strong-motion records. For
shallow crustal category, we usedworld-wide records from events with anMwof 7.0
or larger. For geometric attenuation functions we used continuous multi-segments
linear models in natural logarithm forms to model possible multiple reflections
and constructive interference among seismic waves traveling at different paths. For
magnitude scaling functions, we used two continuous segments hinged atMw=7.1,
a linear and a quadratic magnitude scaling for events with an Mw=7.1 or less, and
a linear scaling for events with anMw>7.1. We found that the effect of magnitude
for large events is considerably smaller than that for moderate and moderately large
earthquakes fromall tectonic locations, consistentwith the results fromourprevious
studies. For crustal earthquakes, the magnitude scaling rate for event with an Mw
larger than 7.1 is nearly zero at short periods and small or negative for other spectral
periods up to 5.0s. For subduction earthquakes, the magnitude scaling rates for
Mw>7.1 vary between 30 60% of the

Broadband Synthetic Seismograms for M9 Cascadia Earthquakes Using 3D
Simulations
FRANKEL, A., U.S. Geological Survey, Seattle, WA, afrankel@usgs.gov;
PHILLIPS-ALONGE, K., U.S. Geological Survey, Pasadena, CA, kphillips-
alonge@usgs.gov; STEPHENSON, W., U.S. Geological Survey, Golden, CO,
wstephens@usgs.gov; DELOREY, A., Los Alamos National Laboratory, Los
Alamos, NM, andrew.delorey@lanl.gov

We are producing broadband (0 10Hz) synthetic seismograms ofM9 earthquakes
on the Cascadia subduction zone (CSZ) for various rupture scenarios. At long
periods (> 2 s) we are using synthetics from 3D finite-difference simulations for
the region west of the CascadeMountains and extending the 1100 km length of the
CSZ.This 3Dvelocitymodel includes thedipping subductedplate and sedimentary
basins, such as theSeattle,Tacoma,Portland, andTualatinbasins.Weuse earthquake
slipmodels consisting of two parts: (1) random slip with a large correlation distance
(about 100 km) and a specified wave number spectrum and (2) discrete asperities
with high stress drops and short rise times of slip. For the first part of the model, an
average slip velocity was specified to determine rise times of slip on the fault. The
slip velocity was calibrated by comparing response spectral values of synthetics for
theM8.8Maule,Chile earthquakewith the observed values.At short periods (<2 s)
we use a summation of stochastic seismograms from point sources. The short and
long-period synthetics are combinedusingmatched filters.Weconstrained the stress
dropof the discrete asperities for theCascadia simulations bymodeling the observed
spectral accelerations andwaveforms of theM9.0Tohoku, Japan earthquake and the
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Maule earthquake. For the Tohoku earthquake, the observed spectral accelerations
from 10 s to 0.1 s can be explained by high stress drop sub-events located in the
deeper portion of the rupture zone. The Maule earthquake consisted of at least
three sub-events with high stress drops.We are comparing the spectral accelerations
from the Cascadia synthetics with ground-motion prediction equations used in
seismic hazard assessments. The synthetics exhibit large amplification of spectral
accelerations at 3 5 s by the Seattle basin.

Broadband Strong Motion Simulations of Large Subduction Earthquakes
SKARLATOUDIS, A. A., URS Corp, Los Angeles, CA, andreas.skarlatoudis@
urs.com; SOMERVILLE, P. G., URS Corp, Los Angeles, CA, paul.somerville@
urs.com; THIO, H. K., URS Corp, Los Angeles, CA, hong.kie.thio@urs.
com; BAYLESS, J. R. B., URS Corp, Los Angeles, CA, jeff.bayless@
urs.com

The great subduction earthquakes that occurred recently in Peru, Chile and Japan
have provided unparalleled information about the ground motions stemming from
suchearthquakes.Broadbandgroundmotionsimulationscanenhancetheusefulness
of the recordings of these earthquakes by providing a means of interpolating and
extrapolating the recorded data. In this study, we test our capability to simulate, with
a hybrid method, broadband strong motion recordings of mega-thrust earthquakes
by demonstrating that our simulations reproduce the amplitudes of the recorded
groundmotionswithout systematicbias.Thebroadbandground-motion simulation
method that we used is based on the work of Somerville et al. (1991), Somerville
(1993) andGraves and Pitarka (2004; 2010). It computes the long and short period
ranges separately and then combines the two to produce a single time history
using appropriate matching filters. At periods longer than 1s, the methodology is
deterministic and contains a theoretically rigorous representation of fault rupture
and wave propagation effects. At periods shorter than 1s, it uses an empirical
representation of source radiation and scattering derived from the recordings of a
smaller earthquake, which is combined with a simplified theoretical representation
of wave propagation. The simulations have a model bias that is generally within
20% of zero across the full bandwidth. A systematic underprediction can be
observed around the period of 0.5s. This underprediction could be driven by the
characteristics of the empirical source function used in the high frequency part of
the simulations. The standard deviation is comparable with the standard deviations
of the most recent GMPE models (Zhao et al., 2006:Zea06 and Abrahamson
et al., 2012:AGA12). The Atkinson and Boore (2003) (AB03) standard deviation
is at the lower bound of the standard deviations from the simulations, while
the Zea06 model has very comparable values across the examined period
range.

NGA-Sub: Plan to Develop Next Generation Ground Motion Models for
Subduction Earthquakes
BOZORGNIA, Y., PEER, University of California, Berkeley, CA, yousef@
berkeley.edu; KISHIDA, T., PEER, University of California, Berkeley, CA,
kishidapple@gmail.com

The NGA-Sub project is a large multidisciplinary, multi-year research program on
theNextGenerationAttenuationmodels for subduction earthquakes. The research
projecthasbeencoordinatedbythePacificEarthquakeEngineeringResearchCenter
(PEER) with strong interactions with international organizations. The first step
in the NGA-Sub project is to develop an extensive database of ground motions
recorded in subduction events worldwide. At this point, thousands of ground
motion recordings have been collected and processed. An overview of the NGA-
Sub database will be presented along with the plan to develop ground motion
prediction equations for subduction events.

75 Years of Frequency-Size-Distribution of Earthquakes:
Observations, Models and Understanding
Oral Session · Friday · 10:45 AM · 2May · Room 4 Session
Chairs: Thessa Tormann, MaxWyss and Jeanne Hardebeck

b-Values, Stress and Fault Heterogeneity During Laboratory Stick-Slip
Experiments
GOEBEL, T. H.W., California Institute of Technology, Pasadena, CA, tgoebel@
gps.caltech.edu; BECKER,T.W.,University of SouthernCalifornia, LosAngeles,
CA, twb@usc.edu; SAMMIS, C. G., University of Southern California, Los
Angeles,CA,sammis@usc.edu; SCHORLEMMER,D.,GermanResearchCentre

for Geosciences, Potsdam, Germany, ds@gfz-potsdam.de; DRESEN, G., German
Research Centre for Geosciences, Potsdam, Germany, dre@gfz-potsdam.de

Differences in crustal conditions and faulting mechanisms may lead to regional
variations in the frequency-magnitudedistributions (FMDs)of crustal seismicity.To
better asses controlling parameters of variations in FMDs and b-values, we examine
fault structure, stress andmicro-seismic events during sequences of stick-slip events,
a laboratory analog to earthquakes. The experiments were conducted on faults that
developed fromfresh fracture surfaces inWesterly granite.Our experiments revealed
many similarities between laboratory and crustal faults, i.e., a hierarchical damage
structure, fractal fault roughness that controls the spatial distribution of seismic
events, Omori-Utsu aftershock decays and Gutenberg-Richter type frequency-
magnitudedistributions.The latter canbedescribedbyapowerlawwithanexponent
(b-value) that varied between 0.7 to 2.2. We analyzed variations in b-value along
fault strike and as function of differential stress. b-values are generally low in regions
of relatively thin fault zone width, i.e. little to no gouge content between host-
rock walls. These regions also show high seismic moment release and seismic event
densities during the inter-slip periods and mark the nucleation sites of stick-slip
events. Furthermore, b-values decreased systematically with increasing differential
stresses during several stick-slip cycles so that seismic events are more likely to
grow to larger sizes if ambient stresses are high. In addition, variations in b-values
are sensitive to the structural complexity of faults observed in post-experimental
CT-scans so that less complex faults and faults with larger displacements
exhibit a stronger correlation between differential stress and b-values. Our results
highlight the role of both fault heterogeneity and differential stress in controlling
frequency-magnitude distributions during the faulting of rock samples in the
laboratory.

Growing Large Scale Fractures in a Salt Mine and their Effects on the
Frequency-Magnitude Distribution
MAGHSOUDI, S., University of Potsdam, Potsdam, Germany, samira.
maghsoudi@geo.uni-potsdam.de;CESCA, S.,GFZGermanResearchCentre for
Geosciences, Potsdam, Germany, simone.cesca@gfz-potsdam.de; HAINZL, S.,
GFZ German Research Centre for Geosciences, Potsdam, Germany, sebastian.
hainzl@gfz-potsdam.de; DAHM, T., GFZ German Research Centre for
Geosciences, Potsdam, Germany, torsten.dahm@gfz-potsdam.de; KAISER, D.,
BGRHannover, Hannover, Germany

The spatiotemporal seismicity of a massive acoustic emission (AE) catalog recorded
in the Morsleben salt mine is here investigated. We first summarize different
approaches we have recently proposed to assess the catalogue completeness
in strongly heterogeneous media and mining environments. The analysis of
complete catalogue and the spatiotemporal distribution of the AE activity present
characteristic signatures and the frequency-magnitude distribution locally deviates
from the Gutenberg-Richter law. Almost a year after backfilling of the cavities,
microevents are distributed with distinctive stripe shapes above cavities at different
depth levels. The physical forces driving the creation of these stripes are still
unknown. This study aims to find the active stripes and track fracture developments
over time by combining two different temporal and spatial clustering techniques
into a single methodological approach. Anomalous seismicity parameters values
like sharp b-value changes for two active stripes are good indicators to explain
possible stress accumulation at the stripe tips.We identify the formation of two new
seismicity stripesandshowthattheAEactivities inactiveclustersaremigratedmostly
unidirectional to eastward andupward.This indicates that the growth of underlying
macrofractures is controlled by the gradient of extensional stress. Studying size
distribution characteristic in termsof frequency-magnitudedistribution andb-value
in active phase and phase with constant seismicity rate show that deviations from
the Gutenberg Richter power law can be explained by the inclusion of different
activity phases: (1) the inactive period before the formation of macrofractures,
which is characterized by a deficit of larger events (higher b-values) and (2) the
period of fracture growth characterized by the occurrence of larger events (smaller
b-values).

Geomechanical Modeling of Frequency-Magnitude Distributions of Induced
Seismicity
BACHMANN, C. E., Lawrence Berkeley National Lab, Berkeley, CA,
cebachmann@lbl.gov; WIEMER, S., ETH Zurich, Zurich, Switzerland, stefan.
wiemer@sed.ethz.ch; GOERTZ-ALLMANN, B. P., NORSAR,Kjeller, Norway,
bettina.goertz-allmann@norsar.no

Induced seismicity from different sources is becoming more and more a public
concern. The largest events in the recent past came from wastewater injections and
geothermal heat extraction. In the future, Carbon Capture and Storage is believed
to be an additional source. To understand the ongoing processes better, seismicity
has to be monitored with a dense local network, including borehole stations in the
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best case. The evolution of the seismic cloud indicates the location of the injected
fluid in the ground.While this is crucial to know for geothermal heat extraction, as
the water will be extracted through a second borehole, it is also important for the
understanding and analysis of the other processes.

Tobetter predict size distributions of the induced seismic events,we introduce
a geomechanical model, simulating the pore pressure diffusion in the media. We
relate the induced event-sizes to the differential stress via an empirical inverse
relationship, established from tectonic events and laboratory experiments. With
this simplistic model, we can reproduce the frequency-magnitude distributions
found from injection experiments, such as the Enhanced Geothermal System in
Basel, Switzerland and a long-term brine injection in Paradox Valley, Colorado.
We find significant temporal and spatial changes in the b-value of those injections;
highest values are found closest to the injection points and earliest during the
injection. Our model allows us to relate those changes to the pore pressure
changes. We conclude that highest pore pressure changes lead to high b-values
as those induce events with smaller sizes. We are therefore able to establish a
link between the seismological observables and the geomechanical properties
of the source region and thus a reservoir. Understanding the geomechanical
properties is essential for estimating theprobability of exceeding a certainmagnitude
value in the induced seismicity and hence the associated seismic hazard of the
operation.

Tectonic b-Value Variation Interpreted as Stress-Meter Examples from
Different Scales
TORMANN, T., ETH Zurich, Zurich, Switzerland, Thessa.Tormann@sed.ethz.
ch; WIEMER, S., ETH Zurich, Zurich, Switzerland, Stefan.Wiemer@sed.ethz.
ch; WOESSNER, J., ETH Zurich, Zurich, Switzerland, Jochen.Woessner@sed.
ethz.ch; ENESCU, B., University of Tsukuba, Tsukuba, Japan, benescu@geol.
tsukuba.ac.jp

The slope of the frequencymagnitude distribution of earthquakes, characterized by
the Gutenberg-Richter b-value, has been observed to vary through space and time
on various scales. An early suggested interpretation is a negative dependence of b on
differential stress, as has been observed in laboratory experiments. High b-values,
describing a sample with a high proportion of small compared to large magnitudes,
correspond to low stress, while high stress conditions produce a higher proportion
of large magnitudes and a low b-value.

Generic b-value depth gradients reflect the strength gradient of the brittle
crust. Localized b-value patterns along faults have been successfully related to future
and past ruptures on known and previously unknown asperities. Distinct high
b-value volumes beneath volcanoes have been related to the high pore-pressure
environment of magma bodies. Imaging b-values along subduction zones, e.g. the
Pacific plate off and beneath Japan, reveals a striking footprint of the tectonic
structures. Temporal changes of b-values within selected structures are consistent
with loading and unloading of asperities.

The presentation shows a variety of independent observations of b-value
features that are consistent with the stress correlation hypothesis and suggest that
b-values are indeed physically rooted and can be used to image relative crustal stress
conditions.

Local Magnitude Distributions in the 3rd Uniform California Earthquake
Rupture Forecast (UCERF3)
PAGE, M. T.,U.S.GeologicalSurvey,Pasadena,CA,pagem@caltech.edu;FIELD,
E. H., U.S. Geological Survey, Golden, CO, field@usgs.gov; MILNER, K. R.,
University of Southern California, Los Angeles, CA, kmilner@usc.edu

Rather thantheprescriptiveapproachesusedtodefinerupture rates inhazardmodels
of the past, the 3rd Uniform California Earthquake Rupture Forecast (UCERF3)
uses an inversion method to derive rupture rates consistent with fault slip rates,
paleoseismic data, and regional seismicity rates. The inversion method allows us
to probe which hypotheses are consistent with the model parameterization and
input data.Wewere unable to construct amodel that imposed aGutenberg-Richter
magnitude distribution on the major faults in California. This is because such a
model cannot put enough moment on the faults to match the target slip rates
without a) assuming significantly more fault connectivity and therefore raising
the maximum magnitude, b) over-predicting historically observed seismicity rates,
and/or c) introducing significant b-value variation by lowering the b-value on
major faults. We present evidence for some of these potential ‘fixes’ which could
make the Gutenberg-Richter branch tractable, but possibly not to the extent they
would be needed. Interestingly, UCERF3 is significantly less ‘characteristic’ than
UCERF2, both statewide (where rates are constrained to match the Gutenberg-
Richter distribution) and in smaller regions, due to the relaxation of segmentation
and inclusion of multi-fault ruptures.

Fifty Years of Tsunami Science: from the 1964 Earthquake
and Tsunami to the SAFRRTsunami Scenario - Advances
in Tsunami Source Characterization, Numerical Analysis
andHazardMitigation
Oral Session · Friday · 1:30 PM · 2May · Room 4 Session
Chairs: Elena Suleimani, Stephanie Ross, Hong Kie Thio, and
Dmitry Nicolsky

Far-Field Tsunami Detection andWarning, 1854 2014: One Hundred and Sixty
Years in the Intricate Relation between Earthquake Source and Tsunami
OKAL, E. A., Northwestern University, Evanston, IL

The first scientific study of a tsunami as generated by a distant earthquake can
be traced to Bache [1856] who correctly identified waves from the 1854 Nankai
earthquake on California tidal gauges. We will review developments in the study of
the relationship between earthquake source and far field tsunami, with their logical
application to distant warning.

Among the principalmilestones, we discussHochstetter’s [1869]work on the
1868Arica tsunami, Jaggar’s real-time, but ignored,warning of the 1923Kamchatka
tsunami inHawaii, hismuch greater success with the 1933 Showa Sanriku event, the
catastrophic 1946 Aleutian event, which led to the implementation of PTWC, the
1960 events in Hilo, and the 1964 Alaska tsunami, which led to the development
of the A[nowN]TWC.

From the scientific standpoint, we will review the evolution of our attempts
to measure the seismic source (in practice its seismic moment), always faster, and
at always lower frequencies, culminating in the W-phase inversion, heralded by
Kanamori and co-workers in the wake of the Sumatra disaster. Specific problems
arise from events violating scaling laws, such as the so-called ‘‘tsunami earthquakes’’,
and wewill reviewmethodologies to recognize them in real time, such as energy-to-
moment ratios. Finally, wewill discuss brieflymodern technologies aimed at directly
detecting the tsunami independently of the seismic source.

Tsunami Modeling and Inundation Mapping in Southcentral Alaska
NICOLSKY, D. J., University of Alaska Fairbanks, Fairbanks, AK, djnicolsky@
alaska.edu; SULEIMANI, E. N., University of Alaska Fairbanks, Fairbanks,
AK, elena@gi.alaska.edu; KOEHLER, R. D., Alaska Division of Geological &
Geophysical Surveys, Fairbanks, AK, richard.koehler@alaska.gov; WEST, M. E.,
University of Alaska Fairbanks, Fairbanks, AK,mewest@alaska.edu

TheAlaskaEarthquakeCenter (AEC)participates in theNationalTsunamiHazard
Mitigation Program by evaluating and mapping potential tsunami inundation of
coastal Alaska.

We evaluate potential tsunami hazards for several coastal communities near
the epicenterof the1964GreatAlaskaEarthquakeandnumericallymodel the extent
of their inundation due to tsunamis generated by earthquake and landslide sources.
Tsunami scenarios includea repeatof the tsunami triggeredby the1964GreatAlaska
Earthquake, as well as hypothetical tsunamis generated by 1964-type ruptures, a
Cascadia megathrust earthquake, and a hypothetical Tohoku-type rupture in the
Gulf of Alaska region. Local underwater landslide events in several communities
are also considered as credible tsunamigenic scenarios. We perform simulations for
each of the source scenarios using AEC’s recently developed and tested numerical
model of tsunami wave propagation and runup. The tsunami scenarios are intended
to provide guidance to local emergency management agencies in tsunami hazard
assessment, evacuationplanning, andpublic education for reducing future casualties
and damage from tsunamis.

During the 1964 earthquake, locally generated waves of unknown origin were
identified at several communities, located in the western part of Prince William
Sound. The waves appeared shortly after the shaking began and swept awaymost of
the buildingswhile the shaking continued.Wemodel the tectonic tsunami assuming
different tsunami generation processes and claim the importance of including
both vertical and horizontal displacement into the 1964 tsunami generation
process.

Inundation Mapping and Hazard Assessment of Tectonic and Landslide
Tsunamis in Southeast Alaska
SULEIMANI, E.,Geophysical Institute,University ofAlaskaFairbanks, Fairbanks,
AK, elena@gi.alaska.edu; NICOLSKY, D. J., Geophysical Institute, University
of Alaska Fairbanks, Fairbanks, AK, djnicolsky@alaska.edu; KOEHLER, R. D.,

522 Seismological Research Letters Volume 85, Number 2 March/April 2014



Alaska Division of Geological and Geophysical Surveys, Fairbanks, AK, richard.
koehler@alaska.gov

The Alaska Earthquake Center conducts tsunami inundation mapping for coastal
communities in Alaska, and is currently focused on the southeastern region. This
activityprovides local emergencyofficialswith tsunamihazardassessment,planning,
and mitigation tools. At-risk communities are distributed along several segments
of the Alaska coastline, each having a unique seismic history and potential tsunami
hazard. Thus, a critical component of our project is accurate identification and
characterization of potential tectonic and landslide tsunami sources. The primary
tectonic element of Southeast Alaska is the Fairweather Queen Charlotte
fault system, which has ruptured in 5 large strike-slip earthquakes in the past
100 years. The 1958 ‘‘Lituya Bay’’ earthquake triggered a large landslide into
Lituya Bay that generated a 540-m-high wave. The M7.7 Haida Gwaii earthquake
of October 28, 2012 occurred along the same fault, but was associated with
dominantly vertical motion, generating a local tsunami. Communities in Southeast
Alaska are also vulnerable to hazards related to locally generated waves, due to
proximity of communities to landslide-prone fjords and frequent earthquakes.
The primary mechanisms for local tsunami generation are failure of steep rock
slopes due to relaxation of internal stresses after deglaciation, and failure of thick
unconsolidated sediments accumulated on underwater delta fronts at river mouths.
We numerically model potential tsunami waves and inundation extent that may
result from future hypothetical far- and near-field earthquakes and landslides. We
perform simulations for each source scenario using AEIC’s numerical model of
tsunami propagation and runup, which is validated through a set of analytical
benchmarks and tested against laboratory and field data. Results of numerical
modeling combined with historical observations are compiled on inundation
maps and used for site-specific tsunami hazard assessment by local emergency
planners.

The SAFRR Tsunami Scenario: Improving Resilience for California from a
Plausible M9.1 Earthquake near the Alaska Peninsula
ROSS, S. L., U.S. Geological Survey, Menlo Park, CA, sross@usgs.gov; JONES,
L. M., U.S. Geological Survey, Pasadena, CA, jones@usgs.gov; WILSON, R.
I., California Geological Survey, Sacramento, CA, Rick.Wilson@conservation.
ca.gov; MILLER, K., Cal OES, San Francisco, CA, kevin.miller@caloes.ca.
gov; BAHNG, B., National Tsunami Warning Center, NOAA, NWS, Palmer,
AK, bo.bahng@noaa.gov; BARBEROPOULOU, A., GNS Science, Avalon,
Lower Hutt, New Zealand, aggeliki.barberopoulou@gmail.com; BORRERO,
J. C., eCoast Limited and USC, Raglan, New Zealand and Los Angeles,
CA, jborrero@usc.edu; BROSNAN, D. M., U.C. Davis One Health Institute,
Davis, CA, deborahbrosnan@gmail; BWARIE, J. T., USGS, Pasadena, CA,
jbwarie@usgs.gov; GEIST, E. L., USGS, Menlo Park, CA, egeist@usgs.gov;
JOHNSON, L. A., Laurie Johnson Consulting|Research, San Rafael, CA, laurie@
lauriejohnsonconsulting.com; KIRBY, S. H., USGS, Menlo Park, CA, skirby@
usgs.gov; KNIGHT, W. R., National Tsunami Warning Center, NOAA, NWS,
Palmer, AK, william.knight@noaa.gov; LONG, K., Cal OES, Pasadena, CA,
Kate.Long@caloes.ca.gov; LYNETT, P., University of Southern California, Los
Angeles, CA, plynett@usc.edu; MORTENSEN, C. E., USGS, Menlo Park, CA,
cmortensen@usgs.gov; NICOLSKY, D. J., University of Alaska, Fairbanks, AK,
djnicolsky@alaska.edu; OGLESBY, D. D., University of California, Riverside,
CA,david.oglesby@ucr.edu; PERRY,S.C.,USGS,Pasadena,CA, scperry@usgs.
gov; PLUMLEE, G. S., USGS, Denver, CO, gplumlee@usgs.gov; PORTER, K.
A., University of Colorado, Boulder, CO, keith@cohen-porter.net; REAL, C.
R., California Geological Survey, Sacramento, CA, Chuck.Real@conservation.
ca.gov; RYAN, K., University of California, Riverside, CA, kryan003@ucr.edu;
SULEIMANI, E., University of Alaska, Fairbanks, AK, elena@gi.alaska.edu;
THIO, H. K., URS Corporation, Los Angeles, CA, hong.kie.thio@urs.com;
TITOV, V. V., NOAA/Pacific Marine Environmental Laboratory, Seattle, WA,
vasily.titov@noaa.gov; WEIN, A., USGS, Menlo Park, CA, awein@usgs.gov;
WHITMORE, P. M., National Tsunami Warning Center, NOAA, NWS, Palmer,
AK, paul.whitmore@noaa.gov; WOOD, N. J., USGS, Portland, OR, nwood@
usgs.gov

The SAFRRTsunami Scenariomodels a hypothetical but plausible tsunami, created
by an Mw9.1 earthquake occurring offshore from the Alaska Peninsula, and its
impacts on the California coast. We present the likely inundation areas, current
velocities in key ports and harbors, physical damage and repair costs, economic
consequences, environmental impacts, social vulnerability, emergencymanagement,
and policy implications for California associated with the tsunami scenario.

In this scenario, approximately three-quarters of a million people could be
ordered to evacuate from residences, businesses, public venues, parks and beaches.
Some island and peninsula communities would face evacuation challenges. One
third of the boats and over half of the docks in California’s marinas would be
damaged, sunk or destroyed. Fires would likely start at many sites where fuel and
petrochemicals are stored in ports and marinas. Tsunami surges and bores could

travel several miles inland up coastal rivers. The ports of Los Angeles and Long
Beach would be shut down for a minimum of two days due to strong currents.
Debris clean-up and recovery of inundated and damaged areas would take days to
years. Total economic losses could range from 5 to 10 billion dollars, depending on
business continuity and resilience strategies. These losses include property damage,
port shutdowns,andbusiness interruption.Addressingserious issuesduetosediment
transport and environmental contamination, such as the erosion of contaminated
harbor bottom sediments, could increase the costs.

The SAFRR Tsunami Scenario has already yielded two positive outcomes. In
areas where the scenario inundation exceeds the State’s maximum inundation zone,
emergency managers have been notified and evacuation plans have been updated
appropriately. The State of California has also worked with NOAA’s West Coast
and Alaska Tsunami Warning Center to modify message protocols to facilitate
effective evacuations in California.

Advances in Tsunami Risk Assessment and Risk Mitigation
PORTER, K. A., University of Colorado at Boulder, Boulder, CO, keith.porter@
colorado.edu

Constructing a disaster scenario forces one to identify all potential damage from
the peril in question, suppressing the streetlight effect in which one only looks for
knowledge where it is easiest. The SAFRR Tsunami Scenario forced us to evaluate
damage to several vulnerable asset classes for which tsunami risk models are sparse,
especially coastal marinas, ports, bridge abutments, roadways, and to some extent
coastal buildings. Scenario development brought to light several analysis and design
needs. First, the American Society of Civil Engineers publishes design guidelines
for small-craft harbors, which state that because ‘‘the frequency of occurrence of
a tsunami at any location is very small, small craft harbors do not include design
considerations for protection from their appearance.’’ Consequently, pilings in
California coastal marinas are too short to restrain floating docks in a reasonably
foreseeable tsunami. California coastal ports are similarly exposed to several modes
of foreseeable damage. For example, a port dispersal plan created by the US Coast
Guard for dispersing the Ports of LosAngeles andLongBeach contains no guidance
for decision-making in tsunamis, and there does not appear to be sufficient resources
(especially pilots) to disperse vessels in the portwithin a reasonable tsunamiwarning
time. Amodest number of California highway bridges have abutments that intrude
into the flowof a tsunami current and couldbedamagedby scour, and a few stretches
of coastal highway are low enough to suffer scour damage in the event of a tsunami,
some of them important routes and some of them lacking convenient alternatives
during repairs. A large number of coastal buildings the equivalent of 70,000 single-
family dwellings are close enough to the shore and at low enough elevation to suffer
damage in a tsunami. Several modes of damage could be reduced with changes to
design guidelines and zoning changes.

Numerical Modeling of the SAFRR Tsunami Scenario
THIO, H. H., URS Corporation, Los Angeles, CA, hong.kie.thio@urs.com;
SULEIMANI, E., University of Alaska, Fairbanks, AK, elena@gi.alaska.edu;
RYAN, K., University of California, Riverside, Riverside, CA, 0k.ryan0@gmail.
com; ROSS, S., USGS, Menlo Park, CA, sross@usgs.gov; NICOLSKY,
D., University of Alaska, Fairbanks, AK, djnicolsky@alaska.edu; KNIGHT,
W., Alaska Tsunami Warning Center, Palmer, AK, william.knight@noaa.gov;
LYNETT, P., University of Southern California, Los Angeles, CA, plynett@usc.
edu; BORRERO, J., eCoast, Raglan, Waikato, New Zealand, jborrero@usc.edu;
WILSON, R., California Geological Survey, Sacramenta, CA; GEIST, E., USGS,
Menlo Park, CA

TheSAFRRTsunamiScenario is amultidisciplinary studyof thephysical, economic
and social impact inCalifornia of a large tsunami originating in theAleutian Islands.
The wave modeling was carried out by several teams based on a common rupture
model that was developed by the SAFRR working group. Although modeling was
carried out for populated areas along the entire California coast, most of the efforts
were concentrated on Southern California. We will present an overview of these
efforts and the physical impact of themodel tsunami on theCalifornia coastline. For
most populated areas, the tsunamiwasmodeled at resolutions of 30mbut for several
areas more focused models were computed at higher resolutions. Because several
different approaches were used for both the source characterization as well as the
tsunamimodeling, this studyalsogivesagoodopportunitytoevaluatethesimilarities
and differences between the various approaches. Understanding these differences
are important for the future evaluation of tsunami hazard, which is invariably
based on numerical modeling since it allows us to quantify the uncertainties at the
different stages of the process. At the source it will give us insight in alternative
ways to translating slip on the fault into initial tsunami amplitudes, and how
dynamically derived rupture models compare to simple static/kinematic ones. At
the shoreline, the differences between the variousmodeling algorithms are apparent,
and we will evaluate these both in terms of the inherent uncertainty of the tsunami
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models as well the effect of different algorithms and grid resolution. We will
highlight some of these results for areas in Southern California such as the Ports
of Los Angels/Long Beach and San Diego where most of the parallel studies were
carried out.

ModelingMegathrust Rupture throughStable-Sliding Zones, and Implications
for an Alaskan-Aleutian Megathrust Earthquake and Tsunami
RYAN, K. J., University of California, Riverside, Riverside, CA, kryan003@ucr.
edu; OGLESBY, D. D., University of California, Riverside, Riverside, CA; GEIST,
E. L., U.S. Geological Survey, Menlo Park, CA

Motivated by the 2011 M9 Tohoku-Oki event and potential earthquakes on the
Alaskan-Aleutian (A-A) Megathrust, we investigate the effects of realistic fault
dynamics on slip, free surface deformation, and resulting tsunami formation from
an M9 megathrust earthquake. We model three scenarios: a spatially-homogenous
prestress and frictional parameter model, and two models with regions of rate-
strengthening-like friction (e.g.,Dieterich, 1992).Weuse thedynamic finite element
code EQDyna (Duan and Oglesby, 2006) to model 3-D ruptures, using time-
weakening friction a simple slip-weakening-type friction law as a proxy for
rate-strengthening friction, along a portion of the A-A subduction zone. Given
geometric, material, and plate-coupling data along the A-A megathrust assembled
by the Science Application for Risk Reduction (SAFRR) team (e.g., Bruns et al.,
1987; Hayes et al., 2012; Johnson et al., 2004; Santini et al., 2003; Wells at al.,
2003), we are able to dynamically model rupture with implications for tsunami
generation. Adding frictional-strengthening to a region of the fault reduces both
average slip and free surface displacement above the strengthening zone, with
the magnitude of the reduction depending on the strengthening zone location.
Corresponding tsunamimodels, which use a finite differencemethod to solve linear
long-wave equations (Shuto, 1991; Satake, 2002), match sea floor displacement,
in time, to the free surface displacement from the rupture models. Tsunami
models show changes in local peak amplitudes and beaming patterns for each
slip distribution. Future work will focus onmore realistic fault geometry, stochastic
stress distributions, and stochastic frictional-strengthening distributions thatmatch
observations.

Incorporating Progressive Rupture into TsunamiModels for TsunamiWarning
FRYER, G. J., Pacific Tsunami Warning Center, Ewa Beach, HI, gerard.fryer@
noaa.gov; BECKER, N. C., Pacific Tsunami Warning Center, Ewa Beach, HI,
nathan.becker@noaa.gov; WANG, D., Pacific Tsunami Warning Center, Ewa
Beach, HI, dailin.wang@noaa.gov

Tsunami warning centers run tsunami models after every potentially tsunamigenic
earthquake to determine the region to be warned. Models currently assume
instantaneous rupture, but for slow or very large earthquakes that assumption can
produce misleading forecasts, particularly if rupture is unilateral. For example, the
unilateral rupture of theM7.7 2006West Java earthquake (rupture speed∼1km/s),
rotated themaximumof the tsunami radiation pattern 13◦ from the trench-normal
maximum implicit in instantaneous rupture. If such a slow earthquakewere to occur
off the Alaska Peninsula, erroneously assuming instantaneous rupture would result
in underwarning for the West Coast and overwarning for Hawaii, or vice versa,
depending on the direction of rupture. For the largest earthquakes (which tend to
rupture unilaterally) the consequences ofmismodeling are evenmore severe. Runup
on the coasts of Sri Lanka and India during the 2004 IndianOcean tsunami cannot
be explained without invoking progressive south-to-north rupture of the Sumatra-
Andaman earthquake, and the errors of the instantaneousmodel progressively grow
as calculations are carried intoAtlantic and PacificOceans. To avoid such problems,
we are developing a fast finite-fault analysis procedure to define the propagating-
rupture sources needed for tsunamimodeling. Until this procedure is implemented,
however, we shall have to assemble ad hoc progressive-rupture sources guided by the
mismatch between hypocenter and centroid locations (the latter determined from
W -phase inversions) and between origin time and centroid time.

Joint Earthquake Source Inversion of Land- and Ocean-based Geophysical
Sensors for Tsunami Early Warning
MELGAR, D., Scripps Institution of Oceanography, La Jolla, CA, dmelgarm@
ucsd.edu; BOCK, Y., Scripps Institution of Oceanography, La Jolla, CA, ybock@
ucsd.edu

Computation of tsunami intensities in the regions adjacent to large earthquakes
immediately after rupture remains a challenging problem. Seismological
instrumentation in the near field cannot be objectively employed for real-time
inversions and the non-unique source inversion results are a major concern for
modelers. Employing near-field seismic, GPS and ocean wave gauge data from the
M9 Tohoku-oki earthquake, we test the capacity of static finite fault models to
produce reliable tsunami forecasts. We demonstrate the ability of seismogeodetic

source models determined from combined land-based GPS and strong motion
seismometers to forecastnear-source tsunamis in∼3minutesafterorigin time(OT).
We show that these models, based on land-borne sensors tend to underestimate the
tsunami but are good enough to provide a realistic first warning.We show that rapid
ingestion of offshore shallow water (100 1000 m) wave gauge data significantly
improves the model forecasts and possible warnings. We ingest data from ocean-
bottom pressure sensors and GPS buoys into the inversion process. Tsunami Green
functions are generated using the GeoClaw package, a benchmarked finite volume
code with adaptive mesh refinement. These are used for a joint inversion with
the land-based data and substantially improve the earthquake source and tsunami
forecast. Model skill is assessed by detailed comparisons of the simulation output to
2000+ tsunami runup survey measurements collected after the event. We update
the source model and tsunami forecast at 10 min intervals. By 20 min after OT
the tsunami is well-predicted with a high variance reduction to the survey data and
by∼30 minutes a final model is obtained with little changed observed afterwards.
This approach minimizes operator interaction, it relies on a finite-extent CMT to
distinguish among strike-slip, normal and thrust faulting events, all of which have
been observed in subduction zones. and pose distinct hazards.

Meteotsunamis Generated by Mesoscale Convective Systems along the U.S.
East Coast on June 13th, 2013
WERTMAN, C. A., University of Rhode Island, Narragansett, RI, caking@my.
uri.edu; YABLONSKY, R. M., University of Rhode Island, SHEN, Y., University
of Rhode Island, MERRILL, J., University of Rhode Island, KINCAID, C. R.,
University of Rhode Island, POCKALNY, R. A., University of Rhode Island,

Two high-frequency sea level oscillation events occurred on June 13th, 2013 along
the east coast of the United States, causing injuries and property damages. No
earthquakes or other known geologic triggers were detected near the coast at
the time of the events. However, the events coincided with the passage of two
eastward propagating mesoscale convective systems (MCSs) that produced high-
frequency atmospheric surface pressure anomalies.While theMCSswere over land,
the USArray Transportable Array recorded the associated pressure anomalies in
detail; as the pressure anomalies moved offshore, they were recorded by NOAA
tide gauge sensors. As theMCSs propagated over the ocean, the pressure anomalies
generated shallowwaterwaves, whichwere amplified byProudman resonance under
an approximately Froude number one regime. Analysis of the NOAA tidal data
reveals that after the atmospheric forcing is negligible, these shallow water waves
(i.e. meteotsunamis) propagated freely, reflected off the continental shelf break,
and arrived at various coastal locations, where the local bathymetry and coastal
geometry contributed to the meteotsunamis’ destructive impacts. This case study
demonstrates that it is possible and perhaps advisable to quantify pressure anomalies
associated withMCSs in the interior of the continental United States, which could
lead to real-time prediction ofMCS-generated meteotsunamis and set the stage for
a meteotsunami warning system.

Tracking FluidMovement in Volcanic Systems
Oral Session · Friday · 8:30 AM · 2May · Room 7/8 Session
Chairs: John Lyons, Helena Buurman, Diana Roman and
David Fee

Re-Examining the Tectonic/Magmatic Controls on Dynamic Triggering in the
Brittle Crust
PREJEAN, S. G., USGS, Anchorage, AK; HILL, D. P., USGS, Menlo Park, CA

Theoretical considerations suggest that transtensional environments may be
more likely to experience dynamic earthquake triggering than transpressional
environments.This conclusionassumesoptimallyoriented faults,Anderson faulting
theory, and that Coulomb failure is at play. However in some locales, including
volcanic regimes, the factors controlling rupture initiationmaybemorecomplicated.
Ithasbeensuggestedthatvolcanoesareunusuallysusceptibletotriggeringduetohigh
heat flow,highpore-fluidpressures, anddynamic fluidmigration.Toprobe this issue,
we assess dynamic triggering and lack thereof at 24 seismically monitored Alaskan
volcanoes. Since these volcanoes have a wide range of seismicity and stressing rates,
both spatially and temporally, as a group they provide a comprehensive perspective
on the likelihood of dynamic triggering in active volcanic regimes. The time period
of our study (2006 2013) includes six eruptions at five volcanoes and several non-
eruptive magmatic intrusions. We find that clear evidence of immediate dynamic
triggering is lacking after 48 M7+ events in all but two cases: Pavlof Volcano
following the 2011 M9.0 Tohoku-Oki earthquake and Martin Volcano following
the 2007 M8.1 Kurile earthquake. In the Pavlof case the long-period nature of
triggered events suggests that disruption of the hydrothermal or magmatic system
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may be the culprit process. Delayed dynamic triggering is more common at several
additional volcanoes and geothermal systems, also suggesting an aseismic root to the
triggering process.Overall, however, dynamic earthquake triggering atAlaskan (and
reportedly Japanese) volcanoes is rare compared to some areas such as the western
contiguous United States, even during times of intense volcanic unrest.

Magmatic and Hytrothermal Fluid Controls on Deep, Distal and Shallow
Volcanic Seismicity
WHITE, R. A., US Geological Survey, Menlo Park, CA, rwhite@usgs.gov;
MCCAUSLAND, W., US Geological Survey, Cascades Volcano Observatory,
Vancouver, WA, wmccausland@usgs.gov

We present evidence that magmatic fluids primarily drive six types of seismicity at
volcanoes: 1) deep, primarily low-frequency (DLF) seismicity, 2) distal volcano-
tectonic (dVT) events, 3) shallow very-low-frequency (VLF) events, 4) shallow
low-frequency (LF) seismicity, 5) spasmodic bursts of shallow (SBVT) events and6)
very shallow hybrid seismicity. We show that hydrothermal fluids are also involved
in generation of seismicity types 2), 4) and 5). Trends precursory to eruptions
include DLF (e.g., >15 km deep) seismicity as mafic magma rises through the
lower crust and dVT earthquakes as magma rises through the mid-crust. Magma
reaching the uppermost crust produces VLF events as magmatic fluids intrude
the brittle crust and produce LF and SBVT seismicity as those fluids interact
with hydrothermal systems. Finally, very shallow hybrid earthquakes occur as silicic
magma rises through the uppermost 1 2 km of the crust. A survey of 78 eruptions
at 61 dormant volcanoes shows they were preceded by dVT earthquake swarms
on tectonic fault structures 2 30 km away from the intruding magma. This dVT
seismicity ramped up over hours to years, then peaked and suddenly died off at
the time of initial phreatic explosions. Focal mechanisms of the dVT’s have>50%
CLVD components and at the time of dVT die-off, extrusions of H2O were often
observed as sudden artesian springs and/or lahars. We infer that dVT seismicity is
producedwhenmagmatic intrusions over-pressurize confined aquifers drivingwater
into andunlocking adjacentpre-stressed faults. Phreatic explosions then temporarily
destroy confinement of the aquifers by boiling off and/or squeezing out the water,
terminating the distal seismicity at least temporarily but then initiating LF, VLF and
SBVT seismicity as magma rises into the hydrothermal zone. The seismic energy
release rates, deformation and gas emissions are correlated and controlled bymagma
ascent rate and degassing.

DoPre-EruptiveSwarmshaveSystematicallyDifferent Earthquakes thanNon-
Eruptive Swarms?
BUURMAN, H., University of Alaska Fairbanks, Fairbanks, AK, helena@gi.
alaska.edu; WEST, M. E., Alaska Earthquake Center, Fairbanks, AK, mewest@
alaska.edu

Almost all volcanic eruptions are preceded by a seismic swarm, but not all seismic
swarms precede volcanic eruptions. Swarms that lead to eruptive activity are
presumed to be triggered by the ascent of magma through the brittle crust. The
triggers for swarms that do not precede eruptions are more varied, and can include
the movement of hydrothermal fluids, changes in the regional stress field and
surficial processes such as glacial surges or landslides. To complicate things further,
deformation data and gas measurements often indicate that swarms which don’t
erupt are still triggered by ascending magma, but that the rising magma stalls before
it reaches the surface. The challenge for volcano seismologists is to identify when a
swarm is being generated by rising magma that will lead to an eruption.

In this study we search for correlations within pre-eruptive and non-eruptive
swarms from a variety of volcanic settings. In order to make systematic comparisons
across our dataset, we employ identical processing techniques to waveform data
from over 20 existing earthquake catalogues. We analyse temporal variations in
the waveform frequency content and repeatability throughout each swarm in
our dataset. Magma intrusions are known to disrupt the local stress field, which
affects where seismicity is generated as well as the local attenuation structure. We
search for patterns in the hypocenter distribution and the waveform characteristics
of pre-eruptive swarms that are not present in other swarms, which can be
attributed to the change in the local stress field due to the presence of magma.
We also examine whether volcanic setting systematically influences these waveform
characteristics.

Short-Term Seismic Quiescence Immediately Preceding Explosive Eruptions
ROMAN, D. C.,Carnegie InstitutionofWashington,Washington,DC,droman@
dtm.ciw.edu; RODGERS, M. J., University of Oxford, Oxford, UK, melanie.
rodgers@earth.ox.ac.uk; GEIRSSON, H., Penn State University, State College,
PA, hgeirsson@psu.edu; LAFEMINA, P. C., Penn State University, State
College, PA, pcl11@psu.edu; MUNOZ, A., Instituto Nicaraguense de Estudios

Territoriales, Managua, Nicaragua; TENORIO, V., Instituto Nicaraguense de
Estudios Territoriales, Managua, Nicaragua

Vulcanian,phreatic explosions are relatively commonatactivevolcanoes, oftenoccur
without obvious warning, and endanger people and/or aircraft in the immediate
vicinityof the vent.Thus, identificationof subtle short-termprecursors to individual
phreatic explosions is critical for reduction of local volcanic hazard worldwide. The
March-June 2011 eruption of Telica Volcano, Nicaragua, eruption was phreatic or
phreato-magmatic, and required the evacuation of over 500 people from the local
area.The eruption consisted of numerous small tomoderate ash explosions,with the
largest occurring between May 13 23. Combined visual, infrasound, and seismic
observations indicate a total of 30 explosions duringMay 2011. Concurrent seismic
activitywasrecordedbya localbroadbandseismicnetwork(theTESANDnetwork).
Comparison of the timing of seismically-detected explosions with seismicity rates
indicates that explosions follow short-term periods of reduced seismic activity
from May 13 26, and visual inspection of continuous seismic data confirms that
explosions fromMay13onwards are preceded by 1 4hours of dramatically reduced
seismicity rates. During May 2011, Telica’s seismicity consisted predominantly
of low-frequency (LF) events, which may be the result of gas flow through a
relatively open shallow hydrothermal system. We suggest that short-term sealing
of the shallow hydrothermal system led to the observed precursory cessations of LF
seismicity and a build-up of gas pressure leading to the ensuing phreatic explosions.
Similar short-term decreases in seismic activity have also been documented prior
to explosive eruptions at Suwanose-jima Volcano, Japan, and Redoubt Volcano,
Alaska. Thus, it is possible sudden cessation of LF seismicity at an open-vent
or restless volcano may function as a short-term warning that an explosion is
imminent.

Evidence for Ongoing Magma Recharge at Mount St. Helens, Washington
MORAN, S. C., USGS, Vancouver, WA, smoran@usgs.gov; LISOWSKI, M.,
USGS, Vancouver, WA,mlisowski@usgs.gov

Since the last eruption of Mount St. Helens (MSH) in 2004 2008, earthquake
rates of M> 0 per year have been slightly lower (95 located events per year) than
in the five years prior to 2004 (115 per year). This is in marked contrast to the
five years immediately following the 1980 86 eruptive period, when the yearly
average rate was 400 events and there was clear evidence, in the form of rotated
fault-plane solutions (FPS), that magma recharge was occurring at depths> 2 km.
However, analysis of 55 FPS from 2008 2013 show that stress fields at depths
> 2 km are significantly different from the regional stress field, with most P and
T axes quasi-horizontal and on average rotated ∼30 degrees. These patterns are
broadly consistent with repressurization occurring within the magmatic system.
Themajority of these FPS come from 2012 2013, when there was also a significant
increase in the number of events occurring at depths> 2 km. Additional evidence
for recharge comes from deformation trends observed on the GPS network that
has been in place at MSH since 2004. Decaying inward and downward motion
of nearby GPS stations accompanied the 2004 2008 eruption. This deformation
reversed after the eruption stopped in January 2008, eventually recovering about
half of the observed deflationary deformation before leveling off in the last several
years. Deformation modeling indicates that a deep magma source, best fit by a
7-km-deep vertically elongate prolate spheroid, fed the eruption and was partially
recharged in the years after the eruption stopped. Although recharge is indicated
by these trends, we infer that the rate of recharge in 2008 2013 is much less
than in 1987 1992 based on the lower seismicity rates and seismic moment
release.

Volcanic Tremor and Frequency Gliding during the 2011 Kamoamoa Eruption,
Kilauea, Hawai‘i
UNGLERT, K., University of British Columbia, Vancouver, BC, Canada,
kunglert@eos.ubc.ca; JELLINEK, A. M., University of British Columbia,
Vancouver, BC, Canada,mjellinek@eos.ubc.ca

We examine seismic data from 11 stations during the 2011 Kamoamoa eruption
(Mar 6 10), Kilauea, Hawai‘i. On Mar 6, magma drained from the summit and
from Pu‘u O’o into an inflating dike in the East Rift Zone (ERZ). The eruption
started when the dike reached the surface, and lasted until Mar 10.

Volcanic tremor persisted throughout the eruptive episode with varying
amplitudes. At stations closest to the summit, non-harmonic tremor was
characterized by oscillation frequencies below 7 Hz, with energy concentrated
between 1 2 Hz.

For the first time on Kilauea, we detect a systematic temporal variation in the
frequency of a spectral peak (frequency gliding).After the onset of tremor, therewas
an approximately linear increase in the frequency of a spectral peak from 0.5 6 Hz
over several hours, followed about a day later by a similarly linear decrease. We test
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whether gliding is related to the filling and draining of the dike through diffusion
of pore pressure into the porous rocks of the ERZ.

We assume the rock forming the ERZ is a deformable rock-gas porousmatrix.
Over the short time scale of the gliding oscillationwe assume that the gas is trapped,
behaving as a restoring gas spring with a stiffness that depends on pore pressure.
Migration ofmagma from the summit into the ERZ introduces a pressure transient.
This drives a pressurewave into the surrounding rocks, where the gas phase oscillates
in response to some external forcing. The diffusion of pore pressure causes the gas
spring to stiffen and the tremor frequency to climb. Draining of the dike reverses
the process, ultimately causing the tremor frequency to decline.

Ourmodel is consistentwithvisual observationsof the eruptive activityduring
theKamoamoa eruption.We test the sensitivity of themodel predictions to physical
parameters andtemporal andspatial scalesprescribedby theobservations, andsearch
for gliding during a previous, similar eruption at Kilauea in 2007.

Air-ground Coupling of Volcanic Tremor Using Cross-Spectral Analysis
FEE, D. E., University of Alaska Fairbanks, Fairbanks, AK, dfee@gi.alaska.edu;
MATOZA, R. S., Scripps Institution of Oceanography, La Jolla, CA, rmatoza@
ucsd.edu

Identification of volcanic activity using geophysical sensors is often difficult due to
limited deployments, low signal-to-noise, and complex waveforms. Recent studies
have focused on integrating seismic and acoustic sensors to better characterize
volcanic activity, including air-ground and ground-air coupling. However, volcanic
eruptions often simultaneously generate sustained seismic and infrasonic signals,
e.g., by fluid flow occurring in both the subsurface and atmosphere. We employ
and build upon the recent work of Ichihara et al. [2012] using cross correlation,
coherence, and cross-phase spectra between vertical seismic velocity and acoustic
pressure waveforms to provide new information about air-ground and ground-air
coupling. We combine this method with infrasound array processing at Mount St.
Helens to clearly identify air-ground coupling of acoustic energy previously thought
to be seismic tremor. Applying this method to other volcanoes (e.g. Redoubt,
Augustine) illustrates some of the limitations and complexities of the method as
well. Lastly, we apply the method to the Chelyabinsk meteor signal recorded on the
USArray and an IMS infrasound array to show air-ground coupling of this signal
is apparent even at long-range and relatively low signal-to-noise. We anticipate this
type of analysis will have wide applicability to arbitrary seismo-acoustic sources and
in exploiting the growing volume of seismo-acoustic data

Seismic Radiation from Volcanic Conduits: Characterization of Propagating
Waves and Source Excitation
KARLSTROM, L., Stanford University, Stanford, CA, leifk1@stanford.edu;
DUNHAM, E. M., Stanford University, Stanford, CA, edunham@stanford.edu

Volcanic conduits are strongly stratified multiphase mixtures of magma, bubbles
and crystals exhibiting vertical gradients in density and pressure that drive flow.
Perturbations to this system will excite normal modes that would couple to the
solid Earth and atmosphere. Waves propagating up and down the conduit provide
a potential link between seismic or infrasonic observations and fluid processes that
control eruption style and mass discharge. We examine the behavior of such waves
in a model of multiphase flow within a cylindrical conduit. Magma is idealized as
a mixture of gas and liquid phases, accounting for compressibility of both phases,
viscosity of the mixture, and a finite exsolution time for mass exchange between
the phases. We study perturbations to a static magma column as well as a case
in which there is steady background flow (as during an eruption). In the short-
wavelength limit, normal modes of the conduit are characterized by a dispersion
relationship with three distinct frequency regimes, in which propagation occurs at
the nonequilibrium sound speed of the bubbly fluid, the equilibrium sound speed,
and speed of gravity waves. A more general numerical stability analysis, in which
perturbations are superimposed on background gradients in base state variables in a
finite length conduit, reveals that normalmodes are localized as a function of depth.
Depending on the degree of stratification (gas content) and presence of background
flow, we find modes trapped above and below the gas exsolution depth, as well as
above and below the fragmentation depth (for the case of an explosive eruption).
In the presence of fluid viscosity and non-equilibrium volatile exsolution, conduit
acoustic waves are generally damped, although damping rate varies as a function of
wavelength. We are currently studying the excitation of volcanic conduit normal
modes by moment tensor sources within the conduit, and will then predict the
resulting long period seismic radiation.

Volcanic and Non-Volcanic Events from the Nascent Mt. Pagan Seismo-
Acoustic Network
LYONS, J. J. L., USGS Alaska Volcano Observatory, Anchorage, AK, jlyons@
usgs.gov; HANEY, M. M. H., USGS Alaska Volcano Observatory, Anchorage,
AK,mhaney@usgs.gov; FEE, D. E. F., University of Alaska Fairbanks, Fairbanks,

AK, dfee@gi.alaska.edu; READ, C. W. R., USGS Alaska Volcano Observatory,
Anchorage, AK, cread@usgs.gov; PASKIEVITCH, J. F. P., USGSAlaskaVolcano
Observatory, Anchorage, AK, jpaskie@usgs.gov

Mt. Pagan is a small (570meters above sea level), active basaltic cone filling a caldera
that sits atop one of the largest volcanoes (2160 km3) in the Mariana volcanic
arc front, with a base that extends 2000 3000 meters below sea level. A VEI 4
eruption in 1981 that forced the evacuation of the island was the most recent
serious activity, but low-level activity is persistentwith a robust degassing plume and
occasional small ash explosions. A new monitoring network was installed in 2013,
consisting of 7 broadband seismometers, 2 6-component infrasound arrays and two
web cameras. The activity to date is dominated by frequent long-period (LP) events
(> 1000/day) with energy peaked from 0.6 2 Hz. The network has also recorded
extended (minutes duration), emergent seismo-acoustic signals likely associated
with energetic degassing as well as explosion signals. Continuous beamforming of
waveforms from the infrasound arrays shows that degassing from the summit vent
is an impressive source of nearly continuous, low-frequency sound. We provide an
overview of the signals recorded on the Pagan network since July 2013, including
characteristics of repeating LP events and initial location constraints and source
mechanisms of seismic events.

In addition to volcanic signals, the network has proven useful for
discriminating between volcanic and non-volcanic LP signals.Non-volcanic sources
of LP signals generally include ice movement and glacial outburst floods, and the
waveform characteristics and frequency content of these events often make them
difficult to distinguish from volcanic LP events.We analyze seismic and infrasound
data from an LP swarm recorded at Pagan on 12 14 October 2013, and compare
the results to ocean wave data from a nearby buoy. We demonstrate that although
the events show strong similarity to volcanic LP signals, the events are not volcanic
but due to intense surf generated by a passing typhoon.

Cyclic hybrid swarms at Soufriere Hills Volcano, Montserrat, 1996 2001
THOMPSON, G., University of South Florida, Tampa, FL, thompsong@mail.
usf.edu;MCNUTT, S. R.,University of South Florida, Tampa, FL, smcnutt@usf.
edu

Banded tremor is a fascinating signal where cycles of volcanic tremor, comprised
of hybrid earthquakes, repeat at intervals of several hours. Banded tremor has been
recorded on many volcanoes including Izu-Oshima, Etna, Nevado del Ruiz, St.
Helens, Pinatubo and the SoufriereHills Volcano (SHV),Montserrat.We analyzed
1-minuteRSAMand tiltmeter data from Jul 1995 Dec 2001 to construct a catalog
of cyclic seismicity recorded at SHV. We identified 8 episodes of cyclic seismicity,
ranging in duration from 1 12 weeks, containing 645 cycles with periods ranging
from 3 24 hours and reduced displacement up to 5 cm2. Comparing our catalog
of cyclic seismicity to a catalog of dome collapse events we found 19 of 21 dome
collapses during phase 1 of the eruption (Jul 1995-Mar 1998) were preceded by or
coincident with (cyclic) swarms. In phase 2 of the eruption (beginning Nov 1999)
major dome collapseswere instead followed by cyclic seismicity.No cyclic seismicity
was recorded during the pause (Mar 1998-Nov 1999).

We suggest that cyclic swarm episodes are a symptom of a high pressure
gradient in the magmatic column, caused by either the influx of new magma at
depth, or the removal of the dome complex. In phase 1, characterized by rapid
extrusion, rapid magma ascent caused frequent small dome collapses and Vulcanian
explosions, which terminated or reduced the amplitude of cyclic swarms. In phase
2, characterized by slower extrusion, larger, more stable dome complexes were built.
The major dome collapses that occurred depressurized the upper conduit, leading
to accelerated magma ascent and onset of cyclic seismicity. Ash venting and dome
glow were observed at the peak of many cycles.

Citizen Seismology: Citizens Helping Science Helping
Citizens
Oral Session · Friday · 1:30 AM · 2May · Room 7/8 Session
Chairs: Paul Earle, Susan Hough and Gail Atkinson

Earthquake Intensity Distributions: A New View
HOUGH, S. E., US Geological Survey, Pasadena, CA, hough@usgs.gov

Previous studies have demonstrated both the tremendous value of macroseismic
data and the perils of their uncritical assessment. Traditionally, archival accounts
of historical earthquakes are used to assign intensity values using the modified
Mercalli intensity (MMI) or other scales. Traditional MMI values (MMI_T) for
historical events can be analyzed using intensity-prediction equations developed
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from MMI_T values estimated for instrumentally recorded events. The U.S.
Geological Survey ‘Did You Feel It?’ (DYFI) system now collects and systematically
interprets thousands of first-hand reports from felt earthquakes, using an algorithm
to estimate Community Decimal Intensity (CDI) values within ZIP codes or
geocoded cells. A comparison of the intensity-prediction equations developed
independently for MMI_T and CDI data reveals a discordance in amplitude and
distance-decay,withMMITdistributions suggestingmoredramatic effects at greater
distances, evenwhen intensities are assigned according tomoremodern conservative
practices. Using spatially rich CDI data for the 2011Mineral, Virginia, earthquake,
I show that CDI values within large cities are normally distributed; by design the
DYFI system assigns mean values from multiple responses. I present evidence that
MMI_T values tend to be controlled by extreme effects due to a fundamental
tendency to report dramatic rather than representative effects. I introduce an
empirical correction-factor approach to correct for this bias.This allows the growing
wealth of well-calibrated DYFI data to be used as calibration in the analysis of
historical earthquakes. As a case study I analyze the 1868 Hayward, California,
earthquake, for which a particularly rich MMIT dataset is available, and estimate
a magnitude of 6.4 6.6, a lower value than estimated by previous studies. I discuss
the implications for probabilistic seismic hazard assessment of partially creeping
faults.

Reconciling Intensity Prediction Equations with Ground Motion Prediction
Equations
ATKINSON, G. M., Western University, London, ON, Canada, gmatkinson@
aol.com; WORDEN, C. B., USGS, Golden, CO, cbworden@usgs.gov; WALD,
D. J., USGS, Golden, CO, wald@usgs.gov

Equations that predict intensity as a function of magnitude and distance are
a useful tool for quantitative shaking hazard and loss assessment, and in the
interpretation of both contemporary and historical earthquakes. The intensity
prediction equations (IPEs) of Atkinson and Wald (2007) (AW07) have been
very successful in describing the level and intensity of motions reported under the
‘Did You Feel It?’ (DYFI) program. Examination of the performance of AW07
for North American earthquakes, evaluated using an extensive compiled database
of DYFI observations, suggests that there is little statistical basis for revising these
equations. However, a problem with the AW07 equations is that they scale too
uniformly (i.e. no magnitude or distance saturation effects) and thus predict
unrealistically-large median intensities for large events (M>6) at close distances.
Intensity data are insufficient to redress this issue, as they are too sparse in the
magnitude-distance range of concern. The AW07 equations can be improved by
‘closing the loop’between IPEs and ground-motion prediction equations (GMPEs)
to reveal more suitable intensity scaling at large magnitudes and close distances.
It has been shown (AW07) that DYFI intensity tracks instrumental measures of
ground motion such as peak ground velocity very closely; moreover, statistical
studies (Worden et al., 2012; W12) have provided robust correlations that relate
DYFI intensity to ground-motion measures and vice versa. We use the equations
of W12 to compare GMPEs (in particular Boore, Stewart, Seyhan and Atkinson,
2014) to AW07’s IPEs. Recent GMPEs are constrained over a wide range of
magnitudes and distances, enabling a more robust calibration ofMMI predicted by
the GMPE (via W12) to DYFI observations, over a broad overlapping data range
(M3.5 toM6.5 are plentiful to 100km inbothdatasets). Based on this reconciliation
of intensity and ground-motion predictions, we propose a revised version of our
IPEs.

Quantitative Analyses of Did You Feel It? Data
WORDEN, C. B., Synergetics, Inc., Pasadena, CA, cbworden@usgs.gov;WALD,
D. J., USGS, Golden, CO, wald@usgs.gov; QUITORIANO, V., USGS, Golden,
CO, vinceq@usgs.gov; CAPRIO, M., Swiss Seismological Service, ETH, Zurich,
Switzerland,martimuma@gmail.com

The availability of the ‘Did You Feel It?’ (DYFI) system for most felt earthquakes
in the United States for the past fifteen years has provided an enormous database
of millions of macroseismic intensity observations. DYFI data are also available for
many global earthquakes, though most were made at a coarser resolution (until last
year, when self-geocoding was implemented internationally). DYFI was designed to
be consistent with traditionalModifiedMercalli Intensity observations, and studies
have generally shown this to be the case. DYFI data then, combinedwith traditional
MMI observations, and coupled with near-coincident records from seismographic
instruments, have provided a rich dataset suitable for quantitative analysis. Here
we review ourworkwith ground-motion/intensity conversion equations (GMICE)
for California, and discuss their apparent regional variations when applied to global
earthquakes, most demonstrably inGreece and Italy. These regional differences lead
to the development of a GMICE for global earthquakes that includes terms for

regional differences that may be applied in areas where the behavior appears similar
to one of the well-constrained regions (California, Greece, and Italy). The high
density of DYFI observations also makes the data suitable for a number of other
quantitative analyses. We present preliminary results regarding DYFI intensity’s
well-behaved intraevent spatial correlation, its surprisingly small variance, and its
response to soil amplification.

Performance of Several Low-Cost Accelerometers
EVANS, J. R., U.S. Geological Survey, Santa Cruz, CA, jrevans@usgs.gov;
ALLEN, R. M., Univ. of Calif. at Berkeley, Berkeley, CA, rallen@berkeley.
edu; CHUNG, A. I., Stanford Univ., Stanford, CA, angelaichung@gmail.
com; COCHRAN, E. S., U.S. Geological Survey, Pasadena, CA, ecochran@
usgs.gov; GUY, R., Calif. Inst. of Tech., Pasadena, CA, rguy@gps.caltech.
edu; HELLWEG, M., Univ. of Calif. at Berkeley, Berkeley, CA, peggy@seismo.
berkeley.edu; LAWRENCE, J. F., Stanford Univ., Stanford, CA, jflawrence@
stanford.edu

Several groups are creating low-cost host-operated accelerograph systems to support
seismologists and engineers. These networks use very inexpensive sensors, host
installation, computing, and telemetry to make networks economical to purchase
and operate. The Advanced National Seismic System (ANSS) is exploring the
potential of such systems for its networks.

Examples of such networks include the Community Seismic Network (csn.
caltech.edu) and the Quake-Catcher Network (Cochran et al., 2009; qcn.stanford.
edu). The overarching goals of such efforts are to increase spatial density of existing
networks but at very lowper-site cost.Host operation brings newpeople into citizen
science fostering interest in the issues of earthquakes and adding measurement that
can mitigate damage.

Wesummarize theperformanceofawiderangeof low-cost sensors fromtesting
at the Albuquerque Seismological Laboratory and elsewhere. They commonly have
resolution from 12 16 bits over±2 g, with a triaxial cost of about $100 to $200;
they canhave eitherUSBor analogoutputs; in our caseUSBoutputs are recordedon
software running on a laptop or within the instrument. We did ‘box flip’ tests for 0
Hz for sensitivity, offset, and axis orientations, and wemeasured amplitude transfer
functions. These are some of the tests commonly applied to ANSS accelerometers
of any given precision.

Two of the sensors we tested performed acceptably. Others, as tested, would
not be viable in ANSS networks. The better devices have better resolution than the
Kinemetrics SMA-1, which drove the early decades of earthquake building-code
development. Axis orientation and sensitivity are less precise than in other ANSS
accelerometers andmightneed tobe corrected if applied for sensitivepurposes (legal
proceedings, design events, ground-motion models). However, in applications like
ShakeMap where predictive uncertainties are nearly a factor of two, these low-cost
devices are sufficient without correction.

Twitter Based Earthquake Detection and Characterization: System
Assessment and Future Directions
EARLE, P. S.,USGS,Golden,CO,pearle@usgs.gov;GUY,M.R.,USGS,Golden,
CO, mguy@usgs.gov; HORVATH, S. R., USGS, Reston, VA, shorvath@usgs.
gov; TURNER, J. S., USGS, Golden, CO, jtruner@usgs.gov; BAUSCH, D.,
FEMA, Denver, CO, Douglas.Bausch@dhs.gov

The U.S. Geological Survey (USGS) operates a realtime system that detects
earthquakes using only data fromTwitter a service for sending and reading public
text-based messages of up to 140 characters. The detector algorithm scans for
significant increases in tweets containing the word ‘earthquake’ in several languages
and sends internal alerts with the detection time, representative tweet texts, and
the location of the population center where most of the tweets originated. It has
been running in real-time for over two years and finds, on average, two or three
felt events per day with a false detection rate of 8%. The main benefit of the
tweet-based detections is speed, with most detections occurring between 20 and
120 seconds after the earthquake origin time. This is considerably faster than
seismic detections in poorly instrumented regions of the world. The detections
have reasonable coverage of populated areas globally. The number of Twitter-based
detections is small compared to the number of earthquakes detected seismically, and
only a rough location and qualitative assessment of shaking can be determined based
onTweet data alone.However, theTwitter detections are generally caused bywidely
felt events that are of more immediate interest than those with no human impact.
We will present a technical overview of the system and investigate the potential
for rapid characterization of earthquake damage and effects using the 22 million
‘earthquake’ tweets that the system has so far amassed. We will also investigate the
potential use of other social media sources such as Instagram and Flickr for rapid
impact assessment.
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Earthquake Physics and Interaction
Oral Session · Friday · 3:45 PM · 2May · Room 7/8 Session

Temporal andSpatialClusteringof Intermediate-DepthEarthquakes: Evidence
for a Cascading Effect
BARRETT, S. A., Stanford, Stanford, CA, sabarrett@stanford.edu; PRIETO, G.
A., Massachusetts Institute of Technology, Cambridge, MA, gprieto@mit.edu

Intermediate-depth earthquakes are often observed in dense concentrations of
seismicity called nests. While these clusters occur globally, the most concentrated
of this activity is observed in the Bucaramanga nest in northern Colombia. We
detect events within the Bucaramanga nest using a regional seismic network. Each
day, there are approximately 18 detectable events,manywith similar waveforms, and
somewith reversed polaritywaveforms.Cluster analysis strengthens the observation
of the reverse polarity families. We use a pair-wise correlation matrix of all available
stations, with a minimum of three observations, normalized for the total number
of observations. An average-linkage algorithm, divides the events clearly into two
distinct groups.We use another agglomerative hierarchical method (single-linkage)
to investigate events within these established groups.

We relocate these events using double-differences to illuminate two distinct
features within the nest. Each of the two earthquake families corresponds, roughly,
to one of these roughly linear features. We examine the recurrence interval of these
two groups with respect to their new locations and observe clustering of the groups
in time and space in somecases showing repeating eventswithin a few10sofmeters
each another. We also investigate the focal mechanism of the repeating events to
assess if the rupture might occur along the same fault patch, suggesting a cascading
effect, possibly associated with thermal shear runaway.

Time-Dependent Earthquake Forecasts on a Global Scale
RUNDLE, J. B., University of California, Davis, CA, john.b.rundle@gmail.com;
HOLLIDAY, J. R., University of California, Davis, CA, jrholliday@ucdavis.edu;
TURCOTTE, D. L., University of California, Davis, CA, dlturcotte@ucdavis.
edu; GRAVES,W. R., Open Hazards Group, Davis, CA, bill@openhazards.com

Wedevelopand implementanewtypeofglobal earthquake forecast.Our forecast is a
perturbationonasmoothedseismicity (Relative Intensity) spatial forecast combined
with a temporal time-averaged (‘Poisson’) forecast. A variety of statistical and fault-
system models have been discussed for use in computing forecast probabilities. An
example is the Working Group on California Earthquake Probabilities, which has
been using fault-based models to compute conditional probabilities in California
since 1988. An example of a forecast is the Epidemic-Type Aftershock Sequence
(ETAS), which is based on the Gutenberg-Richter (GR) magnitude-frequency law,
the Omori aftershock law, and Poisson statistics. The method discussed in this talk
is based on the observation that GR statistics characterize seismicity for all space
and time. Small magnitude event counts (quake counts) are used as ‘markers’ for
the approach of large events. More specifically, if the GR b-value = 1, then for
every 1000M>3 earthquakes, one expects 1M>6 earthquake. So if∼1000M>3
events have occurred in a spatial region since the last M>6 earthquake, another
M>6 earthquake should be expected soon. Event count models have been called
natural timemodels, since counts of small events represent a physical or natural time
scale characterizing the system dynamics. In previous research, we used conditional
Weibull statistics to convert event counts into a temporal probability for a given
fixed region. In the present paper, we move belyond a fixed region, and develop
a method to compute these Natural Time Weibull (NTW) forecasts on a global
scale, using an internally consistent method, in regions of arbitrary shape and size.
We develop and implement these methods on a modern web-service computing
platform, which can be found at www.openhazards.com and www.quakesim.org.
We also discuss constraints on the User Interface (UI) that follow from practical
considerations of site usability.

Seismic Evidence for Thermal Shear Runaway during Intermediate-Depth
Earthquake Rupture
PRIETO, G. A., Earth, Atmospheric, and Planetary Sciences, MIT, Cambridge,
MA, gprieto@mit.edu

Intermediate-depth earthquakes occur at depths where temperatures and pressures
exceed those at which brittle failure is expected. There are two leading candidates
for the physical mechanism behind these earthquakes: dehydration embrittlement
and self-localizing thermal shear runaway.

We use seismic data recorded on a regional network around the Bucaramanga
Nest, the highest concentration of intermediate-depth earthquakes in the world, to
better constrain which mechanism is relevant during rupture.

The combination of high stress drop and low radiation efficiency that we
observe forMw4 5 earthquakes implies a temperature increase of 600 1000◦Cfor
acentimeter-scale layerduringearthquakefailure.This suggests that substantial shear
heating, and possibly partial melting, occurs during intermediate-depth earthquake
failure.

Temporal and spatial clustering of these earthquakes shows aftershock
sequences of repeating earthquakes, located within meters of each other and with
similar focal mechanisms, in some cases within a few seconds of each other. This
suggests that the same patch is rupturing over a short time interval, suggesting
that the slow dissipation of the heat generated during previous rupture, allows for
repeating slip along the same fault plane.

Our observations support thermal shear runaway as the mechanism for
intermediate-depth earthquakes, which would help explain differences in their
behavior compared to shallow earthquakes.

A Global Comparison of Crustal Earthquake Scaling from Stable Event Ratio
Levels
YOO, S. H., Weston Geophysical Corp., Lexington, MA, hoonthhoonth@gmail.
com;WALTER,W.R., LLNL, Livermore, CA, bwalter@llnl.gov;MAYEDA, K.,
Weston Geophysical Corp., Lexington, MA, kevin.mayeda@gmail.com

A challenge with using corner frequency to interpret stress parameter scaling is
that stress drop and apparent stress are related to the cube of the corner frequency.
In practice this leads to high levels of uncertainty in measured stress since the
uncertainty inmeasuring the corner frequency is cubed to determine uncertainty in
the stress parameters.We develop a new approach using the low and high frequency
levels of spectral ratios taken between two closely located events recorded at the
same stations. This approach has a number of advantages over more traditional
corner frequency fitting, either in spectral ratios or individual spectra. First, if the
bandwidth of the spectral ratio is sufficient, the levels can be measured at many
individual frequency points and averaged, reducing the measurement error. Second
the apparent stress (and stress drop) is related to the high frequency level to the
3/2 power so the measurement uncertainty is not as amplified as when using the
corner frequency. Finally, if the bandwidth is sufficiently broad to determine both
the spectral ratio low and high frequency levels, the apparent stress (or stress drop)
ratio can be determined without the need to use any other measurements (e.g.,
moment, fault area), which of course have their own measurement uncertainties.
For this study, we processed a wide variety of moderate-to-large crustal earthquake
sequences using stable, high-resolution coda measurements and find overwhelming
evidence that self-similar scaling is not supportedby thedata, regardless of the source
model.

Stress Drop Studies of Earthquakes in the Southern North Island and Cook
Strait Region of New Zealand
BARNES, K., University of Texas-El Paso, El Paso, TX, kebarnes@miners.utep.
edu; DOSER, D. I., University of Texas-El Paso, El Paso, TX, doser@utep.edu;
ABERCROMBIE, R. E., Boston University, Boston, MA

We are using the empirical Green’s function technique to estimate stress drops
of events in the southern North Island of New Zealand and Cook Strait. In this
region the Pacific Plate subducts obliquely beneath the Australian Plate along
the Hikurangi Trough. The plate interface is strongly coupled, with slow slip
events occurring downdip of the strongly coupled zone. The goal of our study
is to determine if earthquakes occurring at the edges of the strongly coupled
zone have higher stress drops than those located in parts of the study area. Our
preliminary efforts are focused on the 2004 2005 Upper Hutt sequence (M3 to
M5.6) occurring within the Pacific Plate downdip of the locked zone and events
of the 2013 Cook Strait sequence (2 magnitude∼ 6.5 events). The results of this
studywill provide insight into stress loading along the interface and is part of a larger
study to determine if stress drops of New Zealand earthquakes vary with tectonic
setting.

75 Years of Frequency-Size-Distribution of Earthquakes:
Observations, Models and Understanding
Poster Session · Friday · 2May ·Cook/Arteaga

A Lower Bound for Gutenberg-Richter’s b-Value and Speculations on Fractal
Dimensions
NAVA, F. A., CICESE, Seismology Department, Ensenada, Baja California,
Mexico, fnava@cicese.mx

The Gutenberg-Richter distribution corresponds to an exponential probability
density function for magnitudes, which for moment magnitudes MW is valid only
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for b>2/3. Smaller b values are thus indicative of either sampling errors or of the
use of magnitudes which do not scale as MW .

In1981,K.Aki speculated that the fractal dimensionof the areas of the seismic
ruptures should be related to b asD=2b; the supposition that seismic moments are
fractally distributed implies that their fractal dimension should beD=1.5b (so that
for seismicmomentsD>1).This result validatesAki’s speculation for the casewhere
the average slip on a fault scales as the cubic root of the rupture area.

Using b-values and Apparent Stress to Characterize Stability of Hydraulic
Fracture Growth
KARIMI, S., ESG Canada Inc., Kingston, ON, Canada, sepideh.karimi@
esgsolutions.com; URBANCIC, T. I., ESG Canada Inc., Kingston, ON, Canada,
urbancic@esg.ca; BAIG, A. M., ESG Canada Inc., Kingston, ON, Canada

Target formations of hydraulic fracturing are frequently sandwiched between layers
with verydifferent rockproperties that tend to impede theprogress of these fractures
out of the target zone. Seismicity associated with the fracturing responds both to
these differences in rock properties and potentially reflects the conditions necessary
to breach these barriers. For example, when a fracture barrier is encountered, the
energy required to break the rock increases relative to the overall size or moment of
the event, making apparent stress an ideal candidate for tracking the behaviour of
these fractures. Areas of low apparent stress are indicative of amore complex fracture
pattern and show where the reservoir fracturing is most vigorous.

Furthermore, the b-value will add further insight into the characterizing the
stable growth of these fractures: where the b-value is close to 1, the seismicity is
consistent with fracturing along a fault in a stress-driven process. However, much
higher b-values can be observed in hydraulic fracturing (up to and above 2) which
invokes fluid-driven processes when smaller fractures are activated. The b-value
information in combinationwith the stress information from the source parameters
enable full characterization of the barrier failure processes by distinguishing cases
where stress activated faults are breaching the barriers versus the progression of
fracturing.

In our study b-values and apparent stress, together with individual failure
mechanisms, were estimated in depth bins in three formations. Comparison these
data in each layer resulted in the characterization of the failure processes in different
depth bins and identifying the conditions under which fracture barriers were likely
breached, and how these conditions are manifest in the observed mechanisms.

Microseismicty and Glacier Dynamics at the Vaughn Lewis Icefall, Alaska
LIPOVSKY, B. P., Stanford University, Stanford, CA, lipovsky@stanford.edu;
KARLSTROM, L., Stanford University, Stanford, CA, leifk1@stanford.edu;
DENOLLE, M. A., Scripps Institute of Oceanography, La Jolla, CA

Microseismicity arising from within glaciers may illuminate both ice dynamics and
mass balance. Ice falls in temperate environments are rapidly deforming glacial
systems and constitute a unique environment to study glacier seismicity.We present
a microseismic dataset that was collected in July 2012 at the Vaughn Lewis Ice
Fall within the Juneau Icefield, Alaska. This dataset is accompanied by concurrent
meteorological data and time lapse imagery.

We create a catalog of 1585 events that occur over a nine day period.We create
a catalog from our continuous dataset using a basic short term average to long term
average ratiomethod. All events are observed on at least three seismic stations.Most
events are characterized by a spectral peak near∼10Hz and have a relatively narrow
band width of about 5 Hz. Taking the maximum spectral displacement amplitude
to be a proxy for magnitude, we find a Gutenberg-Richter power law relationship
for our catalog with b=2.6.

We relate rates of seismicity to surface air temperature and find a correlation
coefficient of 0.5. Time lapse imagery captures a strong diurnal variation in
glacier surface velocities. During times of above and below freezing temperatures,
the seismicity rate is 3.5 and 8.5 events per hour, respectively. Together, these
observations suggest thatmeltingmay play a role in the generation of seismic events.

Evolution of the 2008 Mogul Earthquake Swarm, Reno, Nevada: Identifying
Complex Structures in a Shallow Urban Seismic Sequence
RUHL, C. J., Nevada Seismological Laboratory,University ofNevada, Reno, Reno,
NV, cruhl@unr.edu; SMITH, K., Nevada Seismological Laboratory, University of
Nevada, Reno, Reno, NV, ken@seismo.unr.edu; ABERCROMBIE, R. E., Boston
University, Boston, MA, rea@bu.edu

Increased sensitivity of seismic networks in northern Nevada highlights low-
magnitude swarm behavior common in the Reno-Tahoe-Carson City area, with
manysequences includingfelteventsandwithb-values<1.Overafive-monthperiod
beginning 28 February 2008, an unusually shallow sequence produced 38ML≥3.0
earthquakes in theMogul-Somersett neighborhood of Reno, Nevada. The 26April
2008 Mw 5.0 mainshock was preceded by 18 of 38 ML≥3.0 earthquakes in two

distinct foreshockphases that occuronclosely spacedparallel structures.The second
foreshock phase is characterized by increased activity with fourML≥3.0 events on
15 April 2008 approximately 1 kmNE of the first structure. The second phase also
included twoML≥4.0 foreshocks on 24April 2008 and seven additionalML≥3.0
foreshocks prior to the ‘mainshock.’We relocate 1612 earthquakes occurring over
180 days with magnitudes greater than zero and a minimum of 20 defining phases
using the double-difference algorithm of Waldhauser and Ellsworth (2000). The
initial relocations indicate a complex fault zone with at least one auxiliary plane.
We subsequently bin events using variable time windows and relocated each set
independently to test if locating the entire swarm might be masking the temporal
and structural resolution of the sequence. This relocation reveals several additional
parallel and conjugate structures that have not been previously isolated. We use an
empirical Green’s function method to estimate source dimension and stress drop
for the larger earthquakes to isolate stress variations within the active structures
that may correlate with the evolution of the stress field inverted from moment
tensor and short-period focal mechanisms. The complexity and shallow nature of
the sequence suggests potential involvement of fluids and provides an image of
numerous localized faults that may be an overall characteristic of urban Reno area
seismicity.

How Complete is the ISC-GEM Global Earthquake Catalog?
MICHAEL, A. J., USGS, Menlo Park, CA,michael@usgs.gov

In January, 2013, the International Seismological Centre (ISC), in collaboration
with theGlobal EarthquakeModel (GEM) effort, released a new global earthquake
catalog, covering the time period from 1900 through the end of 2009. In order
to use this catalog for global earthquake studies, I determined the magnitude
of completeness (Mc) as a function of time. First, I divided the shallow (focal
depth <60 km) events into 7 time periods based on major changes in catalog
processing and data availability. For each time period, I used 4 objective methods
to determineMc, with uncertainties determined by non-parametric bootstrapping.
Due to differences between the 4methods, the finalMcwas determined subjectively
by examining the features that each method focused on in both the cumulative and
binned magnitude frequency distributions (MFD). The high end of the bootstrap
confidence range was preferred so that there is 95% confidence that Mc is not
underestimated. Spatial subsets were explored but did not improve the results.
The time periods and Mc values are: 1900 1917, Mc=7.7; 1918 1939, Mc=6.9;
1940 1954, Mc=6.8; 1955 1963, Mc=6.5; 1964 1975, Mc=6.0; 1976 2003,
Mc=5.8; and2004 2009,Mc=5.7.Deeper events since 1964 yieldMc=5.7.Using
these Mc values for the longest time periods they are valid for (e.g. 1918 2009,
1940 2009,. . .) the shallowdata fits aGutenberg-Richter relationshipwithb=1.05
and a=8.3, within 1 standard deviation, with no declustering. The exception is
for time periods that include 1900 1917 in which there are only 28 events with
M=Mc and the largest event is only 8.4. These few data do reject b=1.0 with
99% confidence and imply that b=1.9±0.3. Including poorly located events from
the appendix catalog did not resolve this difference. Global studies should use the
time period from 1918 onwards and theMc values presented here. Before 1918 the
magnitudes rely heavily on individual studies andmight be improved by a consistent
methodology.

Confidence Intervals for the Magnitude of the Largest Aftershock
SHCHERBAKOV, R., Department of Earth Sciences, Western University,
London, ON, Canada, rshcherb@uwo.ca

Aftershock sequences that follow large earthquakes last hundreds of days and are
characterized by well-defined frequency-magnitude and temporal distributions.
The largest aftershocks in a sequence constitute significant hazard and can inflict
additional damage to infrastructure that is already affected by the main shock.
Therefore, the estimation of the possible magnitude of the largest aftershock in a
sequence is of high importance. Several decades ago Bath observed that on average
the magnitude of the largest aftershock is approximately 1.2 units less than the
magnitude of the main shock, which became known as Bath’s law. However, this
empirical law only gives an average value of the difference and does not specify
the related statistical variability. Recently, more progress has been achieved in the
statistical analysis of aftershock sequences. In this work, we compute the point
estimator and confidence intervals for the magnitude of the largest aftershock in a
sequence assuming that the aftershocks follow a well-defined frequency-magnitude
distribution. Particularly we assume that the frequency-magnitude statistics can be
described by the truncatedGutenberg-Richter lawwhere the aftershockmagnitudes
are bounded from above by themagnitude of themain shock.We apply this analysis
to several well-known aftershock sequences world-wide to construct retrospectively
the confidence intervals for themagnitude of the largest aftershock in the sequences
at a given confidence level. In addition, we consider a problem of estimating the
magnitude and the confidence intervals of the largest aftershock in the prospective
analysis of aftershock sequences. We use the information in the early times after
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the main shock to constrain the magnitude of the largest aftershock to occur in the
future.For thispurpose,weemploy thebestpoint estimator for the largest aftershock
computed from the analysis of the frequency-magnitude statistics of aftershocks.

Statistical Properties of Aftershock Sequences Generated by Large
Subduction Earthquakes
SHCHERBAKOV, R., Department of Earth Sciences, Western University,
London, ON, Canada, rshcherb@uwo.ca; GODA, K., Department of Civil
Engineering,University of Bristol, Bristol,UnitedKingdom,Katsu.Goda@bristol.
ac.uk; ATKINSON, G., Department of Earth Sciences, Western University,
London, ON, Canada, Gmatkinson@aol.com

Large mega-thrust subduction earthquakes generate prolific aftershock sequences
which last over an extended period of time and affect wide spatial areas. Among
those aftershocks the largest ones can cause additional damage and pose significant
risks to population and infrastructure. Therefore, modeling aftershock sequences
of large subduction earthquakes is of considerable importance for seismic hazard
assessment and earthquake risk mitigation. It can also play a prominent role in the
groundshakingmodelingofmajormainshock-aftershocksequences. Inthiswork,we
analyze statisticalpropertiesof aftershocksequencesof large subductionearthquakes
world-wide which occurred from 1973 to present, including recent catastrophic
events in Sumatra, Chile, and Japan. We use information provided in the NEIC
catalog to extract 70 aftershock sequences generated by mainshocks of M7.0 and
above.We construct their temporal decay rates and magnitude-frequency statistics.
To model their temporal behavior, we estimate the parameters of the modified
Omori law. In the magnitude domain, wemodel the frequency-magnitude statistics
using the Gutenberg-Richter scaling relationship. We also analyze statistically the
difference between the magnitude of the mainshock and the corresponding largest
aftershock in the sequence and discuss this in terms of Båth’s law. One of the
main goals of this work is to investigate the variation in parameter values of the
above empirical laws with respect to the magnitude of the mainshock. Our main
finding indicates that most parameters do not depend on the magnitude of the
mainshock.However, they showsomevariation invalues acrossdifferent subduction
settings.

The Temporal Stability of b-Value estimates and its Implications for Regional
and Local Studies
ZÚÑIGA, F. R., UNAM, Centro de Geociencias, Querétaro, QRO, Mexico,
ramon@geociencias.unam.mx; FIGUEROA-SOTO, A., UNAM, Posgrado en
Cienciasde laTierra,Querétaro,QRO,Mexico,angfsoto@geociencias.unam.mx;
MÁRQUEZ, V. H., UNAM, Centro de Geociencias, Querétaro, QRO, Mexico,
marvh@geociencias.unam.mx

The b value of the Gutenberg-Richter relationship is at the center of most seismic
risk estimates, and has demonstrated its value in research focusing on seismicity
or stress conditions. The estimate of this value depends on several factors, among
whichwe canmention thehomogeneity ofmagnitudes, the correct quantificationof
the minimum magnitude of completeness, the accuracy of the locations (especially
in the case of local studies), the rate of seismicity, the installation and density of
monitoring stations, etc..However, a factor thathasnotbeentaken intoaccountwith
the importance it deserves is the temporal stability of the estimation of b-values.
A common procedure to obtain a b-value estimate is by compiling all available
seismicity which is deemed suitable for an area of interest and calculate an estimate
normalized per unit time. Clearly, if there are no anomalous siesmicity outbursts,
as we progress in time, the b-value should remain stable even if we add more
data.

One way to check for stability of the b-value estimates, is by updating the
seismic catalog and comparing recent estimateswith previous ones. Stability can also
be assessed by performing estimates as as function of increasing the data recorded
every year or time unit of interest, since the beginning of the recording period up
to the current time. The problem with this way of working is that the oldest data,
which often suffer from poor precision and errors, continue to be incorporated into
each estimate affecting the results. In this workwe present cases at regional and local
level, where such procedure has affected the results of the estimates. We also show
results of a simple alternative procedure that consists of making the estimates with
respect to the increase of data in reverse order, i.e., starting with modern data and
going backwards in time until a stable level is attained. Results are discussed and
compared for regional catalogs of Italy, New Zealand andMexico.

1/f and the Earthquake Problem: A Forecasting Framework Based on Fault
Weakening and Scaling Constrained ETAS
YODER,M. R.,Dept. of Physics,University ofCaliforniaDavis,Davis,CA,mrark.
yoder@gmail.com; RUNDLE, J. B.,

The difficulty of forecasting earthquakes can fundamentally be attributed to the
self-similar, or ‘‘1/f’’, nature of seismic sequences. Specifically, the rate of occurrence

of earthquakes is inversely proportional to their magnitude m, or more accurately
to their scalar moment M. With respect to this ‘‘1/f problem,’’ it can be argued
that catalog selection (or equivalently, determining catalog constraints) constitutes
the most significant challenge to seismicity based earthquake forecasting. Here,
we address and introduce a potential solution to this most daunting problem.
We introduce a framework to constrain, or partition, an earthquake catalog
(a study region) in order to resolve local seismicity. In particular, we combine
Gutenberg-Richter (GR), rupture length, andOmori scaling with various empirical
measurements to relate the size (spatial and temporal extents) of a study area (or bins
within a study area) to the local earthquake magnitude potential the magnitudes
of earthquakes the region is expected to experience.Within each sub-catalog, or bin,
we apply a metric based on record-breaking interval statistics to detect accelerating
seismicity indicative of local fault weakening. From this, we introduce a new type
of time dependent hazard map for which the tuning parameter space is nearly
fully constrained. We interpret ‘hot spots’ on this hazard map as ETAS source
events (earthquakes) and calculate their potential hazard contribution (earthquake
probability fields) from a self-similar ETAS model.

ADecade of Great Subduction Earthquakes What Have
We Learned FromTheir Ground-Motions?
Poster Session · Friday · 2May ·Cook/Arteaga
Source Scaling Relations of Subduction Earthquakes for Strong Ground
Motion and Tsunami Prediction
SKARLATOUDIS, A. A., URS Corp, Los Angeles, CA, andreas.skarlatoudis@
urs.com; SOMERVILLE, P. G., URS Corp, Los Angeles, CA, paul.somerville@
urs.com; THIO, H. K., URS Corp, Los Angeles, CA, hong.kie.thio@urs.com;
BAYLESS, J. R., URS Corp, Los Angeles, CA, jeff.bayless@urs.com

Atpresent, there is awide range of uncertainty in themedian rupture areas predicted
for a given seismic moment M0 (Nm) by current relationships for subduction
earthquakes. Our goal is to develop an updated set of earthquake source scaling
relations that will reduce the large degree of epistemic uncertainty and improve
the accuracy of seismic hazard analysis and the prediction of the strong motion
characteristics and tsunamis of future subduction earthquakes. We compiled a
database of interface earthquakes that occurred in the major subduction zones with
Mwranging from6.75 to 9.1.We chose to fit the data using self-similar relationships
between rupture area S (km2) andM0 and between the average slip D (m) andM0.
The regression analysis was found to support the self-similarity of scaling relations
up to Mw 8.6, as also suggested by previous studies (Murotani et al., 2013; 2008,
Somerville et al., 2002). Above Mw 8.6, the rupture area increases more gradually
withMwand the averagedisplacement increasesmore rapidlywithMw.Weattribute
this to the saturation of rupturewidth. For both S andD, themean values computed
in this study are within one standard deviation of those reported in Murotani et al.
(2008; 2013). Comparison of the present study results with those of Somerville
et al. (2002) indicates smaller areas and larger slip for the same M0 in the new
relationships. These differences are less prominent for the average slip, where results
lie within one standard deviation. The standard deviation is considerably smaller
than the values estimated in previous studies as a result of the larger number of
records used in the regressions. Another factor that might have contributed to
smaller standard deviations is that we did not use multiple models of the same
earthquake in the regression analyses. Instead, we used judgment to select the most
representative one based on various criteria such as the number and type of data
used in deriving the model.

Ground-Motion Prediction Equations of Intermediate-Depth Earthquakes in
the Hellenic Arc, Southern Aegean Subduction Area
SKARLATOUDIS, A. A., URS Corp, Los Angeles, CA, andreas.skarlatoudis@
urs.com; PAPAZACHOS, C. B., Aristotle University, Thessaloniki, Greece,
kpapaza@geo.auth.gr; MARGARIS, B. N., ITSAK, Thessaloniki, Greece,
margaris@itsak.gr; VENTOUZI, C., Aristotle University, Thessaloniki, Greece,
xrusven@geo.auth.gr; KALOGERAS, I., GEIN-NOA, Athens, Greece, i.
kalog@gein.noa.gr; EGELADOSGROUP,

We compiled a response-spectra database from seismic records from subduction,
inslab earthquakes with moment magnitudes of M 4.5 6.7 that occurred in the
South Aegean subduction zone. We used the dataset to derive an updated set of
ground motion prediction equations, which take into account the highly complex
propagationof seismicwaves in theGreek subductionzonebasedon thehypocentral
depth and the locationof the event relative to the low-velocity/low-Qmantlewedge.
The analysis showed that groundmotions from earthquakeswith larger hypocentral
depths (h>100 km), are amplified for along-arc stations (channeled waves effect)
and are strongly attenuated in the back-arc region, due to the low-Qmantle wedge.
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For shallower events (60 km<h<100 km), the corresponding differentiation of
seismic motion for along-arc and back-arc stations is observed beyond a specific
critical distance range, for which a qualitative model is presented. Moreover, for
longer periods, both along-arc amplification and back-arc anelastic-attenuation
factors stronglydiminish, suggesting that the longerwavelengthsof seismicwaves are
not affected by the complex geophysical structure, resulting in more similar ground
motions for both back-arc and along-arc stations. Results for interface events (h<45
km) occurring along the outer Hellenic arc suggest their wave propagation is not
affected by the presence of the low-velocity/low-Qs mantle wedge, but is mainly
controlledby thedifferencesof the anelastic attenuationbetween theMediterranean
andAegean lithospheres. The usefulness of the employedmodel is demonstrated by
the generation of synthetic strong-motion maps for various historical intermediate-
depth events, for which macroseismic information is available. We were able to
reconstruct the highly variable spatial pattern of damage distribution, especially for
the deeper events (h>100km), which exhibit maximum macroseismic intensities
along the outer Southern Aegean sedimentary arc.

Global Analysis of Rupture Duration for Intermediate and Deep Earthquakes
POLI, P.,Massachusetts Institue of Technology, Cambridge,MA, ppoli@mit.edu;
PRIETO,G. A.,Massachusetts Institue of Technology, Cambridge,MA, gprieto@
mit.edu

We present a new dataset of more than 800 source time functions for intermediate
and deep earthquakes (>50km) withmagnitude larger than 5.5, between 2005 and
2012. Stacking of all available broadband seismograms after alignment on the P
wave pulses enhances the coherent P wave energy, while reducing coda energy due
to scattering.We use the stacked waveform to identify the beginning and the end of
rupture history and reliably determine scaled duration.We finally obtain 610 source
time functions globally distributed that not only allows depth-dependent analysis,
but also a spatial examination of rupture durations with temperature, age and rate
of convergence of the associated subducted lithosphere.

We find thatdepth- andmagnitude-dependenceof scaleddurationvaries from
one subductionzone to another, suggesting a relationbetweenearthquakedepth, the
characteristics of the subducting plate (temperature, rate of convergence, age), and
the physics of rupture. Although significant scatter is present and trade-off between
stress drops, rupture velocity and fault geometry may still need to be accounted for,
our consistent methodology over the entire global data set is ideal for comparing
rupture physics betweendifferent subduction zones and to study depth-dependence
along a single subduction zone.

Seismic High-frequency Radiation During the March 20th 2012 (Mw 7.5)
Mexican Earthquake, Using Strong Motion Data
AGUIRRE, J., Instituto de Ingenieria, UNAM, Mexico, D.F., Mexico, joagg@
pumas.iingen.unam.mx

The shallow, trust earthquake was located at about 5 km offshore the limits of
Oaxaca andGuerrero states near toOmetepec city andnucleated at a depth of about
20 km. There are several acceleration recordings from stations located near the
epicenter, some of them recorded accelerations larger than 500 gal. The mainshock
was followed by an exceptionally large number of aftershocks (more than 450
events during the first 30 hours and more than 1200 during the next four days).
In order to study the high-frequency radiation distribution we use an aftershock
as empirical Green function to generate the simulated acceleration record of the
mainshock. Then the envelope of the simulated acceleration record is compared
with the envelope of the observed acceleration record. Several distributions of
perturbation times and radiation factors areproposed inorder to improve the fitness.
Thisprocedure is carriedout forall thecomponentsandstations simultaneously.The
fitness of each trial is evaluated in terms of the residual value between the simulated
and observed envelopes. This procedure is optimized following a genetic algorithms
scheme. Resolution and sensibility of the high frequency radiation distribution are
also discussed.

Advances in Understanding EarthquakeHazard in Central
and Eastern North America
Poster Session · Friday · 2May ·Cook/Arteaga

Ground Motion Site-Effects from Multi-Method Shear-Wave Velocity
Characterization at Portable Seismograph Stations Deployed for Aftershocks
of the August 2011 Mineral, Virginia Earthquake
STEPHENSON,W. J., U. S. Geological Survey, Golden, CO, wstephens@usgs.
gov; ODUM, J. K., U. S. Geological Survey, Golden, CO, odum@usgs.gov;
MCNAMARA, D. E., U. S. Geological Survey, Golden, CO, mcnamara@usgs.

gov; WILLIAM, R. A., U. S. Geological Survey, Golden, CO, rawilliams@usgs.
gov

We characterize shear-wave velocity-versus-depth (Vs profile) at 16 portable
seismograph sites throughout the epicentral region of the 2011 Mw5.8 Mineral
earthquake to investigate ground motion site effects in the area. We use a multi-
method acquisition and analysis approach, where active-source horizontal shear
(SH)-wave reflection/refraction as well as active-source multichannel analysis of
surfacewaves (MASW)andpassive-source refractionmicrotremor (ReMi)Rayleigh
wave dispersion are interpreted separately. The time-averaged shear-wave velocity
to a depth of 30 m (Vs30), interpreted bedrock depth and site resonant frequency
are determined from the best-fit Vs profile of each method at each location for
analysis. Using the median Vs30 value, which range from 270 m/s to 560 m/s, as
representativeof a given sitewe estimate that all 16 sites areNEHRPsite classCorD.
Further, based on the comparison ofmapped surface geology tomedian Vs30 at our
site locations, we do not see compelling evidence for using surface geologic units as a
proxy forVs30 in the epicentral region.We compare resonant frequencies calculated
from ambient noise horizontal-to-vertical spectral ratios (HVSR) at available sites
to predicted site frequencies (generally between 1.9 Hz and 7.6 Hz) derived from
the median bedrock depth and average Vs to bedrock. Robust linear regression
of HVSR to both site frequency and Vs30 demonstrate moderate correlation to
each, and thus both appear to be generally representative of site response in this
region. Based on Kendall Tau rank correlation testing, we find that Vs30 and the
site frequency calculated from average Vs to median interpreted bedrock depth can
both be considered reliable predictors ofweakmotion site response in the epicentral
region.

Airborne Geophysical Survey Data used to Infer Geological Features
Associated with Fault Slip in the Central Virginia Seismic Zone
SHAH, A. K.,U.S.Geological Survey,Denver,CO,ashah@usgs.gov;HORTON,
J. W., U.S. Geological Survey, Reston, VA, whorton@usgs.gov; MCNAMARA,
D. E., U.S. Geological Survey, Golden, CO, mcnamara@usgs.gov; SPEARS,
D. B., Virginia Dept. Mines, Minerals and Energy, Charlottesville, VA, david.
spears@dmme.virginia.gov; BURTON, W. C., U.S. Geological Survey, Reston,
VA, bburton@usgs.gov

The location of active faults on which recent slip has occurred remains a challenge
in intraplate seismic zones. In the Central Virginia seismic zone there are numerous
ancient faults mapped at the surface and historical seismicity is diffuse (unlike the
NewMadridseismiczone), suggestingalternativemechanismsfor strain localization.
We ask if certain geologic features are commonly associatedwith fault slip and likely
to generate larger earthquakes such as the2011Mw5.8 earthquake.Airborne gravity,
magnetic, radiometric and LiDAR surveys were flown over the Mw5.8 epicentral
area in order to image surface and subsurface structures. Aftershock monitoring
and surface observations indicate that the causative fault is buried, with aftershocks
occurring mostly at 3 8 km depths along a SE-dipping zone. Smaller clusters of
shallow (<4 km depth) aftershocks were also observed up to 15 km from the
epicenter.

Gravity, magnetic, and radiometric data show a major bend in NE-trending
anomalies close to the Mw5.8 epicenter, where complex geologic contacts are
mapped on the surface and magnetic data suggest deeper contacts. The epicenter
is also located near a prominent NE-trending gravity gradient extending >20
km in either direction. Gravity models suggest a shallow (2 4 km depth) low-
density body within the hanging wall of the main-shock fault plane, probably
representing metasedimentary rocks. Some shallow aftershock clusters are located
near intersections between pre-existing faults and Jurassic dikes. They also occurred
near gravity gradients which are somewhat lower than that near the main shock.
Radiometricdata showlinearKanomalies alongLiDARlineamentsnear the shallow
aftershock clusters (one which was mapped as a fault), suggesting K concentration
due tomuscovite crystallizationduringprevious fault slip.These associations suggest
that variations in rock density and/or rheology may have modified local stresses in
a manner encouraging localized seismicity.

Earthquake Swarms Associated with the Saratoga-McGregor Fault System
near Albany, NY
EBEL, J. E., Weston Observatory, Boston College, Weston, MA, ebel@bc.edu;
JACOBI, R. D., University of Buffalo, Buffalo, NY, rdjacobi@buffalo.edu;
OHARA,A.,UniversityofBuffalo,Buffalo,NY,aohara999@gmail.com; STARR,
J. C., Weston Observatory, Boston College, Weston, MA, starrjb@bc.edu

Swarms of small earthquakes took place about 25 km southwest andwest of Albany,
NY in 2007, 2009, 2010 and 2011, with the 2011 swarm starting about 1 day before
the 2011 M5.8 Mineral, Virginia earthquake and continuing for about 110 hours
after the Mineral event. Relative locations of each of these swarms reveal consistent
spatial trends. The 2011 swarm consisted of 11 events ranging fromM2.7 toM0.9.
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The relative locations trend about 350m in aNE-SWorientation. The 2010 swarm
was comprised of 13 events from M2.7 to M0.4, and it trended about 800 m in
approximately an ESE-WNWorientation. A swarm of 8 events fromM2.8 toM1.6
in early 2009 trended about 400 m in an NE-SW orientation, whereas 4 events
with M3.0 to M1.6 took place in late 2009 with about a 5 km trend in an NE-SW
orientation. The 2007 swarm involved 4 events with M2.7 to 1.2 and a possible
trend of about 200m in anNE-SWorientation. Each of these swarmswas located in
a different place, spanning about 16km in aNE-SWorientation.The events in these
swarms occurred on strike of andwithin a few kilometers of the extrapolated trace of
the NNE-striking SaratogaMcGregor (S-M) fault. Outcrops near the epicenters of
the 2011 swarm exhibit NNE-striking fracture intensification domains with minor
offset in the Ordovician Schenectady Formation. The 2010 swarm is also located
on a WNW-trending lineament and has internal WNW-trends, consistent with
WNW-trending faults similar to those in the Mohawk Valley. Possible focal depths
for each of these swarms range from 8 to 18.5 km. These depths make correlation
with specific surface structures tenuous, although seismic reflection data and fault
traces through the Precambrian of the Adirondack Dome suggest that the S-M
fault might be nearly vertical well down into the Precambrian. This conclusion is
supported by the focal mechanism of anM2.6 earthquake on August 25, 2013 near
the S-M fault about 60 km north of Albany.

A New Set of Focal Mechanisms for the Eastern Tennessee Seismic Zone
COOLEY, M. T., CERI,Memphis, TN,mtcooley@memphis.edu; POWELL,C.
A., CERI, The University of Memphis, Memphis, TN, capowell@memphis.edu

Wepresent anewsetof focalmechanisms for easternTennessee seismic zone (ETSZ)
earthquakes of magnitude 2.5 and greater occurring after 1999. The ETSZ is the
second largest seismic zone in the central and eastern US, but has not produced a
damaging earthquake in historic time. Previous research suggests that theETSZmay
be comprised of faults longer than 100 km, and so capable of producing damaging
earthquakes in the future. Focal mechanisms are consistent and indicate strike-slip
motion on steeply dipping nodal planes. Nodal plane orientation falls into two
groups. In one, nodal planes strike N/S and E/W and in the other, NE/SW and
NW/SE. ETSZ earthquakes are attributed to reactivation of a Grenville-age shear
zone located in basement rocks in a recent local earthquake tomography study. The
shear zone is associated with a major magnetic anomaly, the New York-Alabama
lineament, and could extend further NE than the ETSZ. Extension of the shear
zone is suggested by the Nov 10, 2012Mw 4.3 event in eastern Kentucky; the event
focal depth is 13 km and the focal mechanism exhibits strike-slip motion on steeply
dipping, NE striking nodal planes. The new set of ∼50 focal mechanisms, with
10 of those being outside the ETSZ, will examine similarities in orientation and
depths of events in and surrounding the ETSZ. New solutions will supplement a
set of 26 previously calculated focal mechanisms and are expected to be consistent
with these solutions. A statistical analysis will examine hypocenter and epicenter
distributions as well as nodal plane orientations to determine any significant spatial
similarities between events. The nodal planes of the focal mechanisms are expected
to be oriented parallel to linear groupings of hypocenters. This would suggest
the presence of large, through-going faults in the ETSZ. Consistent nodal plane
orientation and depth of events would suggest that the ETSZ is produced by large
faults, which may extend beyond the currently known region.

Hazard Associated with the Eastern Tennessee Seismic Zone
POWELL, C. A., CERI, The University of Memphis, Memphis, TN, capowell@
memphis.edu

Several observations suggest that the eastern Tennessee seismic zone (ETSZ) could
pose a significant hazard to populated areas and critical facilities. One lesson
learned from theMw 5.8Mineral VA earthquake is that seemingly harmless regions
of concentrated but small magnitude earthquake activity can produce damaging
earthquakes. There are several such regions in the easternUSbut none as potentially
hazardous as the 200 km long ETSZ. A seismotectonic model for the ETSZ
derived in a recent local earthquake tomography study associates the ETSZ with an
ancient plate boundary that accommodated primarily transform motion between
Laurentia and Amazonia during the∼ 1 Ga Grenville orogeny. ETSZ earthquakes
are attributed to the reactivation of strike-slip faults in the basement associated with
this boundary. Several observations support this seismotectonic model including
consistent focalmechanism solutions displaying strike-slipmotion and alignment of
hypocenters in near-vertical segments consistent with the apparent trends and steep
dips indicated by the focalmechanisms. An idea of hazard potential can be obtained
using the distribution of hypocenters. Within the most seismogenic portion of
the ETSZ, hypocenters align in clusters extending roughly 50 km in length and
extending between 5 and 20 km. Using a standard relationship between fault area
and moment magnitude, we could expect a magnitude 7 earthquake to occur if the
entire illuminated fault surface ruptures. This is undoubtedly an overestimate but
points to the potential for ETSZ earthquakes to damage populated areas and critical

facilities. The seismotectonic model will be discussed as well as statistical methods
being using to better delineate active basement faults.

Discerning Faults Responsible for the Charleston, South Carolina Earthquake
of 1886
PRATT, T. L., U. S. Geological Survey, Reston, VA, tpratt@usgs.gov; SHAH, A.
K., U. S. Geological Survey, Denver, CO, ashah@usgs.gov; HORTON, J. W., U.
S. Geological Survey, Reston, VA, whorton@usgs.gov

The 1886 Charleston, SC earthquake was the largest earthquake in the U.S. east
of the Appalachian Mountains, with an estimated magnitude of 6.8 to 7.3. The
earthquake serves as the design earthquake for many built structures in the region,
butthecausative fault(s) remainunknown.Reprocessedseismicreflectiondatareveal
numerous faults cutting the Cretaceous and younger Atlantic Coastal Plain (ACP)
strata in the epicentral area. The faults are identified on seismic profiles by vertical
displacements of strata, abrupt but small changes in dip, and folding of the ACP
strata. Short-wavelength filtered aeromagnetic data reveal a localizedWNW-trend
that suggests a variation in basement rock geometry beneath theACP strata.Offsets
or disruptions of theseWNW-trending anomalies correspond to seismically imaged
faults cutting ACP strata. One of these faults, previously termed Gants fault, shows
ACP strata (or reflector) offsets or folding of∼50 m vertically. The vertical uplift
is nearly equal through almost the entire ACP section with little or no thinning
across the fault, indicating themotion is primarily post-Cretaceous in age. The fault
lies almost directly beneath the town of Summerville, where ground deformation
was focused during the 1886 earthquake. The Gants fault is evident on two seismic
profiles and trends NE, which is nearly perpendicular to the magnetic anomalies.
The fault coincides with a linear trend of disruption of the magnetic anomalies.
Another NE-trending fault crossing beneath the Ashley River, ∼15 km NW of
Charleston, is defined by reflector terminations and a change in total magnetic
field patterns. This fault coincides with the greatest deformation observed along
three railroad lines after the earthquake, including lateral offset of the tracks and
NE-trending surface fissures. The correspondences between ground deformation,
seismically imaged faults, and magnetic lineations suggest that both faults moved
during the 1886 earthquake.

Lg Propagation and Attenuation Across Continental Margins, Scotia Basin
MOUSAVI, S. M., CERI, Memphis, TN, smousavi@memphis.edu; CRAMER,
C. H., CERI, Memphis, TN, ccramer@memphis.edu

The Scotia Basin in easternmost Canada is a classic passive conjugate margin. The
Basin is located on the northeastern flank of the Appalachian Orogen and covers
an area of approximately 280,000 sq, km, half of which lies on the present-day
continental shelf, and the other half on the continental slope which ends in oceanic
crust. Because Lgwave propagating across a thin crust or a crust with drastic changes
in the thickness loses energy quickly (Kennett, 1986), the transitional structures
like Scotia Basin may cause high attenuation or blockage of Lg. The variation of
Lg in regions with both continental and oceanic environments has been rarely
investigated (Tae-Kyung Hong, 2010). MN, and mblg magnitude scales, which are
used by the Canadian National Data Center for routine reporting of earthquakes,
are based on the Lg phase. Thus, it is desired to have a realistic estimation of Lg
attenuation for the area to correctly estimate magnitude of offshore events which
are potential threats of tsunami and seismic hazard to onshore. In this study we
investigate the Lg propagation and attenuation within the four regions on the
continental margin of most eastern Canada, frequency-dependent QLg will be
determined based on the inversion technique introduced by Benz et al. (1997)
and McNamara et al. (1996) and the margin of the error for calculated Q will be
determined by a resampling method. This study complements previous studies on
estimating QLg values for eastern Canada by extending the region of interest into
the southeasternmost part of Canad. No study of QLg specifically for these regions
is known. Data from 100 earthquakes recorded on the Canadian National Seismic
Network, occurring during 2004 to 2013 within the crust (<30 km depth), have
been collected for this study. The primarily results for Q values were calculated
using 10 events for 5 one-octave frequency bands from 0.5 to 16Hz primarily value
of Qo= 540, n= 0.48 for frequency.

Initial ENA Empirical GMPEs Using the NGA-East Database
ALNOMAN,M. N., University of Memphis, Memphis, TN, malnoman@
memphis.edu; CRAMER, C. H., University of Memphis, Memphis, TN,
ccramer@memphis.edu

Wedevelopan initial set of empirical groundmotionpredictionequations (GMPEs)
for eastern North America (ENA) using the new Next Generation Attenuation
(NGA) East ground motion database. This study provides predictive relationships
for a particular measure of horizontal ground motion as a function of earthquake
magnitude and fault type, distance from source to site, and local soil condition.We
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use the two-stage regression approach of Joyner and Boore (1993) and thus develop
both within and between event sigma estimates. We also estimate single station
sigma from stationswith 30 ormore recordings and obtain estimates for ENAof 0.3
as comparedwith total sigma estimates of 0.4 0.5 (natural logarithm).The resulting
equations are for peak ground acceleration (PGA), peak ground velocity (PGV),
and 5% damped pseudo-absolute-acceleration spectra (PSA) at periods between
0.02 sec and 2 sec. In our analysis we avoided records from the higher attenuating
Gulf Coast region and used a total of 6544 records of PGA with a distance range
from less than 10 km up to 3500 km. The available data for regression become less
for longer periods. The developed empirical GMPEs, though not well constrained
from large magnitude observations, fit the ground motions from small to moderate
magnitude (M<6) earthquakes in ENA quite well based on residual analysis. The
initial ENA empiricalGMPEswill be improved in the near future by adding ground
motion estimates from intensity observations for historical M6-7 earthquakes (see
Cramer, 2013, this meeting).

Improving Stress DropMeasurements from EGF Scaling and Stress Release
in the Darfield-Christchurch, New Zealand Earthquake Sequence
ABERCROMBIE, R. E., Boston University, Boston, MA, rea@bu.edu; FRY, B.,
GNS Science, Lower Hutt, New Zealand, b.fry@gns.cri.nz; DOSER, D. I.,
University of Texas, El Paso, El Paso, TX, doser@utep.edu; GERSTENBERGER,
M., GNS Science, Lower Hutt, New Zealand,m.gerstenberger@gns.cri.nz

We are developing a direct wave, spectral ratio analysis approach that includes
realistic estimates of uncertainties and has strict objective criteria for assessing the
quality of anEGF (empiricalGreen’s function) derived spectral ratio (Abercrombie,
2013). Comparing this approach to other methods reveals significant random and
systematic biases, enabling us to improve our understanding of the real uncertainties.
TheCanterbury earthquake sequence thatbeganwith theM7.1Darfield earthquake
in 2010, and includes the devastating M6.2 Christchurch earthquake in 2011 is a
very active sequencewithin a low strain rate tectonic setting.High quality recording
and accurate relocations make this an ideal sequence to investigate any spatial,
temporal, or magnitude dependence to stress drop. The largest earthquakes appear
to have relatively high stress drops, consistent with the high ground accelerations
and damage inChristchurch. This observation is also consistentwith the hypothesis
that faults in low-strain rate regions with long inter-event times rupture in higher
stress drop earthquakes. The large number of earthquakes in the sequence enables
us to apply the same approach to a wide range of magnitudes (M∼2 6) recorded
at the same stations, and so minimize the effects of any systematic biases in results.
There are also sufficient stations to investigate inter-station variability. We follow
Abercrombie (2013) to calculate stress drop using direct P and S waves for groups
of earthquakes (M>2) surrounding each of the M>5 events. In each subset we
investigate whether stress drop shows any dependence on magnitude. The spatial
migration of the sequence, from Darfield through Christchurch and then offshore
enables us also to investigatewhetherwe can resolve any spatial or temporal variation
within stress drop.We compare our results to estimates made by other studies using
different methods, and also to other regions studied using the same EGFmethod.

Citizen Seismology: Citizens Helping Science Helping
Citizens
Poster Session · Friday · 2May ·Cook/Arteaga

Detecting Frequency Content of Ground Motion with Smart Phones using
Wavelet Analysis
AKTAS, M., Sakarya University, Sakarya, Turkey; KUYUK, H. S., Sakarya
University, Sakarya,Turkey;DURGUN,G.Y., SakaryaUniversity, Sakarya,Turkey,
ydurgun@sakarya.edu.tr; DOK, G., Sakarya University, Sakarya, Turkey, gdok@
sakarya.edu.tr

Currently, advanced traditional seismic networks only have stations every 10 km
cover a limited areas. Contribution of smart phones sensors have the potential
to provide much higher resolution in urban areas for variety of purposes. Smart
phones can provide intensity of an earthquake to emergency responders and may
provide invaluable information to track frequency changes of structural vibration.
This is challenging because low quality sensors in smart phones have high self-
noise and low signal to noise ratio. In this study the ability of smart phones to
identify the frequency content of complex ground motion is investigated. To do
so, an artificial non-stationary synthetic signal series with a sum of various time
varying frequency functions containing sine signals are applied to uni-directional
shake table and response is recorded. Three sensors; a high, a low cost and those in
smart phones are testedwith the same groundmotion instantaneously. Comparison
of data are made between smart phones and a reference high quality Capacitive
Force Micromachined (with 32-bit high resolution, and 120 dB dynamic range)

strongmotion sensor. The validity of using smartphones is determined with level of
instrumental self-noise and frequency responses.Records fromthree sensors areused
to investigate their frequency content in time domain with wavelet analysis which
can detect abrupt frequency changes in a non-stationary signal. The frequency
limits for which mobile phones are successful to distinguish, are reported and
their potential to capture frequency content of ground motion is discussed in
detail.

Limits of Smart Phones as Seismic Sensors
KUYUK, H. S., Sakarya University, Sakarya Turkey, serdarkuyuk@gmail.com;
AKTAS, M., Sakarya University, Sakarya Turkey,muharrema@sakarya.edu.tr

There is a growing trend on the use of smart phone sensors in seismology and
civil engineering. In recent years, many Apps made available to use acceleration
of phone sensors from earthquake detection to structural health monitoring.
Researchers use mobile phone apps to collect, share or process data for technical,
scientific as well as educational purposes. Although challenges are substantial such
as unknown goodness and robustness of data, smart phones have the potential to
transform seismology particularly real-time seismology. In this study, three sensors;
a high, a low cost and those in smart phones are employed to investigate the
reliability of mobile phones to detect ground vibration. To do so sinusoidal forced
vibration induced to a unidirectional shake table with frequency ranging from 0.1
to 4 Hz and with an amplitude ranging from 0.1 to 1 g. Data obtained from
low-cost and smart phone sensors are compared with reference Capacitive Force
Micromachined (with 32-bit high resolution, and 120 db dynamic range) strong
motion sensors. Amplitudes obtained from both tested and reference sensors are
subtracted to calculate amplitude residuals which are used to investigate frequency
dependency. Furthermore, sensitivity and level of instrumental self-noise, effects of
variability of sample per seconds of smart phones, resolution of records, frequency
and phase responses are discussed. Hence this study concludes with information
regarding to usability of smart phones to capture groundmotion by addressing their
frequency and amplitude boundaries along with recommendation for future Apps
developments in seismic studies.

Relationship Between Seismic Intensities (MMI), PGA, and PGV for the April
20, 2013, Mw6.6 Lushan, China Earthquake and a Comparison with North
America
MOONEY,W. D., US Geological Survey, Menlo Park, CA, mooney@usgs.gov;
WANG,H.L.,USGeologicalSurveyandChinaEarthquakeAdministration,Menlo
Park, CA, wanghl@usgs.gov

The April 20, 2013 Mw6.6 Lushan, China earthquake is significant because it
typifies an upper-crustal, reverse-faulting event that could occur beneath many
highly-populatedcities in seismically active regions throughout theworld.Wereport
a field determination of the Modified Mercalli Intensity (MMI) within 35 km of
the epicenter where the geologic site conditions are uniform (0 10m soil overlying
hard rock) and the predominant building type is reinforced concrete. MMI values
vary from MMI IX to VI. Eight accelerometers within 40 km of the epicenter
recorded peak ground acceleration (PGA) ranging from 1005 270 cm/s2 and peak
ground velocity (PGV) ranging from 25.6 11.8 cm/s. There is a close quantitative
correlationbetweenMMIandbothPGAandPGV.However, theMMI-PGA/PGV
correlations for the Lushan earthquake show some significant differences with the
empirical relations for MMI-PGA/PGV as determined for California and eastern
North American. Significantly, for MMI VI to VII, the Lushan data show PGA
values that are 2 3 times higher than is predicted for either California or eastern
North America.

Developing Ground Motion Estimates from M>6.0 Earthquake Intensity
Observations for Use in ENA Emperical GMPEs
CRAMER, C. H., CERI, University of Memphis, Memphis, TN, ccramer@
memphis.edu

Instrumental ground motion observations for eastern North America (ENA)
earthquakes are limited to M<6.0. Intensity observations for M>6.0 ENA
earthquakes are available. I convert intensities to groundmotion estimates for use as
constraints in empirical groundmotionprediction equation (GMPE)development.
My intensity to ground motion conversion uses the relations of Dangkua and
Cramer (2011) for ENA. For a given intensity level, the ground motion estimate
is assigned to the mean log distance for that intensity and for a given earthquake.
This methodology is validated using the 1988 M5.9 Saguenay, QC and 2011
M5.7 Mineral, VA earthquakes, which have both ground motion and intensity
observations. Magnitudes of historical events are taken from Cramer and Boyd
(2014) for M7 ENA earthquakes. Magnitudes of M6 historical earthquakes are
confirmed using the mean intensity Monte Carlo approach of Cramer and Boyd

Seismological Research Letters Volume 85, Number 2 March/April 2014 533



(2014) with the 1925 M6.2 Charlevoix, QC and 1988 M5.9 Saguenay, QC
earthquakes as reference events. Mean magnitude estimates for the 1843 Marked
Tree, AR and 1870 Charlevoix, QC earthquakes are M5.9 6.0 and M6.0 6.1,
respectively. 95% confidence limits on the magnitude estimates are±0.3 0.4. The
1870 earthquake magnitude estimate is consistent with Ebel (2013). The intensity
data for the 1895 Charleston, MO earthquake is too contaminated by site effects
(Bakun et al., 2003) to be useful at this time. For use in GMPE development, only
the M7 1811 1812 New Madrid and 1886 Charleston, SC earthquakes plus the
M6.2 1925 Charlevoix, QC earthquake provide useful additional constraints over
a distance range of 50 to 1200 km. The 1929 M7.2 Grand Banks earthquake only
provides constraints at large distances of 1200 to 1400 km due to the offshore
location of the event. Other historical events are in the magnitude range of existing
ground motion observations or the 1925 event, and hence not as useful.

Frequency Distribution of JMA Seismic Intensity and Ishimoto-Iida Law
KATO,M., GS Human and Environmemtal Studies, Kyoto University, Kyoto,
Japan,mkato@gaia.h.kyoto-u.ac.jp

Through our own experiences, we are aware that large seismic shakings are rare
events. Past records show that large intensities are less frequently observed than small
intensities, and frequency distribution of observed intensities obeys an exponential
law,which isknownas the Ishimoto-Iida law[Ishimoto&Iida,1939].We investigate
statistics of JMA Intensity data by means of the Ishimoto-Iida law. While it is
always difficult to represent complex ground motion with one index, JMA Seismic
Intensity has been widely accepted in the Japanese society and it is often utilized
when seismologists communicate with the public and discuss hazard assessment
and risk management. Following a long history of JMA Intensity based on human
sensory, JMA Instrumental Intensity was introduced in 1996, and the number
of seismic intensity observation sites has substantially increased and the spatial
coverage has improved vastly, and as a result JMA Intensity is going to become
a unique quantitative dataset for strong motions in Japan. The Ishimoto-Iida law
explains the statistics of the observationwell for the recent instrumental aswell as for
pre-instrumental intensity data,At approximately 100 stationswith long recordings,
exponents of the Ishimoto-Iida law are almost identical between pre-instrumental
and instrumental intensities, and continuity of observations is confirmed from this
particular point of view. The observed numbers of large intensity is slightly less than
extrapolated and predicted from those of small intensity assuming the exponential
relation. Large number of intensity observations are annually reported in Kanto
area.

Earthquake Physics and Interaction
Poster Session · Friday · 2May ·Cook/Arteaga

The Seismic Quiescence Phenomenon in Taiwan
WANG, J. C., Department of Applied Geoinformatics, Chia-Nan University,
Tainan, Taiwan, ROC, jcwang@mail.chna.edu.tw; SHIEH, C. F., Institute of
Seismology, National Chung-Cheng University, Chiayi, Taiwan, ROC, seifent@
eq.ccu.edu.tw;WANG, J. H., Institute of Earth Sciences, Academia Sinica, Taipei,
Taiwan, ROC, jhwang@earth.sinica.edu.tw

To detect the anomaly of seismic activities of large earthquakes in Taiwan, we
first analyzed earthquake catalogue to obtain the minimum magnitude, Mc=2.4,
for completeness of the catalogue. This means that earthquakes with magnitudes
greater thanMc are complete and then can be used for the computation of seismicity
rate changes,whichare representedby theZ-values (withpositive andnegativevalues
representing, respectively, active and inactive seismicity). To study the precursory
phenomena,weexaminedpre-seismic seismicityprior to65 large inlandandoffshore
earthquakes with M>6.0 occurred during 1990 to 2013. After eliminating the
obvious interactions between events, the Z-values are calculated for 7 inland and
10 offshore mainshocks. From the complete earthquake catalogue, the aftershocks
of two very large earthquakes can influence the Z-values of related main shocks.
Hence, 8 main shocks are removed.

The variations of Z-values for 2 inland events show the appearance of
anomalous states of seismic quiescence in 20 or more years prior to the events.
Meanwhile, the length of time interval of seismic quiescence is positively related to
the magnitude of the main shock. By contrast, precursory quiescence was absent or
cannot be clearly recognized for offshore main shocks.

The Construction of the Fault Model in Ordos, China
GAO, B., Peking University, Beijing, China, gb310@126.com;
WANGQL.BOX@263.NET, Q., Second crust Monitoring and Application

Center, Xi’an, China; JIA, K., Peking University, Beijing, China, jk@pku.edu.cn;
ZHOU, S., Peking University, Beijing, China, zsy@pku.edu.cn

Basedon themain active faults ofOrdos and the relocation results of the earthquakes
of China from 2003 to 2012, we built a fault model of Ordos and the surrounding
areas which included the longitude and latitude of the fault ends, the dip angle and
the locking depth of the faults. Furthermore, based on this fault model and theGPS
data of this area from 1997 to 2007, we used the least squared method to calculate
the slip rate of faults of Ordos by considering the influence of the independent
dislocation of different faults on the GPS data and the constraints between the
adjacent faults. Thus, we initially built up a dynamic model of the faults of Ordos.
And, we compared the results of slip rate of some of the faults with those obtained
by other research groups and made a summary.

Quantifying and Explaining the Frequency-Dependent Radiation Pattern of the
2000 Tottori, Japan, Earthquake
SEATS, K. J., Stanford University, Stanford, CA, kseats@stanford.edu;
DUNHAM, E. M., Stanford University, Stanford, CA, edunham@stanford.edu

Observed radiation patterns from earthquakes transition from a double-couple
pattern at low frequencies to an isotropic one at high frequencies. This difference is
generally attributed to scattering from small-scale heterogeneities in the uppermost
crust. In addition, fault roughness can also lead to deviations from the double couple
radiation due to variations in the local radiation pattern from different sections of
the fault. We quantify the latter effect analytically. We derive an expression for the
far-field radiation pattern that is the superposition of a double-couple term and a
correction term, arising from deviations from planarity, that fills in nodes in the
double-couple pattern. The correction is important only at high frequencies. Our
objective is to determine the relative importance of scattering and fault nonplanarity
on the high frequency radiation pattern.We do so by calculating RMS accelerations
at different azimuths of the 2000Mw7.3Tottori, Japan, event in different frequency
bands. This event is ideal to study because of its virtually pure strike-slip nature and
its tremendous station coverage provided by theK-NETandKiK-net strong ground
motion stations in Japan. We observe the transition toward an isotropic radiation
pattern at∼2 Hz. We are comparing these observations to predictions, both from
our analytical results of nonplanar faults, and to simulations in 3D scatteringmedia.

Applying the Time-Domain Moment Tensor Inversion Technique to Regional
Earthquake Data in the Puerto Rico-Virgin Island Region
MARTINEZ-TORRES, F. A., University of Puerto Rico at Mayaguez, Mayaguez,
PR, fernan.martinez.2@gmail.com; LOPEZ-VENEGAS, A., University of
Puerto Rico at Mayaguez, Mayaguez, PR, alberto.lopez3@upr.edu

Although the Caribbean plate region is characterized by slow (∼2 cm/yr) plate
motions, it is still prone to earthquakes and tsunamis along its boundaries where
most of the land is concentrated. Moreover, most of the population residing on
these active tectonic regions is concentrated along the coastal areas, thus resulting in
an increasing seismic hazard in the eventuality of tsunamigenic earthquakes. Being
able to detect and alert coastal populations in a timelymanner is critical to safeguard
lives and infrastructure. This research project explores a thoroughly validated, well-
formulated time-domain moment tensor inversion code in order to obtain in quasi
real-time faulting parameters of significant regional earthquakes in the Puerto Rico
Virgin Islands region. The inversion code has been developed by researchers at the

Berkeley Seismological Laboratory, whose main attractive is to decrease the time it
takes to have an estimate calculation of a moment tensor for any major earthquake
using regional data, approximately less than 7 minutes of an earthquake’s origin
time. Three seismic events in the region have been used as testbed to the inversion
code configured for this area. In order to compare our results, previously computed
and published moment tensor inversions from the Global CMT andUSGS for the
same events were used to assess the deviations from results obtained in this study.
Our results indicate the inversionmethod is capable of reproducing the regional and
teleseismic solutions, and thus can be incorporated into daily earthquake location
operations at the Puerto Rico Seismic Network (PRSN) for quick estimation of
faulting mechanisms and tsunami warning purposes.

A Fluid-Induced Seasonally Modulated Earthquake Swarm near Maupin,
Oregon
BRAUNMILLER, J., University of South Florida, Tampa, FL, jbraunmiller@usf.
edu; NABELEK, J. L., Oregon State University, Corvallis, OR, nabelek@coas.
oregonstate.edu;TREHU,A.M.,OregonStateUniversity,Corvallis,OR, trehu@
coas.oregonstate.edu

FromDecember 2006 to November 2011, the Pacific Northwest Seismic Network
(PNSN) reported467earthquakes in a swarm60kmeast ofMt.Hoodnear the town
of Maupin, Oregon. The swarm included 20 MD≥3.0 events, which account for
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over 80% of the cumulative seismic moment release of the sequence. Relocation of
forty-fiveMD≥2.5 earthquakes andmoment tensor analysis of nine3.3≤Mw≤3.9
earthquakes reveals right-lateral strike-slip motion on a north-northwest trending,
70◦ west dipping, 1 km2 active fault patch at about 17 km depth. The swarm
started at the southern end of the patch andmigrated to the northwest at an average
rate of 1 2 m/d during the first 18 months. Event migration was interrupted
briefly in late 2007 when the swarm encountered a 10◦ fault bend acting as
geometrical barrier. The slow migration rate suggests a pore pressure diffusion
process. We speculate that the swarm was triggered by flow into the fault zone
from upwards-migrating, subduction-derived fluids. Superimposed on the swarm
is seasonal modulation of seismicity, with highest rates in spring, which coincides
with the maximum snow load in the nearby Cascade Mountains. The resulting
surface load variation of about 4× 1011 N per km arc length causes 1 cm annual
verticaldisplacementsatGPSsites intheCascadesandappears sufficienttomodulate
seismicitybyvaryingnormal stresses at the fault andfluid injectionrates into the fault
zone.

Fifty Years of Tsunami Science: from the 1964 Earthquake
and Tsunami to the SAFRRTsunami Scenario - Advances
in Tsunami Source Characterization, Numerical Analysis
andHazardMitigation
Poster Session · Friday · 2May ·Cook/Arteaga

CaliforniaMarshes as Recorders of Paleotsunamis: Example from Pillar Point
JAFFE, B. E., US Geological Survey, Santa Cruz, CA, bjaffe@usgs.gov;
RICHMOND, B. M., US Geological Survey, Santa Cruz, CA, brichmond@usgs.
gov; WILSON, R., California Geological Survey, Sacramento, CA, Rick.Wilson@
conservation.ca.gov; HEMPHILL-HALEY, E., Humboldt State University,
Arcata,CA,Eileen.Hemphill-Haley@Humboldt.edu;KELSEY,H.M.,Humboldt
State University, Arcata, CA, harvey.kelsey@humboldt.edu; PETERS, R., US
Geological Survey, Santa Cruz, CA, rpeters_geo1@skyhighway.com; LEEPER,
R., US Geological Survey, Pasadena, CA, rleeper@usgs.gov; WATT, S., US
Geological Survey, Santa Cruz, CA, swatt@usgs.gov

We report on the initial results of a statewide effort to search for geological evidence
of past tsunamis impacting the California coast. Several historical distant-source
tsunamis have inundated portions of the northern and central California coast,
and recent numerical tsunami modeling studies identify a threat to California by
distant-source tsunamis, especially from the eastern Aleutian Islands subduction
zone. Surveys were conducted at 20 coastal marshes and included site visits,
mapping, and coring of shallow surface sediments to determine if evidence for
past tsunamis exists. Here, we focus on data collected at Pillar Point Marsh
on the central California coast during four field efforts from October 2011 to
March 2013. In all, 94 cores were collected and included 3-cm and 6-cm diameter
gouge cores, 7.6-cm diameter vibracores, and 10.2 and 15.2-cm diameter push
cores.

Clean sand deposits interbedded withmarsh sediment were observed inmost
cores taken in the Pillar Point Marsh and an associated ephemeral lagoon/pond.
We looked for typical features of tsunami deposits including deposit geometry
(sheet-like, generally landward thinning), evidence of marine origin (sand similar
to offshore or beach sands; presence of marine diatoms or foraminifera, marine
geochemical indicators), grading (normal, suspension grading, landward fining),
contacts (sharp erosive basal contact), and evidence of high speed flow (rip-up
clasts, erosive contacts) followed by still water (mud lamina, organic debris cap).
Microfossil assemblages, grain-size distributions, geochronology, and provenance
of sand layers provided key information to assess if deposits were formed by
tsunami. We interpret a widespread sand deposit near the surface of Pillar
Point Marsh to be formed by the 1946 Aleutian Islands tsunami based on
sedimentological characteristics, deposit geometry, and 137Cs dating. Evidence
for the formative mechanisms for sand deposits below the upper sand is also
presented.

Observations on the 1964 Distant-Source Tsunami Deposit at Crescent City,
California
HEMPHILL-HALEY, E., Humboldt State University, Arcata, CA,
emh21@humboldt.edu; KELSEY, H., Humboldt State University, Arcata,
CA, hmk1@humboldt.edu; GRAEHL, N., Humboldt State University, Arcata,
CA, nickgraehl@gmail.com; CALDWELL, D., Humboldt State University,
Arcata, CA, dlncldwll@gmail.com; ROBINSON, M., Humboldt State
University, Arcata, CA,mlr@humboldt.edu; LOOFBOURROW, C., Humboldt

State University, Arcata, CA, cl100@humboldt.edu; VERMEER, J., Humboldt
State University, Arcata, CA, jlv39@humboldt.edu

As part of the U.S. Geological Survey Science Application for Risk Reduction
(SAFRR) project, select low-lying sites on the northernmost California coast were
evaluated for geological evidence of past inundation and deposition by distant-
source tsunamis (DST). At Crescent City (41.7◦N), evidence for inundation and
deposition in 1964 by a DST, resulting from the M9.2 Alaska earthquake, includes
verification from eyewitness accounts, post-event surveys, and geological coring
efforts several decades after the event. For this study we used GPS-based field
mapping and coring, alongwith grain-size,microfossil, andPb-210/Cs-137 analyses
to evaluate the 1964 deposits at three marsh sites, including a marsh north of
Crescent City that had not been previously evaluated in detail. The primary goals
of the study are twofold: (1) to describe and compare characteristics of the 1964
tsunamidepositwith stormdeposits (and, in somecases,with theAD1700Cascadia
subduction zone earthquake tsunami deposit); and (2) to use the results of our data
on the distributions and physical characteristics of the 1964 deposits to evaluate
the potential for identifying prehistorical (pre-1800s) DST deposits in the coastal
stratigraphic record for northern California. We used Cs-137 to verify the 1964
tsunami deposits at our study sites, which range from barely visible,< 3 mm thick
sediment layers to> 4 cm thick accumulations of silt, very fine sand, and detritus.
Marine diatoms are prominent in the 1964 deposits, to include a 1 cm thick silty
deposit ∼ 700 m inland, and a sand and detritus deposit adjacent to the coast
in which the diatom data provide evidence for deposition by subsequent tsunami
waves. To date we have not identified with certainty DST deposits in addition to
the 1964 deposits in the stratigraphic interval above the AD 1700 tsunami deposit.
Therefore, for instance, at Crescent City, there is as yet no evidence for inundation
and deposition associated with a DST in 1788.

Geospatial Methods in Support of Tsunami Research
MACPHERSON, A. E., Geophysical Institute, UAF, Fairbanks, AK,
aemacpherson@alaska.edu; NICOLSKY, D. J., Geophysical Institute,
UAF, Fairbanks, AK, djnicolsky@alaska.edu; SULEIMANI, E., Geophysical
Institute, UAF, Fairbanks, AK, elena@gi.alaska.edu

Tsunami research and inundation mapping utilize a wide variety of data and
geospatial analysis techniques. Imagery, digital elevation models (DEMs), LiDAR
and other data can be integrated into a GIS and applied as input into tsunami
models.We summarize some of these integration techniques and applications along
with new sources of data and geoprocessing tools. High quality bathymetric and
topographic data sets can be difficult to source and merge, but they are integral
to tsunami modeling. Key to the discussion of data integration are the concepts
of vertical datum transformations and edge matching between data sets. Also, a
few ways GIS is being used to support tsunami research at the Alaska Earthquake
Center (AEC) will be covered, from data acquisition to the processing of DEMs.
And finally, as a portal for public consumption, AEC’s Alaska Tsunami Online
Mapping interface, leveraging Google Maps, will be highlighted as a way to bring
the products of the research directly to the public and to those making community
evacuation plans.

Tsunami Evacuation Modeling for Cannon Beach, Oregon
MADIN, I. P., Oregon Department of Geology and Mineral Industries, Portland,
OR, ian.madin@dogami.state.or.us; PRIEST, G. R., Oregon Department of
Geology and Mineral Industries, Newport, OR, george.priest@dogami.state.
or.us; WATZIG, R. J., Oregon Department of Geology and Mineral Industries,
Portland, OR, Rudie.watzig@dogami.state.or.us

Timely evacuation is the most effective way to protect people living in a tsunami
inundation zone. For Oregon coastal communities facing local tsunamis from
Cascadia Subduction earthquakes, evacuation time is short, so it is critical to define
the best routes and to knowwhere alternative measures may be needed.We adapted
the anisotropic path distance method of Wood and Schmidtlein (2011, 2012) to
make a new evacuation time model for the City of Cannon Beach, Oregon. The
model uses landcover and slopemaps todetermine speed conservationvalues (SCV)
which represent the proportion ofmaximum travel speed possible in different areas.
We used high resolution lidar and orthophotos to prepare highly detailed and
accurate SCV maps. When our initial models produced results that were at odds
with local experience we developed a simple technique to visualize the paths chosen
by the model which allowed us to identify areas where the paths did not make
sense. We then modified the SCVs for various land cover types to arrive at realistic
evacuation routes.Themodel allowsus to easily test the impactof changes likebridge
failure or co-seismic ground failure to evacuation time and routes. We also used the
model to map evacuation efficiency, the ratio of modeled evacuation time to the
time required to reach safety by a straight line path. This allows us to highlight areas
where addition of pathways might reduce evacuation times. The path visualization
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technique also allows us to estimate the proportion of total evacuation traffic that
is likely to take a particular path. Results like these empower planners to choose the
best routes and decidewhere to install way finding aids such as signage or emergency
lighting. For display purposes, we labeled each building in the study area with its
evacuation time, and included tsunami first-arrival contours based on the same
simulation used to define the evacuation zone.

Seismic Monitoring Capabilities of the Caribbean and Adjacent Regions
Tsunami Warning System
VONHILLEBRANDT-ANDRADE, C. G., US NWS Caribbean Tsunami
Warning Program, Mayaguez, PR, christa.vonh@noaa.gov; CRESPO JONES,
H., US NWS Caribbean Tsunami Warning Program, Mayaguez, PR, hector.
crespo@noa.gov; SAUREL, J. M., Institut de Physique du Globe de Paris
Observatoire Volcanologique et Sismologique, Fonds Saint-Denis, Martinique,
FWI, saurel@ipgp.fr; MCNAMARA, D., USGS Geologic Hazards Science
Center, Golden, CO, mcnamara@usgs.gov; HUÉRFANO MORENO, V. A.,
Puerto Rico Seismic Network, Mayaguez, PR, victor@prsn.uprm.edu; Working
Group 1UNESCO IOC Intergovernmental CoordinationGroup for the Tsunami
andotherCoastalHazardsWarningSystemfor theCaribbeanandAdjacentRegions
(CARIBE EWS)

Over 75 tsunamis have been documented in the Caribbean and Adjacent Regions
during the past 500 years. Since 1500, at least 4484 people are reported to have
perished in these killer waves. Hundreds of thousands are currently threatened
along the Caribbean coastlines. In 2005 the Intergovernmental Coordination
Group for the Tsunami and other Coastal Hazards Warning System for the
CaribbeanandAdjacentRegions (CARIBEEWS)wasestablished. It recommended
the following minimum seismic performance standards for the detection and
analysis of earthquakes: 1) Earthquake detection within 1 minute, 2) Minimum
magnitude threshold = M4.5, and 3) Initial hypocenter error of <30 km. The
implementation plan of the CARIBE EWS currently includes 115 seismic stations
in the Caribbean and Adjacent Regions. The NOAA National Weather Service
Caribbean Tsunami Warning Program prepares and distributes monthly reports
on real time and archived seismic data availability of the contributing stations at
the US Tsunami Warning Centers, the Puerto Rico Seismic Network and IRIS.
As of early 2014, 99 of the proposed stations are being contributed by national,
regional and international seismological institutions. Recent network additions
(Nicaragua, Colombia, Mexico, Cayman Islands, and Venezuela) have reduced
detection threshold, time and location error throughout much of the Caribbean
region and Central America. Specifically, earthquakes (>M4.0) can be detected
within 1 minute throughout much of the Caribbean. The remaining exceptions to
this standard for detection are portions of northern South America and Mexico.
Another performance criterion is 90% data availability. Currently 60 70% of the
stationsmeet this standard. The presentation will further report on the status of the
CARIBE EWS seismic capability for the timely and accurate detection and analysis
of earthquakes for tsunami warning purposes for the Caribbean and Adjacent
Regions.

Stochastic Models of Earthquake Slip for Probabilistic Tsunami Modeling
LEVEQUE, R. J.,UniversityofWashington,Seattle,WA, rjl@uw.edu;WAAGAN,
K., Norwegian Defence Research Establishment (FFI), Oslo, Norway, kwaagan@
gmail.com;GONZALEZ, F. I.,University ofWashington, Seattle,WA, figonzal@
uw.edu; LIN, G., Pacific Northwest National Laboratory, Richland, WA, guang.
lin@pnnl.gov

ProbabilisticTsunamiHazardAssessment (PTHA) requires sampling the stochastic
space of possible seismic events that may cause tsunamis. The pattern of slip on a
given fault geometry can greatly affect the resulting inundation, particularly in
the nearfield. However, variations in inundation are most sensitive to the slip
distribution on the portion of the fault nearby, and relatively insensitive to the
slip pattern on more distant portions of the fault. Moreover, the mapping from
slip on the fault plane to seafloor deformation is a smoothing transformation,
so that higher wavenumber modes may be less important, particularly on deeper
faults. This suggests that considerable dimension reduction should be possiblewhen
exploring the high dimensional stochastic space.Ongoingworkwill be presented on
exploration of these ideas, conducted in relation to a PTHA study of Crescent City,
California andapotential subductionmegathrust eventon theCascadiaSubduction
Zone.

A Coupled Model for Dynamic Wedge Failure, Coseismic Landslides, and
Tsunami Propagation for Shallow Subduction Earthquakes
YAO, Q.,DepartmentofGeological Science, SanDiegoStateUniversity, SanDiego,
CA, q1yao@ucsd.edu; HIRAKAWA, E. T., Department of Geological Science,
SanDiegoStateUniversity,SanDiego,CA,ehirakaw@ucsd.edu;MA,Department

ofGeological Science, SanDiegoStateUniversity, SanDiego,CA, sma@mail.sdsu.
edu

In Ma and Hirakawa (2013), we proposed that coseismic submarine landslides
can occur because large seafloor uplift due to extensive wedge failure significantly
steepens the upper wedge slope. For a wedge on the verge of failure initially any
steepeningofslopecaneasily leadto landslides,whichisanalternativeexplanationfor
the large horizontal seafloor displacement observed in the 2011Tohoku earthquake.
Recent seabed mapping near the Japan Trench seems to support this hypothesis.
Tappin et al. (2013) identified a large (∼500 km3) landslide that explains the
large run-up heights in the northern Honshu coast and high-frequency content of
tsunami data that earthquake sources alone fail to explain.

In this work, we will extend the model of Ma and Hirakawa (2013) by
incorporating coseismic landslides in the dynamic rupture model. Gravity needs to
be explicitly considered in the formulation. We will use an updated Lagrangian
approach in which the equation of motion, failure criterion, and boundary
conditions need to be evaluated at the deformed reference frame. This approach
should also allow us to incorporate tsunami propagation in a nonviscous ocean
layer, which will make it the most complete model carrying information all the
way from source to tsunami in a single code. Using this fully coupled model we will
investigate theconditions for landslides, landslide styles (translationalvs. rotational),
and how inelastic wedge failure and landslides affect the arrival time, amplitude,
and frequency content of tsunami waveforms.

From the Earthquake Source to Damage of Buildings:
Bridging the Gap between Seismology and Earthquake
Engineering
Poster Session · Friday · 2May ·Cook/Arteaga

3D Spontaneous Dynamic Rupture on Geometrically Complex Faults: the 2010
Mw 7.1 Darfield (New Zealand) Earthquake
ABOLFATHIAN, N., ETH Zurich, Zurich, Switzerland, nabolfat@student.
ethz.ch;GALVEZ, P., ETHZurich, Zurich, Switzerland,percy.galvez@sed.ethz.
ch; DALGUER, L. A., Swiss Seismological Service, Institute of Geophysics, ETH
Zurich, Zurich, Switzerland, dalguer@sed.ethz.ch

Field observations suggest that natural faults have a diverse degree of geometrical
complexity such as branching and segmentations. Recent studies show that these
non- planar geometrical complexities have dominant effects on the rupture dynamic
process and near source groundmotion. The 2010Mw7.1Darfield (NewZealand)
earthquake is one of the best recorded earthquake that exhibited geometrically
complex faults, in which includes a vertical fault comprising bending and dipping
branches. The rupture nucleates on a thrust branch fault and propagates on a
strike-slip main fault with branches. We developed a 3D dynamic rupture model
of this earthquakes considering its geometrical fault complexity. The unstructured
3D open source spectral element code SPECFEM3D is used for this investigation.
This code allows modeling realistic non-planar fault geometries. Mesh generation
software,CUBIT, is appliedwhich employs hexahedral unstructured elements.Our
simulations well describes the slip and rupture velocity from published kinematic
source models obtained by source inversion. The role of the fault geometry on
rupture dynamic process and stress changes and its effects on near-source ground
motion is investigated.

Forecasting the Rupture Directivity of Large Earthquakes
DONOVAN, J., University of Southern California, Los Angeles, CA, jrdonova@
usc.edu; JORDAN, T. H., University of Southern California, Los Angeles, CA,
tjordan@usc.edu

Forecasting the rupture directivity of large earthquakes is an important problem in
probabilistic seismic hazard analysis (PSHA) because directivity strongly influences
ground motions. In earthquake rupture forecasting, directivity depends on two
probability distributions, the conditional hypocenter distribution (CHD) and the
conditional slip distribution (CSD). The simplest CHD is a uniform distribution
forwhich the hypocenter probability density equals themoment-release probability
density. We use three methods to estimate the CHDs for a global set of large
earthquakes: (a) location of hypocenters within the slip distribution from finite-
fault inversions, (b) location of hypocenters within early aftershock distributions,
and (c) direct inversion for the directivity parameter D, defined in terms of
the degree-two polynomial moments of the source space-time function. Using
method (c), McGuire et al. (2002) suggested a uniform CHD. The data from
method (a), however, suggest a more ‘centroid-biased’ CHD; i.e., the directivities
inferred from finite-fault models appear to be closer to bilateral than predicted by
the uniform CHD. One source of this discrepancy may be centroid bias in the
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second-order moments owing to poor localization of the slip in finite-fault
inversions. We compare these observational results with CHDs computed from
a large set of theoretical ruptures in the Southern California fault system
produced by the Rate-StateQuake simulator (RSQSim) ofDieterich andRichards-
Dinger (2010) and discuss the implications for rupture dynamics and fault-zone
heterogeneities.

Effects of Difference of Source Spectrum Modeling on Synthetic Motions in
Empirical Green’s Function Method
YAMAGUCHI, M., TokyoUniversity of Science,Noda-shi,Chiba, Japan,u.tyom.
a12@gmail.com; DAN, K., Shimizu Corporation, Tokyo, Japan; KITAMURA,
H., Tokyo University of Science, Noda-shi, Chiba, Japan

The empirical Green’s function method is one of the ways for predicting strong
ground motions. This method synthesizes the waves induced by one-size smaller
earthquakes than the earthquake we want to evaluate.

There are two kinds of source spectrum modeling, the crack model and the
asperity model, and according to earthquake records, it is verified that both of the
fault models have been observed in the past. That is to say, the suitable of the model
can vary for earthquakes we want to predict.

In this paper, we investigated the extent of the effects caused by the difference
of source spectrummodeling for the 2011 Ibaraki-oki earthquake (MW 7.8), which
is the largest aftershock of the 2011 off the coast of Tohoku earthquake (MW

9.0). We examined it at four observation points, and as Green’s function, we used
observational groundmotion data of earthquake ofMW 6.3which occurred off the
coast of Ibaraki.

Wefoundthat the syntheticwaveformofgroundaccelerationsor thedurations
of the synthesized motions were not affected by this inconsistency of the source
spectrummodeling, and that there were no obvious difference between the pseudo
velocity response spectra based on the crack model and those based on the asperity
model in the period range of 0.1 to 10 seconds.

Also, we defined the synthetic ratio as an average of the quotients obtained
by dividing each Fourier spectrum of synthetic waveforms by that of the element
earthquake waveforms at each observation points. In the period range of around the
corner period of (about Period 15 seconds), the synthetic ratio of the crack model
was a little larger than that of the asperity model.

Quantifying the Spatial Variability of Ground Motion Residuals using Site-to-
Site Closeness Index as a Distance Metric
HOLLENBACK, J. C., UCB, Berkeley, CA, jhollenback@gmail.com;MOSS, R.
E. S., Cal Poly, San Luis Obispo, CA, rmoss@calpoly.edu

There have been many investigations into the spatial variability of residuals from
empiricallybasedgroundmotionpredictionequations (e.g.,WangandTakada2005,
GodaandAtkinson2010,LothandBaker2013). In this study, and in similar studies,
spatial variability refers to the similarity (ordissimilarity)of groundmotion residuals
at different locations for a given event. Most studies quantify spatial variability in
terms of semi-variance, autocovariance or autocorrelation. Regardless of the statistic
used, spatial variability is almost always described as a function of linear distance
between locations of observations as a metric of separation. In this study we use
site-to-site closeness index as the metric of spatial variability of ground motion
residuals. The site-to-site closeness index is a modified form of the closeness index
(Lin et al., 2012)and is a measure of the similarity between the wave propagation
paths of ground motion observed at two different sites for a given event. Our
investigation is performed using three different regional data sets, one from Japan
(Rodriguez-Marek et al. 2011), one from Taiwan (Lin et al., 2011) and one from
California (Chiou et al. 2010). For each data set we calculated the semi-variance
for two different kinds of groundmotion residuals: intra-event residuals and single-
station intra-event residuals. These calculations were performed for peak ground
acceleration and pseudo spectral acceleration at 0.3 and 1.0 seconds. Results showa
reduction in scatter when calculating the semi-variance as a function of site-to-site
closeness index when compared to semi-variance calculated as a function of linear
distance. This is observed for all ground motion intensity measures for all three
regional data sets.

Progress Report for the Center for Engineering Strong Motion Data in 2014
HADDADI, H., California Geological Survey, Sacramento, CA, hhaddadi@
consrv.ca.gov; STEPHENS, C., US Geological Survey, Menlo Park, CA,
cdstephens@usgs.gov; SHAKAL, A., California Geological Survey, Sacramento,
CA, tshakal@consrv.ca.gov; SAVAGE,W., US Geological Survey, Menlo
Park, CA, wusavage@usgs.gov; HUANG, M., California Geological Survey,
Sacramento, CA, mhuang@consrv.ca.gov; PARRISH, J., California Geological
Survey, Sacramento, CA, jparrish@consrv.ca.gov

Strong-motion data from the US and other seismically active countries are served
to engineers, seismologists, and public safety authorities through the Center for

Engineering Strong Motion Data (CESMD) at www.strongmotioncenter.org. The
CESMD is a joint effort between the USGS and the California Geological Survey,
in cooperation with other US and international strong-motion networks. The
CESMD benefits from ongoing cooperation with COSMOS (http://cosmos-eq.
org), which assists in facilitating access to strong-motion data from other countries,
and also provides advice on the development of user applications.

TheCESMDnowautomaticallyposts strong-motiondata fromtheCalifornia
Integrated SeismicNetworks as an InternetQuickReportwithinminutes following
an earthquake. In response to engineering seismology needs in the US, strong-
motion records from lower magnitude (<M3.5) and smaller amplitude (<0.5%g)
records from CA are now provided at the CESMD FTP site for use in
studies such as developing ground-motion prediction equations in areas with less
frequent strong earthquakes. Metadata for strong-motion records from significant
earthquakes in Japan with M6.0 or larger and depths shallower than 100 km that
occurred from 2007 to 2013 have been uploaded to the Virtual Data Center
(VDC).

One of the challenges in providing virtual access to strong-motion records is
maintaining awareness of and responding to changes in data formats, file content,
and file structures at cooperating networks. Following a re-organization of the data
archives of the JapanK-NETandKiK-net, theCESMDandCOSMOS successfully
worked with the network operators to establish a new protocol for accessing these
data. Virtual links to the records from the University of Nevada, Reno (UNR)
network have been updated in the VDC database. Most recently, the CESMD has
beenworkingwith theNewZealandGNS Science network to accommodate recent
significant updates to their network data server and files.

Demonstration of PEER Record Processing Methodology
ANCHETA, T. D., Risk Managment Solutions, Newark, CA, tim.ancheta@rms.
com; CHIOU, B. S. J., California Department of Transportation, Sacramento, CA,
brian_chiou@dot.ca.gov;DARRAGH,R.B., PacificEngineering andAnalysis, El
Cerrito, CA, pacificengineering@juno.com; GOULET, C., Pacific Earthquake
Engineering Research Center, Berkeley, CA, goulet@berkeley.edu; KISHIDA,
T., Pacific Earthquake Engineering Research Center, Berkeley, CA, kishidapple@
gmail.com; KOTTKE, A. R., Bechtel, San Francisco, CA, albert.kottke@gmail.
com; KTENIDOU,O., Pacific Earthquake Engineering ResearchCenter, Berkeley,
CA, olga.ktenidou@uif-gerenoble.fr; SILVA, W. J., Pacific Engineering and
Analysis, El Cerrito, CA, pacificengineering@juno.com

During theNGA-West2andNGA-Eastprojects thePEERprocessingmethodology
has expanded to be a comprehensive record processing (removal of unwanted
noise) and time series metric calculator. The full documentation and code are in
developmentwithplansforapublicdistribution.This is tocontinuethetransparency
as promised inNGA-West 2 and to aid inmore consistent time series processing and
metric calculations in the research and engineering community. A demonstration of
the methodology may include: 1) summary of to date allowable raw input formats
2) filter corner selection and review 3) windowing of various phases 4) summary of
to date output time series metrics.

V/H from an Analysis of Kiban Kyoshin Network Data
YAZD, M. S., Bechtel Corporation, San Francisco, CA, msyazd@bechtel.com;
GREGOR, N. J., Bechtel Corporation, San Francisco, CA, njgregor@bechtel.
com; MARRONE, J. E., Bechtel Corporation, San Francisco, CA, jmarrone

Vertical site response spectra used for seismic design are typically developed by
applying a vertical-to-horizontal (V/H) ratio to the horizontal design spectrum.
(See, for example, McGuire et al., 2001). V/H ratios have been developed based
primarily on recordings at the ground surface but they often also depend in
practice on some fundamental assumptions about differences in the effect of
nonlinear behavior of subsurface materials on the upward propagation of vertically
and horizontally polarized waves. Consequently, the currently used V/H ratios
are directly applicable to surface V/H and, often, within the confines of these
assumptions. Over the past decade more earthquake records from vertical arrays
have become available. These new data can be used to determine how V/H ratios
vary as a function of depth or, conversely, how, given an assumedV/H ratio at depth
theV/H ratio at the surfacemight be estimated. A better understanding of the V/H
ratio as a function of depth is also important for the design of deeply embedded
structures.

We have analyzed data from available earthquake recordings from vertical
downhole arrays of the Kiban Kyoshin network, a seismograph network which
consists of pairs of strong motion seismographs installed at approximately 700
locations throughout Japan.Thedownholedepth for thenetwork recording stations
varies from100mto3500m.Manyof the recording stationshaveP-wave andS-wave
velocity profiles.

We calculate 5% damped acceleration response spectra andV/H as a function
of frequency at the surface and at depth using these data. Our very preliminary
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results show that V/H ratios at depths of 100m to 200m are generally higher than at
the surface. Further investigations are being conducted to understand and quantify
V/H at depth as a function of earthquake magnitude and site conditions/velocity,
and these will be presented.

Nonlinear Seismology a Reality. Bridging the Gap between This Reality and
Earthquake Engineering
MARMUREANU, G., National Insitute for Earth Physics, Magurele, Ilfov,
Romania,marmur@infp.ro;CIOFLAN,C.O.,National Insitute forEarthPhysics,
Magurele, Ilfov, Romania, cioflan@infp.ro; MARMUREANU, A., National
Insitute for Earth Physics,Magurele, Ilfov, Romania,marmura@infp.ro;MANEA,
E., National Insitute for Earth Physics, Magurele, Ilfov, Romania, manea.elena@
infp.ro

The authors developed in last time the concept of ‘Nonlinear Seismology-The
Seismology of the XXI Century’. Prof. P.M. Shearer, California Univ.:(i)-Strong
ground accelerations from large earthquakes can produce a non-linear response
in shallow soils; (ii)-The shaking from large earthquakes cannot be predicted by
simple scaling of records from small earthquakes; (iii)-This is an active area of
research in strongmotion and engineering seismology.Aki:Nonlinear amplification
at sediments sites appears to bemore pervasive than seismologists used to think.Any
attempt at seismic zonation must take into account the local site condition and this
nonlinear amplification (Tectonophysics, 218, 93 111, 1993).The seismological
detection of the nonlinear site effects requires a simultaneous understanding the
effects of earthquake source, propagation path and local geological conditions.
The authors used to study the free field response spectra which are the last in
this chain and used in seismic design of all structures Analysis was conducted for
last strong Vrancea earthquakes (March 04, 1977; Mw=7.5; h=94.5 km; August
30, 1986; Mw=7.1; h=134.5 km; May 30 1009; Mw=6.0; h=90.9 km; May 31,
1990; Mw=6.4; h=86.9 km). The amplification factors decrease with increasing
the magnitudes of strong Vrancea earthquakes and these values are far of that given
by Regulatory Guide 1.60 of the U. S. Atomic Energy Commission and IAEA
Vienna. A characteristic of the nonlinearity is a systematic decreases in variability
of peak ground accelerations with increasing earthquake magnitude. An example,
spectral amplification factor decreases from 5.89 (Mw=6.4) to 5.16 (Mw=6.9)
and to 4.04 (Mw=7.1) in Bacau seismic station. The analysis indicates that the
effect of nonlinearity is very important and if the analysis is made for peak ground
accelerations it is 45.7% smaller if we are considering linear soil respones at all and
for stronger earthquakes it will be larger as value.

Ground Motion Hazard Maps for Engineering Design in the New Madrid
Seismic Zone of the Central United States
WANG, Z., Kentucky Geological Survey, Lexington, KY, zmwang@uky.edu

The New Madrid Seismic Zone is one of the most active seismic zones in the
central United States and poses a certain level of seismic hazard and risk to the
communities in the region. It is well known that the best way to mitigate seismic
hazard or reduce seismic risk is better design and construction of buildings and
infrastructures. However, selecting an appropriate ground motion for engineering
design is challengingbecause itnotonly involves seismologists,butalsoengineersand
other stakeholders. It is critical that seismologists not only produce ground motion
hazard maps based on the best available science, but also clearly communicate the
science to engineers and other stakeholders. It is also critical that engineers and
other stakeholders understand the hazard maps correctly. Otherwise, the selected
ground motion might not be appropriate for engineering design. For example, the
ground motion hazard maps with 2 percent probability of exceedance (PE) in 50
years were selected for engineering design in the central United States. The maps
are not consistent with the best available science and are difficult to understand.
The use of these maps has caused problems in engineering design of buildings and
infrastructure in the New Madrid region. Thus alternative ground motion hazard
maps are needed. One such alternative map has been produced using a scenario or
deterministic seismic hazard analysis. The scenario or deterministic groundmotion
hazard maps are scientifically sound and easy to understand.

Developing Worldwide Capacity for Analysis of Data Supporting Earthquake
Hazard Analysis
WILLEMANN, R. J., IRIS Consortium,Washington, DC, ray@iris.edu; BECK,
S. L., Univ. of Arizona, Tucson, AZ, slbeck@email.arizona.edu; PULLIAM,
J., Baylor Univ., Waco, TX, jay_pulliam@baylor.edu; SANDVOL, E., Univ. of
Missouri, Columbia, MO, sandvole@missouri.edu; MELTZER, A. S., Lehigh
Univ., Bethlehem, PA, ameltzer@lehigh.edu; PASYANOS, M. E., Lawrence
Livermore Nat. Lab., Livermore, CA, pasyanos1@llnl.gov; LOUIE, J. N.,
Univ. of Nevada, Reno, Reno, NV, louie@seismo.unr.edu; WALDHAUSER,

F., Lamont-Doherty Earth Obs., Palisades, NY, felixw@ldeo.columbia.edu;
RUSSO, R. M., Univ. of Florida, Gainesville, FL, rrusso@ufl.edu

Aspart of its InternationalDevelopment Seismology initiative, IRIShas organized a
series of ‘AdvancedStudies Institutes’(ASIs) in several locations recently including
Quito, Bangkok, Kuwait, and SantoDomingo and each has included participants
fromnumerous countries. TheASIs develop capacity to better use thewealth of new
seismicdatabeing collected in those regions formanypurposes, and for seismologists
in these regions to be more effective collaborators.

Each ASI includes hands-on learning experiences among the participants
in topics closely related to seismic hazard mitigation, since this is the primary
motivation for investment in seismology in low-income, earthquake-prone
countries. The topics of study have included multiple event relocation methods
for high-precision hypocenters, computation of centroid-moment tensors from
regional data, and urban site characterization from analysis of ambient noise using
several survey techniques.

Access to appropriate instrumentation is becoming more widespread but
capability to manage and analyze data innovatively is less common. Each country
from which our ASIs have drawn participants included practitioners with a wide
variety of capabilities. All participants gain from opportunities to share their
expertise in a structured setting, such as an ASI, in which software and instruction
are provided, along with hands-on training.

Geographically-focused ASIs also provide opportunities to inventory
seismological expertise in a region, to allow scientists who have similar interests
and needs to become acquainted, and for students to identify potential research
topics and opportunities to further their careers. Spurring international research
collaborations can be an effective tool for developing capacity and motivating
deeper involvement in the design and operation of seismic recording. TheASIs have
resulted in data collection and analysis that are useful for appropriate investment to
mitigate earthquake hazard.

The Effects of Local and Background Seismic Sources on the New
Probabilistic Seismic Hazard Map of Peninsular Malaysia
ADNAN, A., eSEER, University of Technology Malaysia, Johor Bahru,
Johor, Malaysia, azelan_fka_utm@yahoo.com, azlanadnan@utm.my;
SHOUSHTARI, A. V., eSEER, University of Technology Malaysia, Johor
Bahru, Johor, Malaysia, abdollahvaezshoushtari@yahoo.com; HARITH,
N. S. H., University of Technology Malaysia, Johor Bahru, Johor, Malaysia,
harithsheena@gmail.com

Even thoughPeninsularMalaysia is located in a low-seismicity region, the structures
may be vulnerable to distant Sumatran earthquakes. Two seismic sources of Sumatra
have been identified as the main contributors to seismic hazard of Peninsular
Malaysia, namely the Sumatra fault and Sumatra subduction zone. In performing
PSHA, the right lateral strike slip fault of Sumatra and the Sumatra subduction
zone are divided into 21 segments. Historical earthquakes of this region, since
1900 up to 2013 are collected, analysed, and segregated according to the segments.
The new recurrence rates of the modelled seismic sources are obtained based on
the updated earthquake catalog using Gutenberg-Richter, Kijko and Sellevol, and
Weichert methods. The PGA values on rock site of Kuala Lumpur (capital city of
Malaysia) based on the historical earthquakes up to 2004, with 2 and 10 percents
probability of exceedance were calculated as 149 gals and 74 gals respectively by
Adnan et al. 2005. The updated seismic source parameters based on the new
mentioned earthquake catalog (up to 2013) had somehow reduced a little bit the
PGA values to 145 gals and 73 gals. With regards to the new earthquake catalogs,
there are some earthquakes aroundPeninsularMalaysia that couldnot be assigned to
any of the Sumatra seismic sources, and thus it could be understood that to achieve
much more appropriate seismic hazard maps, a background seismic source should
be considered for the region. Since 2007, several earthquakes due to local faults
with the maximummoment magnitude of 4.0 are recorded in Peninsular Malaysia.
Eventhough the local earthquakeswere small, the epicenterswere as close as 40kmto
Kuala Lumpur, which could have remarkable effects on seismic hazard of the region.
This study has attempted to employ the local and background seismic sources to
consider their effects on the process of deriving the new probabilistic seismic hazard
maps of Peninsular Malaysia.

CISN ShakeAlert: An Update on Earthquake Early Warnings from ElarmS
HELLWEG,M., UC Berkeley Seismological Lab, Berkeley, CA, peggy@seismo.
berkeley.edu; ALLEN, R. H., UC Berkeley Seismological Lab, Berkeley, CA,
rallen@berkeley.edu; GRAPENTHIN, R., UC Berkeley Seismological Lab,
Berkeley, CA, grapenthin.research@gmail.com; JOHANSON, I., UC Berkeley
Seismological Lab, Berkeley, CA, ingrid@seismo.berkeley.edu; HENSON, I.,
UC Berkeley Seismological Lab, Berkeley, CA, henson@seismo.berkeley.edu;
NEUHAUSER,D.,UCBerkeley SeismologicalLab,Berkeley,CA,doug@seismo.
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berkeley.edu; STRAUSS, J. A., UC Berkeley Seismological Lab, Berkeley, CA,
jastrauss@berkeley.edu

Earthquake Early Warning (EEW) is the ability to detect an earthquake quickly
and provide a few seconds of warning before destructive seismic waves arrive.
The California Integrated Seismic Network (CISN) is operating a demonstration
earthquake early warning system, called ShakeAlert, which includes delivery of
earthquake alerts to potential users. With support from the Moore Foundation
and the USGS, we have been improving the performance of ElarmS, the algorithm
developed and operated by UC Berkeley, in terms of both reporting speed and
accuracy.We are nowoperating ElarmS-2 or E2. Realtime seismic data are processed
continuously at each of the California datacenters, UC Berkeley (UCB), Caltech,
andUSGSMenlo Park. The resulting parameters are passed toUCB for earthquake
detection and characterization. Alerts are then sent to the ShakeAlert Decision
Module and are published to test users from research, government agencies and
some industrial partners. In the Bay Area, the rapid transit system, BART, is now
slowing trains basedon information fromtheEEWsystem.ElarmS is also running in
thePacificNorthwest.Wearenowcompleting the implementationofGlarmS,aGPS
module which will run continuously on GPS data to rapidly contribute estimations
ofmagnitudeandrupture length forvery largeearthquakes. Its input toearlywarning
will be triggered by events fromElarmS.We have also invested considerable effort in
developing and implementing assessment tools both for ElarmS, and for the overall
ShakeAlert system.

Status of Earthquake Early Warning in Cascadia
CROWELL, B.W., University of Washington, Seattle, WA, crowellb@uw.edu;
BODIN, P., University ofWashington, Seattle,WA, pbodin@uw.edu; HARTOG,
J. R., University of Washington, Seattle, WA, jrhartog@uw.edu; VIDALE, J.
E., University of Washington, Seattle, WA, vidale@uw.edu; SCHMIDT, D. A.,
University of Washington, Seattle, WA, dasc@uw.edu; KRESS, V. C., University
ofWashington, Seattle, WA, kress@uw.edu

We present the current status of seismic and seismogeodetic earthquake early
warning for the Pacific Northwest Seismic Network (PNSN) at the University
ofWashington inCascadia.Wehave taken a two-stage approach to earthquake early
warning: (1) detection and initial characterization using strong-motion data from
the PNSN with the ElarmS package and (2) the triggering of geodetic modeling
modules usingGPSdata from the PacificNorthwestGeodeticArray (PANGA) and
combined seismogeodetic (GPS + strong-motion) data. The geodetic modeling
modules include Pd magnitude scaling, PGD magnitude scaling, CMT and finite
fault slip determination. Because of Cascadia’s relatively low seismicity rate, and
the paucity of data from plate boundary earthquakes there of any size, we have
prioritized the development of a test system and the creation of several large
simulated events. The test system permits us to: 1) replay segments of actual
seismic waveform data recorded from the PNSN and contributing seismic network
stations to represent both earthquakes and noise conditions, and 2) broadcast
synthetic data into the system to simulate signals we anticipate from earthquakes
for which we have no actual ground motion recordings. The test system lets us also
simulate various error conditions (latent and/or out-of-sequence data, telemetry
drop-outs, etc.) to explore how to protect the system from them. Finally, we report
on real-time performance of the ElarmS system for small magnitude earthquakes
between 2.5 and 4.5 and show few false alarms over a 9 month period and discuss
challenges and future systemdesignchanges required for amore robust earlywarning
system.

Real-time Seismogeodetic Monitoring of Structural Deformation during
Shaketable Experiments
GOLDBERG, D.,ScrippsInstitutionofOceanography,LaJolla,CA,degoldberg@
ucsd.edu; BOCK, Y., Scripps Institution of Oceanography, La Jolla, CA, ybock@
ucsd.edu; GENG, J., Scripps Institution of Oceanography, La Jolla, CA, jgeng@
ucsd.edu; HAASE, J. S., Scripps Institution of Oceanography, La Jolla, CA,
jhaase@ucsd.edu; MELGER, D., Scripps Institution of Oceanography, La Jolla,
CA,dmelgarm@ucsd.edu;OFFIELD,D.G., Scripps InstitutionofOceanography,
La Jolla, CA, goffield@ucsd.edu; RESTREPO, J., UCSD Jacobs School of
Engineering, La Jolla, CA, jrestrepo@ucsd.edu; SAUNDERS, J. K., Scripps
Institution of Oceanography, La Jolla, CA, jksaunde@ucsd.edu; SQUIBB, M.,
Scripps Institution of Oceanography, La Jolla, CA,msquibb@ucsd.edu

Accurate low frequency strong motion recordings are important for understanding
free field and building response in large engineered structures. We have developed
a seismogeodetic monitoring system based on GPS technology for real-time
observations of large earthquakes that can also be used for structural monitoring.
The data analysis method implements real-time analysis of GPS and accelerometer
observations in a tightly-coupled Kalman filter to provide absolute estimates
of seismic acceleration, velocity and displacement. The technology is currently

operationally streaming real-time observations from remote geodetic module
packages at 17GPS sites in southernCalifornia. The instrumentswere also installed
and run in real-time on a four-story structure at theUCSDNEES shake table to test
an inertial force-limiting floor anchorage system for seismically resistant buildings.
Observations were made at five points on the roof of the structure, at the base,
and at two nearby reference sites off the structure. We have compared observations
made by three types of instrumentation: 1) Topcon and Trimble GPS geodetic
receivers with an Episensor accelerometer, 2) GPS geodetic receivers with aMEMS
accelerometer as implemented in the Geodetic Module instrumentation package,
3) Trimble NetR9 receiver with self-contained (RTX) real-time kinematic data
analysis. This study complements our previous seismogeodetic study of the response
of a four-story building to groundmotions from theDenali fault earthquake, which
shook the building to failure and produced measurable permanent displacement
and tilt. This sequence of shaketable tests illustrates the potential for technology
transfer and collaborative research on observed free field and building response
using these unique measurements of low frequency absolute displacement, velocity,
acceleration and tilt.

Cross Disciplinary Practices and Approaches to Assure Safety of Schools
DARGUSH, A. S., Science Research Synergies, Buffalo, NY, adargush@verizon.
net

In no more than a heartbeat landscapes can be permanently altered by strong
earthquakes. In 2002, Molise, Italy suffered a 5.7 Mw earthquake, killing 30,
including 27 children. After more than one year, the town was still embroiled
in legal battles with the government and engineers associated with the primary
concern the school collapse. The village of San Giuliano di Puglia was cordoned
off and villagers were forced to take housing elsewhere while investigations went
on. Daily, when security personnel changed shifts, villagers sneak into their village
homes; retrieving favorite toys, personal items, books, precious memorabilia
restricted otherwise due to the controversy. Schools play an obvious, important role
for us; primarily as education structures but also as important gathering locations for
various community functions, and as go to places, shelters during disasters. Recent
USdisasters highlight pressingneeds to examineother natural disasters to assess best
practices, lessons learned, structural vulnerabilities and evacuation issues to evaluate
those which may advance seismic safety of schools and protect communities. This
is very important to optimize available resources, efficiently utilize federal and
state funding, and assure that earthquakes remain on the US agenda as a potential
high consequence event for Alaska, Western, Central US and other seismically
active areas. Improvements to primary structural systems continue to be analyzed,
designed and tested, as well as the nonstructural systems surrounding occupants in
existing structures. Notable improvements must proceed in the use of materials for
equipment restraint, strengthening of windows, HVAC systems, more innovative
methodologies for exit and egress to aid occupants, all of which should be part of an
evaluative, code-mandatedprocess to assure safetyof existing schoolbuildings. Sadly,
seismic uncertainty competes with government ability to responsibly appropriate
needed resources.

SEISM Institute and SINAPS@ Project: Synergy between Scientists and
Engineers in France to Improve Seismic Risk Assessment.
BERGE-THIERRY, C., Atomic Energy Commission, Saclay, France, catherine.
berge-thierry@cea.fr; BARD, P. Y., ISTerre, Grenoble, France, pierre-
yves.bard@ujf-grenoble.fr; BAUMONT, D., IRSN, Fontenay aux Roses,
France, david.baumont@irsn.fr; BERTRAND, E., CETE-Méditerranée, Nice,
France, etienne.bertrand@developpement-durable.gouv.fr; CLOUTEAU, D.,
Ecole Centrale Paris, Châtenay Malabry, France, didier.clouteau@ecp.fr;
GRANGE,S.,Universite JosephFourierGrenoble, France, stephane.grange@3sr-
grenoble.fr; ERLICHER, S., Egis, Montreuil, France, silvano.erlicher@egis.fr;
KOTRONIS, P., EcoleCentraleNantes, France,panagiotis.kotronis@ec-nantes.
fr; MOUSSALLAM, N., Areva, Lyon, France nadim.moussallam@areva.com;
NICOLAS, M., Atomic Energy Commission, Arpajon, France, marc.nicolas@
cea.fr; RAGUENEAU, F., Ecole Normale Supérieure de Cachan, Cachan, France,
raguenea@lmt.ens-cachan.fr; SEMBLAT, J.-F., IFSTTAR, Marne le Vallée,
France, jean-francois.semblat@lcpc.fr; VOLDOIRE, F., Electricté de France,
Clamart, France, francois.voldoire@edf.fr

CEA, EDF, CNRS, ECP and ENSC have gathered their expertise in seismic risk
creating in 2012 the SEISM Paris Saclay Research Institute. The shared ambition
is to build a reference cluster, developing tools and methodologies for modeling
earthquake and its consequences on structures and equipments. SEISM conducts
research with R&D organizations and academics, technical support of regulators
and industry. SEISM hosts researchers and PhD students, organizes trainings and
teachings. During the process of SEISM Institute building, the 2011 Tohoku
earthquake and associated tsunami occurred, causing severe nuclear accidents at
the Fukushima Daiichi Nuclear Power Plant, where level 7 (Ines scale) meltdown
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at 3 reactors occurred. Although no nuclear facility exhibited any failure related to
seismic vibrations the underestimation of the seismic and tsunami hazards have been
recognizedby the Japanese community and should indeedbe a concern for theworld
community. Within this framework, SEISM built an ambitious 5-year research
project called SINAPS@. Now funded by the French national research agency,
SINAPS@ aims at exploring the uncertainties associated to databases, physical
processes and methods used at each stage of seismic hazard and structural and
nuclear components vulnerability assessments, in a safety approach: the ultimate
objective is to identify and quantify the seismicmargins associated to a given seismic
design level and a design strategy. SINAPS@ brings together a multidisciplinary
community of researchers and engineers from7 academic teams and 5 organizations
associated with nuclear issues, 13 Ph.D. theses and 15 post-doctoral researchers.
While such an integrative approach has been already considered in a number of
institutes and projects throughout the world, SINAPS@ stands as the first research
project in France explicitly attempting to fully assess the seismic risk from the fault
up to the civil engineering and equipments, focusing on uncertainties.

Seismic Response of Building Clusters: A Numerical and Laboratory Study.
COLOMBI, A., ISTerre, UJF, Grenoble, France, andree.colombi@gmail.com;
ROUX, P., ISTerre, UJF, Grenoble, France, philippe.roux@ujf-grenoble.fr;
RUPIN, M., ISTerre, UJF, Grenoble, France,matthieu.rupin@ujf-grenoble.fr

The studyof coupled resonances and local effects in a cluster of buildings excitedby a
seismic sourcemayadd important constraints to the cluster’s layoutdesign,highlight
differences with respect to isolate buildings and to help predicting maximum
acceleration. Through numerical simulations and laboratory experiments based
on the analogy between acoustic meta-materials and cluster of buildings, we show
how the seismic response of the cluster can be studied starting from a reduced
sets of parameters on models scaled to the acoustic frequency range. Acoustic
meta-materials establish a novel class of materials whose realization embeds sub-
wavelength resonators, i.e. resonating elements whose characteristic size is much
smaller compared to the wavelength. We have realized an experiment allowing the
study of the effects that these objects have on elasticwaves, which is of strong interest
in seismology. The experiment reveals that when excited by an acoustic or a seismic
source, meta-materials may give rise to (1) band-gap effects, i.e. frequency bands
in which seismic energy does not propagate, or (2) sub-wavelength focusing, i.e.
energy conversiononwavelengthsmuch smaller than the original propagated signal.
Inspired by these results we have modeled numerically 3D configurations, which
include variable building/resonator sizes and distributions, a layered half space,
and double couple seismic sources. The analysis presented addresses mainly two
problematics. (1) For each configuration, it is shown the distribution of the energy
within the cluster highlighting the maximum vertical and horizontal acceleration.
In the case of a uniform size and distribution of the buildings characterizing the
cluster, the insertion of a shorter building results in a strong focalization on this
latter. (2) It is investigated the possibility of using band-gaps to realize seismic free
configurations or to isolate determined buildings with respect to their resonance
frequencies.

Near-Field Seismoacoustics of Natural andManMade
Explosions
Poster Session · Friday · 2May ·Cook/Arteaga

Hydroacoustic Recordings of Explosive Submarine Eruptions at NW Rota-1
and West Mata Volcanoes
CAPLAN-AUERBACH, J., Western Washington University, Bellingham,
WA, jackie@geol.wwu.edu; DZIAK, R. P., Cooperative Inst. for Marine
Resources Studies, OSU/NOAA, HMSC, Newport, OR, robert.p.dziak@
noaa.gov; CHADWICK, W. W., Cooperative Inst. for Marine Resources
Studies, OSU/NOAA, HMSC, bill.chadwick@oregonstate.edu; LAU, T. K.,
Cooperative Inst. forMarineResources Studies,OSU/NOAA,HMSC,andy.lau@
noaa.gov

Because they are remote and difficult to access, relatively little is known about the
nature of explosive submarine eruptions. Only two deep (> 500 m) submarine
volcanoes have been observed in eruption: NW Rota-1 volcano (Marianas), and
West Mata volcano (Lau Basin). NW Rota-1 was observed to be erupting from
2004 2010, and West Mata’s eruption was observed between 2008 2010. Video
footage shows that both eruptions include repeated bubble bursts and lava extrusion
largely driven by magmatic degassing. Here we present data recorded during the
two eruptions by moored hydrophones. At NW Rota-1, a single hydrophone was
moored within a few hundred meters of the active vents. The West Mata eruption
was recorded by four hydrophones suspended in the SoFAR channel between 5 20
km from the volcano.

The volcanoes exhibit several distinct hydroacoustic signals: (1) discrete,
high frequency (10 200 Hz) bursts with durations of <1 second, (2) cyclic,
diffuse, broadband signals that begin and end abruptly and last from seconds
to 10’s of minutes, and (3) continuous, narrow-band tremor at ∼2 5 Hz. The
high frequency signals are interpreted to be individual gas explosions similar
to those observed infrasonically at volcanoes such as Stromboli, Karymsky, and
Shishaldin. West Mata’s discrete explosions occur at irregular intervals while those
at NW Rota-1 are generally very evenly spaced, often resulting in a strongly
harmonic spectrum. There are no clear source harmonics in the signals recorded
at West Mata, although interference of direct and surface reflections at the
hydrophones results in spectral bending (Matsumoto et al., 2011). Many of the
WestMata broadband signals also have a strongmonochromatic band at frequencies
ranging from 50 200 Hz. This signal was not observed at NW Rota-1 in 2009,
but occurred in 2010 after the eruptive vent had been modified by a major
landslide. This suggests that different vent geometries have distinct hydroacoustic
character.

Acoustic Signatures of Different Explosive-Detonator Configurations in Small
HE Explosions.
MARCILLO, O., LosAlamosNational Laboratory, LosAlamos,NM, omarcillo@
lanl.gov;ARROWSMITH,S., LosAlamosNationalLaboratory,LosAlamos,NM,
arrows@lanl.gov; MORTON, E., Los Alamos National Laboratory, Los Alamos,
NM, emorton@lanl.gov

Weare analyzing seven 11-kgHEdetonations to identify acoustic signatures related
to the position of the detonator in the explosive material. The explosions were
conducted at a height of burst of 4m, the explosives were 8-inch cylinders with the
detonator pointing at different directions (South(2), East(2), up(1), and down(2)).
The data is comprised of high speed video (3000 fps) recorded in the vicinity of the
explosion (< 200m) and overpressures recorded at 0.87 km radial distance from the
source using a high sampling rate (25Ksps) recorder with a broadband microphone
with flat response between10Hzand20KHz.Additional instrumentation includes
low frequency recorders (<1KHz) using infrasound sensors and nearby weather
towers.

An Analysis of Repeating Explosions using Seismoacoustic Data
MORTON, E., Los Alamos National Laboratory, Los Alamos, NM,
emorton@lanl.gov; ARROWSMITH, S. J., Los Alamos National Laboratory,
Los Alamos, NM, arrows@lanl.gov; MARCILLO, O., Los Alamos National
Laboratory, LosAlamos,NM,omarcillo@lanl.gov;WHITAKER,R., LosAlamos
National Laboratory, Los Alamos, NM, rww@lanl.gov

We present a summary of recent explosion experiments at Los Alamos National
Laboratory (LANL) designed to understand the effects of explosion configuration
and yield on seismoacoustic signatures. By performing repeated experiments, we are
able to explore the variability of source and path in a statistical way. Source effects
comprise a variety of yield, height-of-burst, and ground effects. Path effects are
explored using meteorological towers and topographical profiles for each source-
receiver path.

The Acoustic Signatures of Ground Acceleration, Gas Expansion, and Spall
Fallback in Experimental Volcanic Explosions
BOWMAN, D. C., University of North Carolina at Chapel Hill, Chapel Hill,
NC, daniel.bowman@unc.edu; TADDEUCCI, J., IstitutoNazionale diGeofisica
e Vulcanologia, Rome, Italy, jacopo.taddeucci@ingv.it; KIM, K., University
of North Carolina at Chapel Hill, Chapel Hill, NC, keehoon.kim@unc.edu;
LEES, J. M., University of North Carolina at Chapel Hill, Chapel Hill, NC,
jonathan.lees@unc.edu; GRAETTINGER, A. H., Center for Geohazards
Studies, University at Buffalo, Buffalo, NY, ahgraett@buffalo.edu; SONDER,
I., Center for Geohazards Studies, University at Buffalo, Buffalo, NY, ingomark@
buffalo.edu; VALENTINE, G. A., Center for Geohazards Studies, University at
Buffalo, Buffalo, NY, gav4@buffalo.edu

Results from an infrasound array deployed during an experimental volcanology
initiative shed new light on the sources of acoustic emissions during a buried
explosion. Acoustograms of each explosion contain information on the magnitude
of initial grounddeformation, thecontributionofgasbreakouttothetotal amplitude
of the signal, and timing of the fallback of displaced material. The presence and
relative amplitudes of these three phases varied based on the size of the explosive
charge, the burial depth, and whether or not the substrate had been disturbed
by previous blasts. The amplitude of the acoustic pulse from ground deformation
closely matched the observed ground acceleration of the blast region determined
using particle image velocimetry. The arrival of the gas release phase corresponded
with the timing of gas breakout at the ground surface as observed using high
speed video. The ground fallback signal obeyed the relationship between time
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delay and explosion size as outlined in Lee and Walker (1980). Similar amplitudes
andwaveform characteristics were observed on the ground and on an airborne array
held aloft by heliumballoons, indicating that the radiationpatternwas isotropic.We
describe a conceptual model for the acoustic signals generated by buried explosions
based on the results from this experiment and literature on subterranean nuclear
explosions. Finally, we place recent observations of ground deformation induced
acoustic signals at Santiaguito volcano, Guatemala and Sakura-jima volcano, Japan,
in the context of this model.

Large Scale Blast Experiments Integrate Field, Remote Sensing, and
Laboratory Based Techniques
SONDER, I., University at Buffalo, Buffalo, NY, ingomark@buffalo.edu;
GRAETTINGER, A. H., University at Buffalo, Buffalo, NY, ahgraett@buffalo.
edu; VALENTINE, G. A., University at Buffalo, Buffalo, NY, gav4@buffalo.edu;
BOWMAN,D. C., University of North Carolina at Chapel Hill, Chapel Hill, NC,
daniel.bowman@unc.edu; LEES, J.M.,University ofNorthCarolina,ChapelHill,
NC, jonathan.lees@unc.edu

Many problems in Geophysics arise from complex scaling behavior, and therefore
bench top studies cannot be used to appropriately investigate all mechanisms
critical for scaling to natural scenarios. Such inversion problems are addressed
at the Geohazards Field Station (GFS), a user facility hosted by University at
Buffalo, by setting up larger than bench top, free air experiments which can include
much more natural complexities. The experimental scale also allows to monitor
the process with remote sensing equipment and investigate using standard geologic
techniques.

For this purpose the GFS was used to conduct crater-forming experiments
using chemical explosives (Pentex booster charges, 1 3 106 J) as driving energy
source. The experiments were designed to study explosions which occur during
the formation of maar volcanoes, and during the interaction of groundwater and
magma, wheremultiple explosions take place at similar locations, close and far from
the surface. However, they have been useful to highlight more universal behavior
in subsurface explosions. The blasts created craters up to 2.7 m diameter and
were monitored by a diverse set of sensors including high-speed, high-definition,
and thermal cameras, microphones, infrasound microphones, electric field sensors,
seismometers, geophones, high-frequency seismic sensor, and a pitot tube. The
availability of data observing the dynamics of crater formation, and the static final
products is a unique opportunity to better understand this process. Integrating the
diverse sensor data and geologic records helps to interpret the sensor signals and
map their individual parts to process phases, states and endmembers of a blast. The
experiments serveas anexcellentbase for interdisciplinarymeetingpoint, equipment
testing, and student training.

A Seismo-Acoustic Infrasound Methodology for Accurate Large Scale
Simulations
PETERSSON, N. A., Lawrence Livermore National Lab, Livermore, CA,
petersson1@llnl.gov; SJOGREEN, B., Lawrence Livermore National Lab,
Livermore, CA, sjogreen2@llnl.gov; RODGERS, A. J., Lawrence Livermore
National Lab, Livermore, CA, rodgers7@llnl.gov

We present recent progress towards a coupled seismo-acoustic simulation
capability. This work aims to improve the modeling of energetic events that
trigger mechanical waves that propagate through both the solid earth and the
atmosphere.

Acoustic wave propagation can be modeled by solving the linearized Euler
equations for compressible fluid flow. The acoustic waves are modeled as small
perturbations on top of a given background velocity, pressure, and density field,
which may vary in space. Acoustic waves are advected by the wind, which can
cause significant bias in sound propagation, and modify the refraction of energy
compared to a calm atmosphere. Because of advection, the acoustic wave equations
are naturally formulated as a first order hyperbolic system (i.e., containing up to
first derivatives in space and time). This system is written on symmetric form, and
then discretized by a high order accurate finite difference scheme that satisfies
the principle of summation by parts (SBP). Using the symmetric form of the
governing equations allows an energy estimate to be derived through integration
by parts. By applying similar operations on the SBP difference approximation,
a discrete energy estimate can be derived, implying stability of our finite
difference discretization of the acoustic wave equation. This approach generalizes
to curvilinear coordinates, allowing effects of realistic topography to be taken into
account.

Theacousticmodelingcapabilitywillbecoupledtoourcurrentparallel seismic
modeling codeSW4,which implements a4thorder accurateSBPscheme to simulate
3-D seismic wave propagation in a heterogeneous viscoelastic material, satisfying
the free surface boundary condition along realistic topographies. The acoustic and

seismic domains will be coupled by imposing continuity of traction and normal
velocity along the solid-air interface.

NewDirections in PSHA: Ins, Outs, and Uncertainty
Poster Session · Friday · 2May ·Cook/Arteaga

Empirical Hazard Curve Constraints Using Precarious Rocks of Southern
California
BIASI, G. P., University of Nevada Reno, Reno, NV, glenn@seismo.unr.edu;
ANDERSON, J. G., University of Nevada Reno, Reno, NV, jga.seismo@gmail.
com; BRUNE, J. N., University of Nevada Reno, Reno, NV, brune@seismo.unr.
edu

Precariously balanced rocks (PBRs) are naturally occurring geologic features
susceptible to toppling if exposed to moderate or strong strong ground motions.
Where they occur PBRs thus provide an upper estimate of ground shaking. Ground
motion constraints from PBRs are most important at return times long compared
to the instrumental record. A standing issue of using PBRs has been a limit on
the number of them having quantitative estimates of toppling ground accelerations.
Field testing and/or 3D photographic modeling is expensive and has been done
for a relatively few rocks. We have largely overcome that difficulty by using a 2D
photograph-based method that gives reasonable, though less certain, estimates of
toppling acceleration, but takes only a few minutes per rock. With this advance,
the archive of PBRs in southern California is now sufficiently mature to be able to
propose an empirical hazard curve hazard as a function of distance from the area’s
active faults.Asa faultdatabaseweusedthefault sourcesof the2008NationalSeismic
Hazard Map. When considered together, we find a clear distance dependence in
PBR survival.Within 5 kmof active faults, rocks that would topple at 0.35g become
rare, while at 20 km, this threshold decreases to about 0.25 g. These levels are similar
to median groundmotion prediction equation (GMPE) expectations for hard rock
sites, which indicates that PBR site conditions are not exceptional. We also find
little dependence on fault slip rate. This is somewhat unexpected because high slip
rate faults generally produce more earthquakes during the fragile lifetime of the
rock, and thus more opportunities to exceed median ground motions. Thus the
PBR data suggest that variability in ground motion from event to event may be
low for southern California faults. This tends to confirm the earlier assessment by
Anderson and Brune (1999) that the ergodic assumption for ground motion will
overstate variability.

A New Perspective towards the Generation of Response Spectral Ground
Motion Prediction Equation for Seismic Hazard Analysis
BORA, S. S., University of Potsdam, Potsdam, Germany, sanjay.singh@geo.uni-
potsdam.de; SCHERBAUM, F., University of Potsdam, Potsdam, Germany, fs@
geo.uni-potsdam.de; KUEHN, N. M., University of California, Berkeley, CA,
kuehn@berkeley.edu; STAFFORD, P. J., Imperial College London, UK, London,
UK, p.stafford@imperial.ac.uk; EDWARDS, B., Swiss Seismological Service,
ETH Zuerich, Zuerich, Switzerland, edwards@sed.ethz.ch

Adjustment of empirically derived ground motion prediction equations (GMPEs)
to different seismological conditions is one of the major challenges in engineering
seismology and seismic hazard studies. In the present study we propose a new
and physically consistent framework for the development of a response spectral
GMPEs which can be easily adjusted to different seismological conditions; and
which does not suffer from the practical problems associated with adjustment
in the response-spectral domain. The approach we present brings together two
different paradigms of groundmotionmodeling. The first component, as described
in its initial form by Bora et al. (2013), consists of an empirical FAS (Fourier
Amplitude Spectrum) model and a duration model which are combined within
the random vibration theory (RVT) framework (Boore, 2003) to obtain the full
response spectral ordinates. In addition, we extrapolate the observed FAS beyond
the frequencies which are supported by the observed acceleration records using
stochastic FAS models, obtained by inversion as described by Edwards and FAh
(2013). This way we obtain response spectral models which are easily adjustable
to different sets of seismological parameters such as stress parameter, kappa values,
t* values, etc. We present this analysis for the recently compiled strong-motion
database RESORCE-2012 obtained for data from Europe and the Mediterranean
region.

Event Terms for the Shallow 2011 Normal Faulting Earthquakes in the Ibaraki
Fukushima Prefectural Border Region, Japan

MCBEAN, K.,Nevada Seismological Laboratory,University ofNevada, Reno,NV,
kevinmcbean@gmail.com;ANDERSON,J.G.,NevadaSeismologicalLaboratory,
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University of Nevada, Reno, NV, jga@unr.edu; KAWASE, H., DPRI, Kyoto
University, Gokasho, Uji, Kyoto, Japan, kawase@zeisei.dpri.kyoto-u.ac.jp

In theglobaldatabaseof strongearthquakegroundmotions, there is considerably less
data for large normal faulting events in the shallow crust than for events with strike-
slip and reverse mechanisms. After the Mw9.0, 2011 Tohoku, Japan earthquake,
a sequence of very well recorded normal faulting events occurred on land. The
largest event, theMw 6.6 Fukushima-Hamadori earthquake, caused surface faulting
with up to 2 meters of vertical slip. These events greatly expanded the amount of
strong-motion data for earthquakes with normal mechanisms, but occurred too
late to be included in the 2013 updates of the NGA ground motion prediction
equations. Anderson et al. (2013) found that the groundmotions during the largest
eventwere large comparedwith the2008NGArelations.This paper compares all 13
earthquakes in the sequencewithMwgreater than5.0with the 2013NGArelations.
We applied the site-specific station corrections of Kawase andMatsuo (2004) to the
raw data, as was done by Anderson et al. These corrections significantly reduced the
variance compared to the rawdata. For PGAandPGVwe found event terms, i.e. the
average of the residuals, ln(observed/NGA model), based on data within 100 km
of the fault. While comparisons depend on the specific model, some general trends
appear in our preliminary comparisons. For PGA, the event terms are near zero or
positive at lower magnitudes (Mw under 6.0), and positive at higher magnitudes.
For PGV, the event terms are positive at all magnitudes. For most comparisons, the
residuals increase with distance; the slope of this distance dependence is greater for
the lower magnitudes for both PGA and PGV. Our ongoing study aims to extend
the results tomorepoints on the response spectrum, and reconsider the site-response
corrections.

Memphis Urban Seismic Hazard Mapping Update: New Geology Plus Shear-
Wave Velocity and Earthquake Observations
CRAMER, C. H., CERI, University of Memphis, Memphis, TN, ccramer@
memphis.edu; DHAR, M. S., CERI, University of Memphis, Memphis, TN,
msdhar@memphis.edu

In 2012 2013 the Memphis urban seismic hazard maps were updated with an
improved and expanded geology model covering all of Shelby County, Tennessee.
The new geology-onlymodel predicts fairly uniform groundmotions on the Shelby
County uplands (PGA∼0.3 g forM7.7) but lower groundmotions on the western
lowlands (Mississippi floodplain). Differences in groundmotions aremostly related
to alluvium/loess thickness variations, which have an assigned shear-wave velocity
(Vs) less than 200 m/s. Vs-profile observations across Shelby County (Romero
and Rix, 2001) show Vs < 200 m/s consistently to depths of only ∼10 m, unlike
the geology-only model’s of ∼20 m in the NW uplands and greater than 30
m in the lowlands. A new geology plus Vs model shows more uniform hazard
across the uplands and lowlands. We check on the reality of the new geology plus
Vs based hazard estimates using two recent earthquakes: the 10/29/2012 M3.6
Parkin, AR west of Memphis and the 02/21/2012 M3.9 East Prairie, MO to the
north. Scenario groundmotionmodels for these two earthquakes show the greatest
difference between the geology-only and geology-plus-Vs models in the lowlands
and mainly for long period (1.0 s). A residual analysis at 9 ANSS stations across
Shelby County for these two earthquakes favors the geology-plus-Vs model. This
comparison helps validate the shallow Vs model over the shallow geology model.
The ultimate validation will come from future stronger motion observations that
demonstrate a similarity or difference in ground motion between the lowlands and
uplands in Shelby County.

MagnitudeDependent Site Amplification SeismicHazard Calculation Outside
the Hazard Integral for St. Louis, MO
CRAMER, C. H., CERI, University of Memphis, Memphis, TN, ccramer@
memphis.edu

RichardLee(2000)developedanapproachtosite-specific seismichazardcalculation
for magnitude-independent site-amplification that applies the site amplification
distributionoutsidethehazardintegral.Cramer(2009b) implementedthisapproach
for urban seismic hazard mapping in St. Louis, MO-IL. However, the USGS
National Seismic Hazard Mapping Project deaggregation for St. Louis shows that
thepredominanthazard is fromM7s about 200kmfromthe study area andM5s and
M6s within 50 km of the study area. Cramer (2009a) developed site amplification
distributions corresponding to these three levels of magnitude and corresponding
distance and showed that the M7 at 200 km case is different from the M5 and M6
< 50 km cases. Hence site amplification is magnitude dependent in the St. Louis
area.

Richard Lee (2010, oral communication) suggested that the magnitude-
dependent site-amplification problem could be divided into a series of magnitude-
independent site-amplification calculations over limited magnitude ranges. The
hazard curves from the series of outside the hazard integral calculations for different

magnitude ranges could then be combined for the total hazard curve at a site
or grid-point. This magnitude dependent site amplification approach has been
implemented, tested, and applied to generating St. Louis urban seismic hazard
maps. The outside the hazard integral approach for applying site amplification
distributions ismore computationally efficient (5 10 times faster) and separates the
tasks of hazard and site amplification calculation so a change in one does not force
the recalculation of the other as the inside-the-hazard-integral approach requires
(Cramer, 2003, 2005).

Seismic and Tsunami Hazard Assessment in the Southwestern Hellenic
Arc based on Multidisciplinary and Multiscale Geophysical Data The EU
SEAHELLARC Project
PAPOULIA, J. E., Hellenic Centre for Marine Research, Athens, Greece, nana@
ath.hcmr.gr;MAKRIS, J. N., GeoProGmbH,Hamburg, Germany, info@geopro.
com; MASCLE, J., Geoazur, Villefrance sur Mer, France, mascle@geoazur.obs-
vlfr.fr; SLEJKO, D., Osservatorio Geofisico Sperimentale, Trieste, Italy, dslejko@
ogs.trieste.it; YALCINER, A., Technical University, Ankara, Turkey, yalciner@
metu.edu.tr; PAPADOPOULOS, G., National Observatory of Athens, Athens,
Greece, papadop@gein.noa.gr; NICOLICH, R., University of Trieste, Trieste,
Italy, r.nicolich@univ.trieste.it; GULKAN, P., Cankaya University, Turkey,
polatgulkan@cankaya.edu.tr; and the SEAHELLARCWorking Group

Aim of the SEAHELLARC project was to develop a new approach in assessing
seismic and tsunami hazard by exploiting new hardware and combining geological,
geophysical and engineering research. The coastal zone of western Peloponnese,
south westernHellenic arc, was used as a pilot area, as this margin is one of themost
seismic and tectonic active regions of Europe. The most important achievement of
the SEAHELLARCproject was the integration ofmultidisciplinary andmultiscale
geophysical data (from seabed to deep crust and uppermantle) to better understand
the structure, tectonic and geological hazards on an active margin. Seismic hazard
was computed according to the most updated approach (the logic tree approach,
that incorporates all uncertainties involved in the computation) and considering a
new seismogenic zonation, established during the SEAHELLARC project on the
basis of the results of passive and active experiments. Moreover, the seismic sources
that have generated or could generate tsunami were identified and characterized
from the geographical and seismic point of view.

Results of a Preliminary Earthquake Hazard Study in North Baja California,
Mexico
MUNGUÍA, L., CICESE, Ensenada, BC, México, lmunguia@cicese.mx

In the last decades several earthquakes of magnitude larger than 6 occurred in
the Baja California-Southern California region. Most recently, the El Mayor-
Cucapah earthquake of April 4, 2010 (M 7.2) produced severe damage along
the eastern part of north Baja California. Its strong motion effects were our main
motivation to start a seismic hazard assessment for the region. Here, we present
the first preliminary results of a hazard analysis that is presently underway. For
the hazard computations, a computer code that is based on Matlab programming
language was developed. Validation of such computer program was done through
satisfactory reproductions of results of a benchmarkPSHAexample (Kramer, 1996)
and of other published results. The preliminary results of runs of this program
are shown in maps with contour lines of peak ground acceleration (PGA) and
spectral acceleration (PSA) in 2% and 10% exceedance probabilities in 50 years.
To get the hazard results, all major faults of the area were considered as seismic
sources, and each source was modeled as a Poisson earthquake process, for which
themagnitude frequency relation was a truncatedGutenberg Richter curve. The
a- and b-values for each source were estimated from regional catalogs containing the
seismicity of the last 35 years. On the other side, the groundmotion levels for given
magnitudes and source-to-site distances were obtained from the NGA attenuation
model of Boore and Atkinson (2008) or from a model by Boore et al. (1997).
In addition to the above hazard maps, we also show maps with results of hazard
disaggregation computations.Displays of the contributions to hazard in terms of the
geographic coordinates provide a better insight about the most probable scenarios
for specific sites.

A UCERF3-Based Seismic Source Model for the Lawrence Livermore
Laboratory Region, California
OSTENAA, D., FugroConsultants, Inc., Lakewood, CO, d.ostenaa@fugro.com;
LAFORGE, R., Fugro Consultants, Inc., Lakewood, CO, r.laforge@fugro.com;
SAWYER, T., Piedmont Geosciences, Reno, NV, tom@piedmontgeosciences.
com

A seismic source model was developed for the Lawrence Livermore Laboratory
site, southwest San Francisco Bay Area, California. Due to the proximity of
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active seismogenic features near the site and deaggregation of previous hazard
results, only sources within 100 km were considered, with emphasis on sources
within 40 km. Fault characterizations were adapted from the recently released
UCERF3 model. This model has several advantages over previous ones, including
increased attention to, and rational characterization of, multi-fault ruptures, and
increasedutilizationofgeodeticdataandaseismic factors.Themagnitude-frequency
distributions (MFD) that resulted from the UCERF3 inversion were used as
primary inputs to recurrence rates for the modeled fault sources. The MFD
for a fault contain multi-segment ruptures that are also contained in those for
adjacent, participating faults. To avoid double counting, a scheme was developed to
subtract the rates of these multi-segment ruptures from participating faults that
are not closest to the site. Several faults in close proximity to the site which
were not included in UCERF3, such as the Livermore Anticline, Springtown
Anticline, and Williams-Verona faults, were added to the model. Background,
or off-fault seismicity was characterized by using the UCERF2 grids. While
the UCERF3 model weighted new UCERF3 grids equally with the previous
UCERF2 grids, analyses shows them to contribute equally to the hazard in the
Livermore area.

Seismic Source Characterization (SSC) Approaches for a Site-Specific PSHA
Controlled by Fault Sources: The Diablo Canyon Power Plant Seismic Hazard
Update, Central Coastal California
THOMPSON, S., Lettis Consultants International, Walnut Creek, CA,
thompson@lettisci.com; LETTIS, W., Lettis Consultants International,
Walnut Creek, CA, thompson@lettisci.com; ABRAMSONWARD, H., Lettis
Consultants International, Walnut Creek, CA, hans@lettisci.com; BIASI, G.,
University of Nevada Reno, Reno, NV, glenn@seismo.unr.edu; CASKEY, J.,
San Francisco State University, San Francisco, CA, caskey@sfsu.edu; HANSON,
K., AMEC E&I, Oakland, CA, kathryn.hanson@amec.com; ABRAHAMSON,
N., Pacific Gas and Electric Company, San Francisco, CA, NAA2@pge.com;
GREGOR, N., Bechtel, San Francisco, CA, nick@ngregor.com

Pacific Gas & Electric Company (PG&E) is performing a seismic hazard update
for the Diablo Canyon Power Plant (DCPP). Seismic hazard at the DCPP site,
located on the central California coast, is dominated by nearby fault sources
including the offshore Hosgri-San Simeon-San Gregorio strike-slip fault system
and a series of intersecting strike-slip and reverse faults that branch eastward
and extend onshore. The recently released UCERF3 poses a challenge to the
traditional fault characterization strategies that have been used in a regulatory
environment. UCERF3 replaced segmentation-based fault models with a quasi-
continuum model that allows ruptures of almost any length up to the full
length of the fault system. It also allows multi-fault ruptures, so short faults
near DCPP are allowed with some probability to link with long faults like
the Hosgri. Assigning meaningful probabilities to the complete set of possible
ruptures would be impractical. Instead, the revised seismic source model for DCPP
is incorporating UCERF3 concepts, within a traditional PSHA framework, in
two main ways: first, by shifting emphasis from epistemic (model) uncertainty in
total fault length and segmentation to aleatory (natural variability) uncertainty
in rupture sources on the network of fault sources near DCPP; and second, by
incorporating magnitude-frequency distributions that allow both characteristic
earthquakes informed by local fault length scales and maximum earthquakes
informed by total lengths of fault systems. A current challenge to this approach
is to devise a defensible partitioning of seismic moment for hazard estimation
between classic local fault ruptures and larger allowed ruptures, the frequency of
which is virtually unknown. The DCPP SSC is also introducing a new approach in
which limits on fault geometry and slip are correlated through a set of tectonic
models, with the goal of keeping fault uncertainties bounded by mechanical
consistency.

Hazard Implementation of Simplified Seismic Source Characterization
Allowing for Linked Faults
WOODDELL, K. E., Pacific Gas & Electric, San Francisco, CA, KXWL@pge.
com; ABRAHAMSON, N. A., Pacific Gas & Electric, San Francisco, CA,
NAA2@pge.com; ACEVEDO-CABRERA, A. L., AMEC Environment &
Infrastructure, Oakland, CA, a.acevedocabrera@amec.com; YOUNGS, R. R.,
AMEC Environment & Infrastructure, Oakland, CA, Bob.Youngs@amec.com

The magnitude-frequency distributions (MFDs) commonly used for fault-specific
sources in probabilistic seismic hazard analysis (PSHA), such as the characteristic
magnitude distribution of Youngs and Coppersmith (1985) or the maximum
magnitude model of Wesnousky (1986), specify the frequency of earthquakes
up to a fixed upper limit that is typically defined based on the specification of
a segmentation model for the fault. Characterization of interacting faults with

possible multiple segment linkages in less frequent very large ruptures requires
specification of the relative frequency of each rupture scenario included in the
hazard model that has been specified either by expert assessments coupled with
seismic moment balancing (e.g. the Working Group on California Earthquake
Probabilities, 2003) or by large-scale inversions of geological and geophysical data
(e.g. UCERF3).

To facilitate the incorporation of the concepts of potential fault segment
linkages in standard PSHA studies we propose a generalized MFD that captures
the characteristic magnitude behavior of the standard models while allowing for
rare, large magnitude, linked ruptures. As described inWooddell and Abrahamson
(2013) the shape of the MDF is based on forward modeling of the coefficient
of variation for slip at a point that is consistent with the global dataset of
Hecker et al. (2013). Coupled with an assumption that the average slip over
the full rupture is the same as the average slip on the segment closest to
the study site, we now demonstrate a simplification to the moment balance
by only tallying the fraction of the moment released on the nearest segment;
thus only the nearest fault segment requires full characterization. Utilizing the
new PDF and our simplified moment balance approach, we explore the hazard
implicationsof thismodelandsensitivity totheselectionofmagnitude-displacement
relationships, models for the probability of surface rupture, and other PDF model
parameters.

Rupture Synchronicity in Complex Fault Systems
MILNER, K. R., University of Southern California, Los Angeles, CA; JORDAN,
T. H., University of Southern California, Los Angeles, CA

While most investigators would agree that the timing of large earthquakes within
a fault system depends on stress-mediated interactions among its elements, much
of the debate relevant to time-dependent forecasting has been centered on single-
fault concepts, such as characteristic earthquake behavior. We propose to broaden
this discussion by quantifying the multi-fault concept of rupture synchronicity. We
consider a finite set of small, fault-spanning volumes and identify the discrete event
times at which each volume participates in a rupture above a magnitude threshold.
The main object of our analysis is the complete set of event time differences, which
we take to be a random process with an expected density function. We call this
function the auto-catalog density function (ACDF) for a single volume and the
cross-catalog density function (CCDF) between separate volumes. For a renewal
process, the ACDF can be written in terms of convolutions of the interevent-time
distribution, and many of its properties (e.g., large-t asymptotes) can be derived
analytically. Synchronicity can therefore be characterized by the variability of the
CCDF about this asymptote.We preform this analysis on a million-year California
catalog generated by the RSQSim earthquake simulator. At interseismic (Reid)
time scales, we observe pairs of fault segments that are tightly locked, such as the
CholameandCarrizosectionsof theSanAndreasFault (SAF); segmentsoutofphase
(Carrizo-SAF/Coachella-SAF and Coachella-SAF/San Jacinto), where the CCDF
variation is an odd function of time; and segments where events are in phase with
integer ratiosof recurrence times (2:1 synchronicityofCoachella-SAF/Mojave-SAF
and Carrizo-SAF/Mojave-SAF). Therefore, despite its geometrical complexity and
multiplicity of time scales, the RSQSimmodel of the SAF system exhibits a variety
of synchronous behaviors that increase the predictability of large ruptures within
the system.

Estimating and Utilizing the Space covered by GMPEs for PSHA
KUEHN, N. M., PEER, UC Berkeley, Berkeley, CA, kuehn@berkeley.edu;
SCHERBAUM, F., University of Potsdam, Potsdam, Germany, fs@geo.uni-
potsdam.de; GIANNIOTIS, N., University of Potsdam, Potsdam, Germany,
nikolaos.gianniotis@geo.uni-potsdam.de; ABRAHAMSON,N., UC Berkeley,
Berkeley, CA, abrahamson@berkeley.edu

Tocapture the rangeof epistemicuncertainty inprobabilistic seismichazardanalysis,
different models are combined in a logic tree framework. An important aspect in
this context is the number of branches, i.e. the number of models that should be
employed, and whether they cover the expected range of epistemic uncertainty.
There are many published ground-motion prediction equations (GMPEs) which
can potentially be used in a PSHA. Each of these models can be thought of as a
point in a high-dimensional model space. However, due to physical constraints this
model space cannot be arbitrarily shaped, but forms a lower dimensional manifold.
Using visualization tools such as e.g. self-organizingmaps,we estimate thismanifold.
From the resulting visualization we generate new models, effectively interpolating
between existing GMPEs along the manifold. This allows us to enhance the set of
availablemodels in a structured, physically driven way. The newly generatedmodels
are an estimate of the full ground-motion distribution covered by the employed
GMPEs. Generating visualizations from subsets ofmodels and subsequently adding
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models, we investigate howmanymodelswe need to obtain a stable visualization, i.e.
a stable estimate of the lower dimensionalmanifold. In particular, we checkwhether
the left-out GMPEs are covered by the visualization, i.e. if they can be recovered
by a model generated from the visualization. Thus, we can determine a sufficient
number of GMPEs for the logic tree. Finally, we discuss how the visualization,
and the space each model occupies within it, may aid in choosing logic tree
weights.

Between-Event Uncertainty for ‘‘Repeating Earthquakes’’
YAGODA-BIRAN, G., Nevada Seismological Laboratory, University of Nevada,
Reno, NV, birangony@gmail.com; ANDERSON, J. G., Nevada Seismological
Laboratory, University of Nevada, Reno, NV, jga.seismo@gmail.com; MIYAKE,
H., Earthquake Research Institute, University of Tokyo, Tokyo, Japan, hiroe@eri.
u-tokyo.ac.jp;KOKETSU,K.,EarthquakeResearch Institute,UniversityofTokyo,
Tokyo, Japan, koketsu@eri.u-tokyo.ac.jp

Recent studies of strong ground motions have placed increased importance on
understanding the uncertainties in ground motion predictions. Ground motion
prediction equations (GMPEs) often separate the between-event (tau) from the
within-eventvariability,but recent studieshave focusedonmoreprecisedistinctions,
such as single-station sigma.

The concept of a fault that ruptures identically in repeated events was called
a characteristic ground motion earthquake by Anderson and Brune (1999). An
extension of this idea to observations suggests that perhaps the smallest uncertainty
that can be expected in ground motion recordings is to be expected when the
same station records motion from rupture of the same fault segment in repeated
events. We have searched for records from repeated rupture of the same fault in
similar, large-sized earthquakes (M > 5), and found several cases, two of strike-slip
faults from the US and five of thrust faults from Japan, which in our judgment
are similar enough that the differences in ground motion are relevant to estimating
the uncertainty due to the variability of multiple ruptures of a single source. We
compare the 5% damped spectral accelerations for these events at the recording
stations, and calculate the maximum-likelihood standard deviation tauep within
a pair. For period ranges where records from both earthquakes are reliable, we
find that tauep averages between 0.1 and 0.2 natural log units. Based on extensive
numbers of synthetic seismograms with random variability, we find that the actual
value of tauep is larger by a factor of 1.76 compared to the maximum likelihood
estimates using event pairs. This suggests that the variability from repeating
earthquakes is 0.18-0.36,which is comparable or lower than tau estimated inGMPE
studies.

Straightforward Bayesian Procedure for Estimation of the Regional
Characteristic, Maximum Possible Earthquake Magnitude mmax

KIJKO, A., Natural Hazard Centre, University of Pretoria, Pretoria, South Africa,
andrzej.kijko@up.ac.za; SMIT,A.,NaturalHazardCentre,University of Pretoria,
Pretoria, South Africa, ansie.smit@up.ac.za

Upon investigations into the mathematical structure of the currently used
Bayesian procedure for the estimation of the regional characteristic, maximum
possible earthquake magnitude mmax (Cornell, 1994), a mathematical flaw
was discovered which results in the biased assessment of mmax (Kijko, 2012).
The degree of the bias and its sign depend on the applied Bayesian estimator,
the quantity of information provided by the prior distribution and the sample
likelihood function. It has been shown that if the maximum posterior estimate
is used, the bias is negative and the underestimation of mmax can be as big
as 0.5 magnitude units. The cause of the problem lies in the properties of
the sample likelihood function for which the range of observations (earthquake
magnitudes) depends on the unknown parameter mmax . This dependence
violates the property of regularity (LeCam, 1970) of the maximum likelihood
function. The possibility to modify the current Bayesian procedure through
the replacement of the ‘incorrect’ sample likelihood function with a seismicity-
driven distribution of mmax is explored. The Monte-Carlo simulations show
that the newly proposed approach is surprisingly very efficient and is capable of
providing correct values of mmax even when a low number of seismic events are
available.
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Maximum Possible Earthquake Magnitude: Limits of Inferences from
Longterm Data in the Framework of the Poisson Model
ZÖLLER, G., University of Potsdam, Potsdam, Germany, zoeller@uni-potsdam.
de; HOLSCHNEIDER, M., University of Potsdam, Potsdam, Germany, hols@
math.uni-potsdam.de

In recent publications, it has been shown that earthquake catalogs are useful to
estimate the maximum expected earthquake magnitude in a future time horizon
Tf . However, earthquake catalogs alone do not allow to estimate the maximum
possible magnitude M(Tf → 8) in a study area, unless strong prior assumptions
are made. Assuming independent magnitudes drawn from a truncated (or tapered)
Gutenberg-Richter distribution, optimal estimates of M (or the corner magnitude)
depend solely on the largest (or few largest) observed event(s) regardless of all the
other details in the catalog. Therefore, instrumental earthquake catalogs provide
only little information on M, even if they include a huge number of small and
intermediate events. In this study, we focus on the question, whether other data
might be helpful to better constrainM. Assuming a Poisson process for earthquake
occurrence, we show that the maximum observed magnitude μT in a known time
interval T in the past (historic or paleo-earthquake) provides the most powerful
information on M in terms of the smallest confidence intervals. Other data are less
powerful, because they either correlate with earthquake catalogs (e.g. deformation
fromGPSrecords), or act as earthquakeproxies introducing additional uncertainties
(e.g. strain rates from geological assessments). The only strategy to achieve a higher
information gain from longterm data with respect to the estimation of M is
the replacement of the Poisson assumption by a different model for earthquake
occurrence.

Preliminary Precariously Balanced Rock (PBR) Age Dates Based on Various
Models of Erosion
BRUNE, R. J., USC, Los Angeles, CA, richbrune@sbcglobal.net; BRUNE,
J. N., University of Nevada Reno, Reno, NV, brune@seismo.unr.edu;
GRANT LUDWIG, L., University of California Irvine, Irvine, CA, lgrant@uci.
edu

The fragility and age of precariously balanced rocks (PBRs) are critical in
constraining PSHA results.We present preliminary estimates of PBR ages based on
preliminary 10Be concentrations provided by Dylan Rood (Rood et al., SRL 2010;
EOS2012).Weconsider increasingly complexmodels for erosion: (1) Instantaneous
exhumation followed by a number of years of exposure (CRONUS), (2) Constant
erosion rate of a flat surface from far above the rock to the time of exposure
of the rock pedestal, (3) the 4 parameter model (3 erosion rates and age of the
lowest sample on the pedestal) of Balco et al. (Quat. Geochron., 2011), and
(4) a model similar to that of Balco et al., but with a tilted erosional surface.
We have made corrections for paleo-intensity, improved shielding (5 deg by 5
deg sampling, and the effective attenuation length). Similar to Balco et al., we
ran tests to fit 10Be concentration profiles for 5 PBRs, using 4 to 8 samples per
PBR.

In all cases the resulting pedestal age is at least a few thousand years. The
pedestal age is a proxy for the elapsed time since the rock became precariously
balanced. As pointed out by Balco et al (2011) various parameters in their
model (and in our new models) are uncertain and could lead to changes in
pedestal ages, but in no case could we get age dates less than a few thousand
years. Results are similar to those found by Bell et al., (Geology 1998) using
36Cl, and by Purvance et al., (SCEC 2009) using varnish microlamination dating
(VML).

Testing UCERF3
JACKSON, D. D., UCLA, Los Angeles, CA, david.d.jackson@ucla.edu

The third Uniform California Earthquake Rupture Forecast (UCERF3), is a
complicated model. However, it forecasts prospectively testable outcomes: rates
of on-fault earthquakes, rupture geometries and magnitudes, and spatial density
rates of off-fault earthquakes. One version of the model includes explicit time
dependence of the rates. As with the previous UCERF2, the epicenters of on-fault
earthquakes can be converted, with a few assumptions, to spatial densities as well,
resulting in an epicentral rate density as a function of magnitude and location. This
type of forecast can be tested against other forecasts based on various methods such
as strain rate and smoothed seismicity using methods developed and practiced by
the Collaboratory for Study of Earthquake Predictability (CSEP). But UCERF3
includes many features not well represented in the ongoing CSEP tests. Most
important, CSEP has focused on tests that can be resolved in times less than 5 years,
and important features of UCERF3 include thousands of specific large on-fault
ruptureswith recurrence times of centuries or longer. Testing the rates of such events
individually is out of the question, but some features of the whole model should be
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evident, or not, within decades. Some examples include the magnitude-frequency
distributions for the whole state, a subset of the state closely surrounding major
faults, and the remaining subset. Another test is the fraction of all events above the
lower magnitude threshold included in the on-fault category. Fault-specific tests
include the fraction of times that earthquake ruptures stop within small regions
where the UCERF model predicts frequent termination. Paleo-seismic data imply
a rate at which sites should experience additional ruptures, observable within some
decades. Retrospective tests of paleoseismic recurrence could also be informative.
A new feature of UCERF3 includes the possibility of fault-to-fault jumps, testable
over a longer period.

Challenges of Developing a Simulation-BasedRiskModel: AreAll Realization
of Event Time Series Equally Relevant?
FITZENZ, D. D., RMS, Inc, Newark, CA, delphine.fitzenz@rms.com;
WILLIAMS, C. R., RMS, Inc., Newark, CA, chesley.williams@rms.com

The occurrence properties of ruptures, whether the long-term mean recurrence
time or the time-dependent renewal properties, are assessed for ruptures or faults
independently. Even in aGrand Inversion scheme, constraints on the order inwhich
the ruptures occur are not present and the result, for the long-term average example,
is given in terms of independent rates for each rupture of the ERF.

This is because what is characterized is the inter-event time distribution for
each separate rupture.

Whether that distribution is chosen to be an exponential or a lognormal or
another shape, it does not constrain the timing of events in the system, only the
inter-event time distributions for each of the ruptures.

If these distributions are used to create time series of events in a system, this
can lead to realizations in which there are periods of extremely large slip rates, in
particular in regionswhere faults are subparallel (i.e., several faults can accommodate
the relative plate motion), or on the contrary to 0, or very small slip rate if only the
long inter-event times are sampled (relative plate motion on hold).

As the community goes towards simulation-based PSHA and risk models,
this issue could become critical, even at the scale of a few years: the spread in the
Exceedance Probability in hazard or losses from one realization to another could be
huge, the cost to converge on the average properties for each fault as well, while the
resulting medium-term (over a few large ruptures) fault slip rates might be deemed
unacceptable by earthquake geologists.We propose examples of ways in which such
slip rate constraints may be incorporated, both at the level of one fault and at the
level of several faults.

Recent Advances and Findings in Earthquake Geology and
Paleoseismology
Poster Session · Friday · 2May ·Cook/Arteaga

A Paleoseismic Transect of Forearc Lakes at the Latitude of Seattle,
Washington
GOLDFINGER, C., Oregon State University, Corvallis, OR, gold@oce.orst.
edu; MOREY, A. M., Oregon State University, Corvallis, OR, morey@
coas.oregonstate.edu; GALER, S., Oregon State University, Corvallis, OR,
steve.galer82@gmail.com; BEESON, J., Oregon State University, Corvallis,
OR, beeson@coas.oregonstate.edu; ERHARDT, M., Oregon State University,
Corvallis, OR, gosar951@yahoo.com

We sampled lake sediments collected from forearc lakes along a transect from just
west of the Olympic Peninsula to the Cascade foothills at the latitude of Seattle,
Washington.WorkingwithBrian Sherrod (USGS), we used amodified Livingstone
corer deployed from a small floating platform. The lakes are (west to east) Beaver
Lake, Leland Lake, Tarboo Lake, Hall Lake, and Lake Sawyer. These lakes are
small (2 113 ha), range in depth from 6 17 m, and are all kettle lakes other than
Beaver Lake (a landslide-dammed lake). The sediment cores are composed primarily
of organic-rich gyttja and visually show little downcore variability, except for the
presence of a thick tephra at about 6 7m atmany of the sites (other than at Tarboo
Lake which has little overland flow and thus much lower clastic input). The tephra
is likely from the eruption of Mt. Mazama based on its similar depth occurrence in
previously published cores. Computed Tomography (CT) density, gamma density,
and magnetic susceptibility data show there is much more variability in sediment
composition than is visually apparent, which initial investigation suggests is in
part a function of variations in the percentage of clastics as compared to organics.
Preliminary correlations of the core data along this 185 km transect show strong
similarities in density variability between these cores over the past ∼7600 years
when anchored by theMazama tephra.We have alsomade preliminary comparisons
with offshore cores and find that the downcore variability in physical properties
match the offshore cores equally well. Given the evidence for earthquake origin for

the offshore cores, and the strong common signal across the lake transect, we suggest
that the density and magnetic susceptibility patterns in the lake transect are most
like of earthquake origin, representing turbidites generated internally within each
lake, and therefore represent the first cross-forearc paleoseismic transect inCascadia.

3-D Investigation of Channel Morphology across the San Andreas Fault Zone
using Structure from Motion and Terrestrial Laser Scanning
KLEBER, E. J., School of Earth and Space Exploration, Arizona State University,
Tempe, AZ, ekleber@asu.edu; ARROWSMITH, J. R., School of Earth and
Space Exploration, Arizona State University, Tempe, AZ, ramon.arrowsmith@
asu.edu; AKCIZ, S. O., Department of Earth and Space Sciences, UCLA, Los
Angeles, CA, sakciz@ess.ucla.edu; SALISBURY, J. B., School of Earth and Space
Exploration, Arizona State University, Tempe, AZ, jbsalisb@asu.edu; GRANT
LUDWIG, L., Program in Public Health, UC Irvine, Irvine, CA, lgrant@uci.
edu; HALFORD, D., Stanford University, Stanford, CA, dhalford@stanford.
edu;DELONG,S.B.,UnitedStatesGeological Survey,MenloPark,CA, sdelong@
usgs.gov;MARLIYANI,G.I.,SchoolofEarthandSpaceExploration,ArizonaState
University, Tempe, AZ, gayatri.marliyani@asu.edu; HENDERSON, W.M., U.
S. Geological Survey, Menlo Park, CA

The Carrizo section of the San Andreas fault (SAF) is an excellent location to
study the interplay between earthquake offset and geomorphic evolution of stream
channels. Fault-parallel trenches that cut across ephemeral surface channels reveal
slices of buried offsets allowing for insights into the 3-D geometry of channel
stratigraphy across a fault zone. In the Carrizo Plain, few researchers have explored
how cut-and-fill sequences may indicate local paleotopography and past weather
events aswell as howchannels respond to earthquakes and evolveduring interseismic
periods. Fault-parallel trenches were excavated on either side of the SAF at Phelan
Creeks (230 m channel offset; ∼3km SE of Wallace Creek) and Sieh31 (5 10 m
channel offset;∼5kmSE ofWallaceCreek). Channelmorphology at both sites was
captured by trench logging, trench photography and balloon aerial photography as
well as terrestrial laser scanning (TLS) of trench walls at Sieh31. All trenches show
stratified alluvial fan units incised with distinct channel cut-and-fill sequences.
The Phelan Creeks channels we excavated were abandoned several ka and show
significant soil and colluvial development. Trench excavations revealed that the
surface and buried channel margins and thalwegs are not stacked. The channel
fill sequences are interpreted to result from the interplay of initial abrupt incision
followed by episodic earthquake offset, channel cut-and-fill, steady biogenic and
pedogenic shallow surface modification, and colluvial facies development. We
present initial findings of the 3-D subsurface channel morphology over the SAF
zone at Phelan Creeks and Sieh31 as indicators for the geomorphic evolution of
cut-and-fill sequences and burial history in theCarrizo Plain. In addition,we discuss
methods and workflow development for TLS and Structure from Motion (SfM)
modeling for a planned progressive 3-D trenching project at Sieh31 which would
accurately map subsurface channel geometry across the SAF.

Is There a Discrepancy Between Geological and Geodetic Slip Rates along
the San Andreas Fault System?
TONG, X., SIO/UCSD, La Jolla, CA, xitong@ucsd.edu; SMITH-KONTER,
B., University of Hawaii, Honolulu, HI, brkonter@hawaii.edu; SANDWELL, D.
T., SIO/UCSD, La Jolla, CA, dsandwell@ucsd.edu

Several previous inversions for slip rate along the SanAndreas Fault System (SAFS),
based on elastic half-space models, show a significant discrepancy between the
geological and geodetic slip rates along a few major fault segments. We use a more
realisticmodel of an elastic plate over a viscoelasticmantle to demonstrate that there
is<b>no</b> significant discrepancy between long-term geologic and geodetic
slip rates. The model includes steady slip along 40 major fault segments from the
base of the locked zone to the base of the elastic plate along with episodic shallow
slip based onknown ruptures.The slip rates are constrained by 1989 velocity vectors
fromEarthScopeGPSandALOSInSARdata. In addition to slip rates, our inversion
solves for the translation and rotation motion, as well as shallow creep along several
creeping faults.

The geodetic slip rates inferred from amodel consisting of a 60 km thick plate
and 1019 Pa s viscosity agree to within the bounds of the geological slip rates, while
the rates from a simpler half-space model disagree on the Mojave and the North
Coast segments. In particular, along the Mojave segment, the recovered geodetic
slip rate is 24.7 mm/yr for the half-space model but the result comes closer to the
preferred geological rate of 34mm/yr using a 60 km thick platemodel (27.5mm/yr)
and a 30 km thin platemodel (34.4mm/yr). The platemodels have generally higher
slip rates than the half-space model because most of the faults along the SAFS are
late in the earthquake cycle, so today they are moving slower than the long-term
cycle-averaged velocity as governed by the viscoelastic relaxation process.

We also explore the dependency of transient deformation on paleoseismology
data (i.e., knownruptures extendingback1000years).We foundthat the assumption
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of the characteristic earthquake model plays a minor role on the inferred slip
rates, but the timing of the major events has a greater influence on slip rate
result.

Near-Field Post-Seismic Deformation of the 1992 Landers Earthquake using
Time-Series Analysis of ERS and Envisat InSAR
BARBA, M., California State Polytechnic University, Pomona, Pomona, CA,
barba@csupomona.edu; PELTZER,G., JetPropulsionLaboratory, Pasadena,CA,
Gilles.Peltzer@jpl.nasa.gov

The 1992 Landers earthquake was the first event imaged by InSAR both over the
coseismic and post-seismic period. The post-seismic displacement field showed (1)
broad scalepatterns interpretedas thecombinedeffectsof fault after-slip, poroelastic
relaxation in the shallow crust, and viscoelastic relaxation in the deeper crust and
upper mantle, (2) localized subsidence and uplift in fault step-overs interpreted as a
poroelastic rebound in the stretched and compressed volume of rock near the fault,
and (3) surface creep along certain sections of the fault. We reanalyze the near-
field using full-resolution Envisat and ERS images. To understand the magnitude
and temporal dependence of the surface deformation, we construct a time series of
surface displacement of the near-field using the small baseline subset approach. We
estimate the characteristic time of specific areas along and within the fault zone and
discriminate between specific mechanical processes based on time-dependence.

Estimation of Coseismic Ground Deformation in the Mexicali Valley, Baja
California, Mexico, during 2006 2009, using Precise Leveling, DInSAR and
Geotechnical Instruments Data
SARYCHIKHINA, O., CICESE, Ensenada, B.C., Mexico, osarytch@cicese.
mx; GLOWACKA, E., CICESE, Ensenada, B.C., Mexico, glowacka@cicese.
mx; MARQUEZ-RAMIREZ, V. H., CICESE/UNAM Centro de Geociencias,
Ensenada, B.C., Mexico/ Juriquilla, Qro., Mexico, vmarquez@cicese.edu.
mx; NAVA PICHARDO, F. A., CICESE, Ensenada, B.C., Mexico, fnava@
cicese.mx

TheMexicaliValley, located innortheasternBajaCalifornia,Mexico, in the southern
part of the San Andreas Fault system, is characterized by high seismicity. Sixteen
earthquakes, in the 4.5- 5.8magnitude range, occurred in theMexicali Valley during
2006 2009, someof themcausingmoderatedestruction, visible surfacedeformation
and faults rupture.Thegoal of this study is to showwhetherusing accessible geodetic
and geotechnical data we are able to identify ground deformation related to these
earthquakes.

The ground deformation in this area is caused not only by earthquakes
and continuous tectonic deformation, but also by human activity; mainly by the
geothermal fluid extraction in the Cerro Prieto Geothermal Field. Distinguishing
deformation caused by human activity from that due to natural processes is essential
for making informed assessments and mitigation of natural and anthropogenic
hazards.

Here we use the results of ground deformation monitoring in the Mexicali
Valley during 2006 to 2009. The precise leveling data span more than 3.5 years and
contain both anthropogenic and natural deformation. Due to its large magnitude,
the anthropogenic deformation component significantly obscures the possible
tectonic signal. Differential Interferometric Synthetic Aperture Radar (DInSAR)
imagery is used to estimate the deformation associated with geothermal fluid
extraction occurred during this period. DInSAR stacking techniques were applied
to SAR images captured in 2007 when there was no significant seismicity in the
study area.

After removing the estimated non-tectonic signal from the leveling data, we
are left with several anomalies. We analyzed continuous tilt and extension data
from the geotechnical instruments network REDECVAM(Mexicali Valley Crustal
Strain Measurement Array), in order to identify time occurrence of deformation
signals andassociateobservedanomalieswithdeformationcausedbymoderate-sized
earthquakes occurred in the area of study.

Reevaluation of the Pyramid Lake Fault Zone Slip Rate: Integrating High-
Resolution Datasets from LiDAR, Drone Photography, and Aerial Photographs
ANGSTER, S. J., Center of Neotectonic Studies, University of Nevada, Reno,
Reno, NV, angster41@gmail.com; HAUNG, W., Center of Neotectonic
Studies,University ofNevada, Reno,Reno,NV,huangweiliang1987@gmail.com;
WESNOUSKY, S. G., Center of Neotectonic Studies, University of Nevada, Reno,
Reno,NV,wesnousky@unr.edu;KENT,G.M.,University ofNevada,Reno,Reno,
NV, gkent@unr.edu

The application of high-resolution surface datasets to active tectonics has increased
our ability to identify subtle tectonic signatures that may have otherwise been
overlooked or remain unidentified, warranting reevaluation of faults where
discrepancies and/or inconsistencies have surfaced. The Pyramid Lake fault zone

(PLFZ) is a well-developed northwest trending right-lateral fault in the northern
Walker Lane, located about 30 km east of Reno, NV. Previous paleoearthquake
and slip rate studies indicate that the fault has produced 3 surface rupturing
paleoarthquakes since 8980+− 260 cal. Yr B.P. and has an average minimum slip
rate of∼2.6mm/yr. Reconciling these two observations, given that they are correct,
requires that coseismic offset must have averaged∼7 to 9meters, larger than would
generally be expected from empirical scaling relationships for a strike-slip fault of its
45 km length. We are currently reevaluating and will measure geomorphic offsets
along the PLFZ using multiple high-resolution surface datasets. Our specific intent
is to reexamine previously identified offsets and search for evidence of repeated
single-event offsets in the geomorphology. The approach being taken first utilizes
scanned 1:10k black andwhite low-sun angle photographs to construct a large-scale
digital elevation model (DEM) of the PLFZ. The DEM is then used to define
areas that holds the most promise to record small geomorphic offsets. Terrestrial
LiDAR and Drone photography are finally used to create high-resolution DEMs
and contour maps of the respective sites.

Preliminary Paleoseismic Trenching Results from the Flat Canyon Site,
Southern Provo Segment, Wasatch Fault Zone: Testing Holocene Fault-
Segmentation at the Provo-Nephi Segment Boundary
BENNETT, S. E. K.,U.S.Geological Survey,Golden,CO, sekbennett@usgs.gov;
DUROSS,C.B.,UtahGeological Survey, Salt LakeCity,UT, christopherduross@
utah.gov; GOLD, R. D., U.S. Geological Survey, Golden, CO, rgold@usgs.
gov; BRIGGS, R. W., U.S. Geological Survey, Golden, CO, rbriggs@usgs.gov;
PERSONIUS, S. F., U.S. Geological Survey, Golden, CO, personius@usgs.gov;
MAHAN, S. A., U.S. Geological Survey, Lakewood, CO, smahan@usgs.gov

Paleoseismic data near fault segment boundaries provide direct information about
fault rupture segmentation. The 350 km-long Wasatch fault zone (WFZ), the
archetype of segmented normal faults, consists of 10 structural segments. Abundant
paleoseismic data support a history of segmented Holocene surface ruptures, but
recent findings document at least one case where an earthquake ruptured across
a WFZ structural segment boundary. The extent and frequency of ruptures that
span segment boundaries remains poorly known, in part because most paleoseismic
studies are sited in segment interiors, adding uncertainty to seismic hazard models
for this heavily populated region of Utah.

To address these unknowns and reduce this uncertainty we have begun a
paleoseismic trenching campaign targeting WFZ structural segment boundaries.
We excavated a trench at Flat Canyon (Salem, UT), near the southern end of the
Provo segment in the complex Provo-Nephi segment boundary, a 5 8 km-wide
right stepover. Alluvial fan deposits at the site are displaced across a 13m-high scarp.
We document a minimum of four and maximum of seven earthquakes within a
17 20 m-wide fault zone, consisting of two graben systems within the scarp. The
lower graben preserves evidence for four earthquakes and∼5 m of vertical throw.
The upper graben preserves evidence for two to three earthquakes with ∼1 m of
total throw. Ongoing optically stimulated luminescence and radiocarbon analyses
will provide earthquake timing constraints and allow us to correlate earthquakes
between the grabens.

Our goal is to determine whether earthquakes at the Flat Canyon site
correspondwith earthquakes at several paleoseismic sites farther north on the Provo
segment and/or with earthquakes at the northernmost sites on the adjacent Nephi
segment to the south. Comparison of these earthquake chronologies will allow us to
test whether Holocene earthquakes have ruptured across the Provo-Nephi segment
boundary.

Revised Earthquake Timing and Displacement Data Indicate Complex Fault-
Rupture Behavior for the Central Wasatch Fault Zone, Utah
DUROSS, C. B.,UtahGeological Survey, SaltLakeCity,UT,christopherduross@
utah.gov; PERSONIUS, S. F., U.S. Geological Survey, Golden, CO, personius@
usgs.gov; CRONE, A. J., U.S. Geological Survey retired, Golden, CO, crone@
usgs.gov; OLIG, S. S., URS Corporation, Oakland, CA, Susan_Olig@URSCorp.
com

The350-km-longWasatchfaultzone(WFZ)formstheprominenteasternboundary
of the actively extending Basin and Range Province of northern Utah and southern
Idaho. The WFZ includes five central fault segments defined by structural and
geometric boundaries (bedrock salient, fault step-overs, and significant along-
strike changes in fault geometry) and distinct Holocene earthquake timing and
displacement histories. Following an analysis of paleoseismic data for the central
WFZ, we present a revised earthquake chronology comprising at least 22 surface-
faultingearthquakesonthecentral segments inthepast6kyr.Ourrevisedearthquake
times define unique earthquake chronologies for each segment, and thus support
the concept of segmentation of theWFZ.However, we also found evidence ofmore
complex fault rupture, including possible partial ruptures of the Salt Lake City
segment anda spill-over rupture across theWeber BrighamCity segmentboundary.
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The revised chronology yields consistentmean recurrence intervals of∼0.9 1.3 kyr
per segment, but we also found aperiodicity in recurrence (a composite coefficient
of variation on the WFZ is ∼0.5) that stems from several longer (∼1.9 2.5-kyr)
inter-earthquake times per segment. A possible explanation for the aperiodicity
is complex stress interaction among segments. Finally, vertical displacements per
earthquake are large (mean of 2.1 m) and yield moment magnitude estimates from
empirical relations that exceed those based on segment length. Although our revised
chronologic and displacement data for the past 6 kyr support the current model
of WFZ segmentation, examples of complex rupture processes (in space and time)
in the paleoseismic record create uncertainties that should be accounted for in
probabilistic seismic hazard analyses of theWasatch Front region.

Evidence for Quaternary Reverse Slip of Rattlesnake Mountain Fault, Yakima
Fold Belt, Eastern Washington
SLACK, C., AMEC E&I, Oakland, CA, christopher.slack@amec.com;
HANSON, K., AMEC E&I, Oakland, CA; COPPERSMITH, R., Coppersmith
Consulting Inc., Walnut Creek, CA, ryan@coppersmithconsulting.com;
UNRUH, J., Lettis Consultants International, Inc., Walnut Creek, CA, unruh@
lettisci.com

Rattlesnake Mountain, which lies within the Yakima Fold Belt of eastern
Washington, is part of a longer structure, the Rattlesnake Mountain Wallula
segment of the Rattlesnake Hills structure (RAW). Since detailed studies of this
regionwere initiated in the late1970s, controversyhas existed regarding the style and
rate of contemporary deformation on this systemof faults. Previousmapping,which
focused on structure and stratigraphy within the Miocene basalt units identified
two steeply-dipping reverse faults along its steep northeastern slope and an anticline
∼1 km outboard of the range front (Reidel, in press). More recently, it has been
postulated that streamsoriginating in the range exhibit right-lateral deflections of up
to250m, suggesting significantQuaternary strike-slipmovement (Blakely et al 2013
in press). Desktop analysis of LiDAR data, field mapping, and dating of pedogenic
carbonateusingU-series analysis, conducted for theHanfordSSHACLevel3PSHA
finds geologic evidence of reverse Quaternary faulting along both the main range
front fault and on a blind fault underlying the outboard anticline. Although some
componentof oblique slip is possible, the lackofdisplaced fanheadsor features, such
as shutter ridges, argueagainst significant strike-slipmovement.Of the threemapped
late Pleistocene alluvial fans and one early tomiddle Pleistocene bajada surface, only
the oldest bajada surface (Qaf 4) is demonstrably offset or deformed across both the
range front fault and anticline. The age ofQaf 4, which is vertically displaced 20 30
m across the fault zone, is estimated to be middle Pleistocene (> 400 ka to 1 Ma)
yielding aQuaternary slip rate of∼ 0.02 0.075mm/yr. A long-term slip rate based
on the structural relief of the SaddleMountains basalt is similar (0.07 0.12mm/yr).
The timing of the most recent event is constrained by the estimated age (12 31 ka)
of the oldest alluvial fan unit (Qaf 2) that clearly is not offset by the fault.

Recently Discovered Northeast-Oriented Transpression Structure in the
Northern NewMadrid Seismic Zone
WOOLERY, E.W., University of Kentucky, Lexington, KY, woolery@uky.edu;
ALMAYAHI, A. Z., University of Basra, Basra, Iraq, azal222@g.uky.edu

High-resolution seismic-reflection profiles acquired 12-km northeast of the New
Madrid seismic zone’s northwest-oriented Reelfoot left-stepover thrust and along
the central axis of the Mississippi embayment imaged steeply dipping faults that
have uplifted and arched post-Paleozoic sediments in a manner consistent with
displacement having a significant dextral strike-slip component. The sub-parallel
fault strandshavebeenlocallycorrelatedbetweenprofiles.Thestructureextendsover
a 1.4 kmdistance and strikesN30◦ E. In an initial attempt to evaluate the structure’s
potential regional scale, the strike was projected northeast 22 km to its intersection
with the nearest existing seismic image. This lower-resolution industry reflection
profile exhibited a 0.75-km-wide structure with similar style and architecture at the
intersection.Thehigh-resolution images indicate thedeformationextends above the
Paleozoic bedrock, affectingCretaceous andEocene sediment, aswell as crossing the
base of theQuaternary. The Paleozoic andCretaceous horizons show asmuch as 75
and 50 meters of relief, respectively, with the middle Eocene and basal Quaternary
disrupted 25 and 15 meters, respectively. Geologic and geophysical logs from an
adjacent borehole constrain the depth, velocity, and stratigraphic interpretations for
the high-resolution data set. The faults, orthogonal to theReelfoot stepover, are also
too far inboard to be part of the rift boundaries; these preliminary data indicate the
structure may be related to an extension of the northeast-oriented southern shear
zone across the stepover.

Rupture Properties of the Mw 7.7 2012 Haida Gwaii Earthquake from an
Empirical Green’s Function Method
HOBBS, T. E., University of Victoria, Victoria, BC, Canada, tiegan.hobbs@
gmail.com; CASSIDY, J. F., Geological Survey of Canada (Pacific), Sidney, BC,

Canada, john.cassidy@nrcan-rncan.gc.ca; DOSSO, S. E., University of Victoria,
Victoria, BC, Canada, sdosso@uvic.ca

This study examines rupture properties of the October 28, 2012, Mw 7.7 Haida
Gwaii earthquake off the coast of British Columbia using an empirical Green’s
function (EGF) technique. Surface waveforms from a 2001 Mw 6.3 event, which
ruptured only 15 km from the 2012 epicenter with an almost identical mechanism,
are used as an EGF to be deconvolved from those of the 2012 mainshock. The
resulting source-time function is free of path effects and instrument response, so the
waveform displays only properties of the rupture itself. By examining azimuthal
variations in these source-time functions we can constrain parameters such as
average rupture velocity, rupture extent, and directivity. Additionally, information
can be gathered about the possible existence ofmajor sub-events and their locations.
Preliminary results indicate that the overall rupture extends to the northwest for
approximately 135 170 km along a direction similar to the strike (∼320◦). These
findings are important, given that earthquakes with strong directivity, such as the
2002 Mw 7.9 Denali earthquake, have been shown to be capable of triggering
earthquakes thousands of kilometers away. One important question to be addressed
iswhether there is a link between theHaidaGwaii event and theMw 7.5 earthquake
at Craig, Alaska (350 km northwest), just two months later.

TheHaidaGwaii earthquakewas the largest event along theCanadianportion
of the Pacific North America plate boundary since the Ms 8.1 Queen Charlotte
earthquake of 1949. Focalmechanisms in this region are predominantly right-lateral
strike-slipbutwith anelementofoblique convergenceoffMoresby Island.Thiswork
aims to elucidate important informationabout the ruptureprocess,which is thought
to have involved a blind thrust fault dipping gently to the NE rather than the main,
sub-vertical Queen Charlotte Fault.
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The 2010 Salta Earthquake. Focal Mechanism, Slip Distribution and
Seismogenic Source from Seismic and Insar Data
GARCIA, V. H., Instituto de Investigación en Paleobiología y Geología, UNRN,
General Roca, Rio Negro, Argentina, vgarcia@unrn.edu.ar; SCOTT, C., Cornell
University, Ithaca, NY, cps242@cornell.edu; SPAGNOTTO, S., Universidad
Nacional de San Luis CONICET, San Luis, Argentina, pampa113@gmail.
com

The Salta earthquake of February 27, 2010 was the firstM6 shallow event recorded
in the Lerma valley (where almost one million people live) since the begining of
the instrumental registration. Both sinistral transcurrent and reverse with sinistral
component focal mechanisms have been proposed (Alvarado et al. 2011; García
et al. 2011). Using the location and the spatial distribution of aftershocks published
by Sanchez Girino (2012), we re-calculate the focal mechanism and estimate the
size of the rupture, respectively. The tensor obtained by teleseismic body-wave
inversion (Kikuchi and Kanamori 2003) is mainly compresive with a small sinistral
component and the solution planes are P1:335/63/86 and P2:164/27/99 at a
depth of 14 km. Given the P1 solution and a rupture lenght of 21 km along the
strike, we model the slip distribution following the method of Hartzell andHeaton
(1983). The distribution shows the higher slip values concentrated at 10 km depth
and 15 km to the WNW from the hipocenter. The best-fit tensor obtained from
InSAR data (Scott et al. 2012) is very similar to the described above. We jointly
inverted six interferograms for the slip distribution fixing strike, dip and rake to
the values from the P1 solution. The obtained location of the slip centroid is
−24.8526,−65.7656 at a depth of 9.6 km. The geometry of the P1 solution and
the location of the slip centroid allow us to propose the El Gólgota fault as the
seismogenic source for the 2010 Salta earthquake. This structure is a west-verging
80 km-long reverse fault that thrusts Proterozoic-Early Cambrian basement rocks
over Cretaceous and Cenozoic sediments. The Quaternary activity of this fault has
been previously reported by Marrett et al. (1994). Recent studies (García et al.
2013) have reported LateQuaternary deformation in the Lerma valley, showing the
relevance of neotectonic and paleoseismological studies to asses the seismic hazard
in this region.

Factors Contributing toMulti-Segment Rupture in the 2010M7.1 Darfield, New
Zealand, Earthquake
AAGAARD, B. T., USGeological Survey, Menlo Park, CA, baagaard@usgs.gov;
WILLIAMS,C.A.,GNSScience,LowerHutt,NZL,C.Williams@gns.cri.nz; FRY,
B., GNS Science, Lower Hutt, NZL, B.Fry@gns.cri.nz

We use dynamic prescribed slip (kinematic) and spontaneous rupture modeling
to examine the factors contributing to multi-segment rupture in the 2010
M7.1 Darfield, New Zealand, earthquake. We consider fault geometry and slip
distributions from inversions byBeavan et al. (2012) based on geodetic observations
andElliott et al. (2012) based on geodetic and teleseismic observations.We find that
dynamic stress changes, as well as the the orientation of the faults with respect to the
regional stress field and the compressional strain regime, create favorable conditions
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for triggering of the main rupture on the Greendale fault from rupture initiating
on the Charing Cross fault. The Charing Cross fault is a small reverse fault that is
compatible with both regional first-motion focal mechanisms as well as inversion
of regional data for an initial moment tensor solution. The relative orientation
of the regional stress field and the faulting regime may have also contributed to
triggering rupture on a few other small faults on which the finite-fault inversions
imageminor slip. Owing to their complexity, recordedwaveforms provide relatively
poor constraints on whether coseismic slip and dynamic triggering occurred on
some of the faults with much less slip. Current work focuses on evaluating how
well the UCERF3 (USGS Open File Report 2013 1165) criteria for forecasting
multi-segment ruptures inCalifornia apply to this complex rupture inNewZealand.

Paleoseismic Investigations of the Kango fault, South Africa: Incorporating
Temporal and Spatial Clustering Behavior into a Seismic Source
Characterization Model
HANSON, K., AMEC E&I, Oakland, CA, kathryn.hanson@amec.com;
SLACK, C., AMEC E&I, Oakland, CA, christopher.slack@amec.com;
COPPERSMITH, R., Coppersmith Consulting, Inc., Walnut Creek, CA, ryan@
coppersmithconsulting.com; NEVELING, J., Council for Geoscience, Pretoria,
South Africa, jneveling@geoscience.org.za; GLASER, L., Glaser Research
Group,SanJose,CA, laura@glaserresearchgroup.com;BIERMAN,P.,University
of Vermont, Burlington, VI, pbierman@uvm.edu; FORMAN, S., University of
Illinois at Chicago, Chicago, IL, slf@uic.edu; GOEDHART,M., KAINOS South
Africa, Port Elizabeth, South Africa, mgoedhart@kainossa.co.za; JOHNSON,
C., AMEC E&I, Oakland, CA, courtney.johnson@amec.com; BLACK, D.,
Council for Geosciences, Port Elizabeth, South Africa, dblack@geoscience.
org.za

The Kango fault (a Mesozoic basin-bounding fault) lies in a seismically quiescent
region within the EasternCape Province of SouthAfrica, but has evidence for three
latest Pleistocene to Holocene surface-faulting events preceded by a long period
of several tens of thousands of years of no activity behavior typical of other
stable continental region (SCR) faults. The 92 101 km long eastern segment of
the Kango fault appears to be unique among the faults within the Ceres-Kango-
Baviaanskloof-Coega fault system in that it shows evidence of repeated normal-slip
surface-rupturing events in the Quaternary. The occurrence of these events two
events in the past 10 15 kyr along the western part of the approximately 100
km long reactivated portion of the fault, and at least one event between 22.6 ka
and 25.4 ka along the eastern part of the reactivated part of the fault indicates
that the Kango fault may be within a period of higher activity. Low cumulative
Quaternary displacements (10 33m) and low long-term average slip rates are based
onmeasured offsets of high pediment surfaces and a buried erosional strath surfaces
that record long-term (350 kyr to 3Myr) deformation rates on the reactivated part
of theKango fault. Paleoseismic trenching, geochronology investigations usingboth
cosmogenic nuclide (10Be/26Al) and OSL dating methods, geomorphic mapping
and analysis, drilling, and geophysical studies provide information on the size and
timing ofQuaternary faulting events. The results of these studies were incorporated
into a seismic source model that accounts for temporal and spatial clustering in the
assessment of the recurrence behaviour of the reactivated Kango fault and adjacent
faults within the Ceres-Kango-Baviaanskloof-Coega fault system.

Comprehensive Study on Holocene Paleoearthquakes in Daqingshan
Piedmont Fault, Inner Mongolia of China
HE, Z. T., Institute of Crustal Dynamics, CEA, Beijing, China,
hezhongtai@126.com; MA, B. Q., Institute of Crustal Dynamics, CEA,
Beijing, China; HOU, J. J., School of Earth and Space Sciences, Peking University,
Beijing, China, houjj@pku.edu.cn

Daqingshan piedmont fault is a normal dip-slip fault. It spreads along south
piedmont of Daqingshan in Inner Mongolia of China. This fault happened many
frequent great paleoearthquakes inHolocene. Paleoseismic events of this fault since
Holocene were revealed through digging and trench techniques. This paper studies
Holocene paleosols on the paleo-alluvial-pluvial fans of hanging wall and gullies
geomorphology of footwall which record the fault activity history.

On the hanging wall we study alluvial fans’ sections containing the ancient
soil layers at intervals. The results show that Daqingshan piedmont alluvial fans in
Holocene develop 3 periods ancient soil layers. We assume that in the same period
of soil development, the development of paleosol formation was interrupted and
formed in similar time multiple interbeds of paleosol and gravel layers, which are
caused by the fault activities. That is, the gravel layer between two adjacent paleosol
layers represents anancient earthquake event.Thuswecandatepaleosol layerswhich
are up and down the gravel layer to define paleoseismic events.

On the footwall we extract gullies fromhigh resolution IRS-P5DEMdata. 25
gullies across the fault on the footwall have been extracted fromDEM.Knickpoints
caused by fault activities in Holocene have been extracted from profiles of gullies
for further step. Combining with the retreat distances and the retreat rates of

knickpoints on the gullies, we get forming time of each rank knickpoints on the the
fault. Thus, paleo-earthquake series in Holocene of the fault have been obtained.

We get Holocene paleoearthquakes records from both walls of the faults.
Then we contrastively analyse the results with trenches results together. The result
demonstrates that paleosols ages on the Paleo-alluvial-pluvial fans and knick points
sequence on the footwall have very close correspondence relationswith paleoseismic
events along the Daqingshan piedmont fault.

Faulting Constraints and Incision Rates in the Krsko Basin and Upper Sava
River, Eastern Slovenia
CLINE, M. L., Paul C. Rizzo Associates, Inc., Albuquerque, NM,mlogan.cline@
rizzoassoc.com; CLINE, K. M., Paul C. Rizzo Associates, Inc., Albuquerque,
NM, michael.cline@rizzoassoc.com; BAVEC, M., Geoloski Zavod Slovenije,
Ljubljana, Slovenia, milos.bavec@geo-zs.si; RIZNAR, I., Geoloski Zavod
Slovenije, Ljubljana, Slovenia, igor.riznar@telemach.net; POLJAK,M., Geoloski
Zavod Slovenije, Ljubljana, Slovenia, marijan.poljak@geo-zs.si; LOWICK, S.,
University of Bern OSL Laboratory, Bern, Switzerland

Quaternary Incision rates have been constrained for the upper Sava River (roughly
100 km from the Alps) using cosmogenic radionuclide (CRN) burial 26Al/10Be
dating, as well as quartz and feldspar optically stimulated luminescence (OSL).
These new data have helped to constrain the ages of not only incision rates, but
also tectonic features and processes in southeastern Slovenia, an area located within
the transition zone between the Sava Folds and the southeastern extension of the
Mid-Hungarian Zone and an area of low to moderate tectonic activity. Within
the region, the geomorphic expressions of Quaternary tectonics and mass wasting
processes are subtle due to heavy vegetation, anthropogenic activity, and reasonably
high rates of erosion. Nevertheless, new topographic data from light detection and
ranging (LiDAR) DEMs have allowed us to recognize and differentiate complex
surface process the coupling between tectonic and mass wasting processes that
were previously identified as purely tectonic landforms.

The new CRN and OSL-derived geochronology has confirmed prior age
estimates that were based on stratigraphic positions and limited geochronology.
This confirmation is not surprising, although it is critical because recent conjecture
has implied the region is far more tectonically active than previously believed. The
geochronology from this study suggests that the region has been undergoing lower
tectonic deformation rates than originally postulated. The LiDAR data have also
shed light on the mass-wasting surface processes that have influenced the tectonic
interpretation of the landscape. These data contribute to providing constraints on
the ages of theQuaternary stratigraphy, ultimately providing constraints on regional
deformation patterns. This has important implications for seismic hazard analyses
for critical facilities and provides important insights as to the process-dominance
between regional tectonics and climate as major agents of landscape change.

Seismic Location and Processing Techniques
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A Linear Formulation for Earthquake Location in a Homogeneous Half-Space
Based on the Bancroft Algorithm Developed for GPS Location
GOMEZ, D. D., Center for Earthquake Research and Information,Memphis, TN,
ddgomez@memphis.edu; LANGSTON, C. A., Center for Earthquake Research
and Information,Memphis, TN, clangstn@memphis.edu; SMALLEY, R., Center
for Earthquake Research and Information, Memphis, TN, rsmalley@memphis.
edu

The traditional approach to both earthquake and GPS location problems in a
homogeneous half-space result in a seemingly nonlinear relationship between a
set of known positions, seismic stations or GPS satellites, and an unknown point,
an earthquake hypocenter or GPS receiver. Linearization, followed by an iterative
inversion, is typically used to solve both problems. Although sources and receivers
are inverted in the earthquake andGPS locationproblems, the observation equation
is the same for both due to the principle of reciprocity. Consequently, single step
linear solutions for the GPS location problem, such as the Bancroft algorithm, can
also be used to solve for earthquake hypocenters. We apply the Bancroft algorithm
to synthetic data for the New Madrid seismic network, showing improvements in
both precision and accuracy compared to traditional methods. We also show how
tools commonly used by the GPS community can be used to better estimate the
precision of locations obtained by a seismic network.

Low-Frequency-Earthquake Locations Determined using Time-Reverse-
Imaging
HORSTMANN, T., Geophysical Institute, Karlsruhe Institute of Technology,
Karlsruhe, Germany, tobias.horstmann@kit.edu; HARRINGTON, R. M.,
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Earth & Planetary Sciences Dept., McGill University, Montreal, QC, Canada,
rebecca.harrington@mcgill.ca; COCHRAN, E. S., U. S. Geological Survey,
Pasadena, Pasadena, CA, ecochran@usgs.gov; SHELLY, D. R., U. S. Geological
Survey, Menlo Park, Menlo Park, CA, dshelly@usgs.gov

The low-frequency-earthquakes (LFEs) associated with non-volcanic tremor
typically exhibit non-impulsive phase arrivals that inhibit the use of standard ray-
tracing locationmethods. Here we use time-reverse-imaging techniques that do not
require phase arrival identification to locate individual LFEswithin tremor episodes
on the San Andreas fault near Cholame, California.

Wepropagate a time reversed seismic signal back through the subsurface using
a staggered-grid finite-difference code. We then search for wave field coherence in
time and space (e.g. LFE energy in 1.5 second time windows filtered between 1 5
Hz) toobtain the source locationandorigin timewhere theconstructive interference
of the curl field energy is maximum. The grid point and time window occupying
the spatial median of cross-correlation values within 10% of the maximum value
indicate the source location and origin time.

Location errors are based on the spatial extent of all cross-correlation
coefficient values exceeding 90% of the maximum value. Horizontal and vertical
errors are on the order of 4 km and 3 km respectively. We check the locations
determined here with an LFE catalog determined by stacking hundreds of LFEs
[Shelly and Hardebeck, 2010]. The LFE catalog uses stacks of at least several
hundred templates to identify phase arrivals to estimate the location. We find that
the epicentral locations determined here using the time-reverse-imaging technique
are within∼4 km of the catalog LFE locations [Shelly andHardebeck, 2010]. LFEs
locate at depths between 15 25 km, similar focal depths to previously published
locations of LFEs or tremor in the region. Overall, the method can provide robust
locations of individual LFEs without identifying and stacking hundreds of LFE
templates, and is more accurate than envelope location methods with errors on the
orderof tensof km[Horstmannet al., 2013].Location errorsmaybe further reduced
with increased velocity model resolution.

Preconditioning Seismic Data using the Hilbert Huang Transform Prior to
Gradiometric Analysis
JOHNSON, C. E., Georgia Regents University, Augusta, GA, cjohn102@gru.
edu; POPPELIERS, C. J., Georgia Regents University, Augusta, GA, cpoppeli@
gru.edu

A recorded seismic signal is typically a superposition of several disparate wavefields.
This poses a challenge for any seismic array data analysis method that assumes
only a single wavefield is recorded by an array at any given time. For example,
the new method of seismic gradiometry is extremely sensitive to the violations of
the single wavefield assumption. As a result, gradiometry returns unreliable results
when applied to a signal that contains several superposed wavefields. In such a case,
preconditioning the data using some form of wavefield separation method prior to
gradiometric analysis can be helpful if the data contains wavefields with distinct
time or frequency components.

However, most methods assume that the signal is stationary and linear. Given
that seismic signals are neither stationary nor linear, it may be more helpful to
employ a wavefield separation method that does not assume either. The Hilbert-
Huang Transform (HHT) is an algorithm designed to decompose a signal which
can contain nonstationary and nonlinear components. In this work, we explore
the feasibility of applying the HHT to decompose the signal prior to gradiometric
analysis.

Accurate Depth Determination of Earthquakes along the Kuril Islands Outer
Rise from Waveform Modeling
MEJIA, H., California State Polytechnic University Pomona, Pomona, CA,
hjpotter@csupomona.edu; POLET, J., California State Polytechnic University
Pomona, Pomona, CA; THIO, H. K., URS Corporation, Los Angeles, CA;
PITARKA, A., Lawrence Livermore National Laboratory, Livermore, CA

We will present our results of waveform modeling of teleseismic P-waves, based on
an application of a 3D finite difference method, for the purpose of determining
improved locations of earthquakes located in the outer rise area near the Kuril
Islands. A series of large outer rise events occurred in the region of the Kuril
Islandsbetween2006 2009.Thedepthand timingof theseouter rise compressional
and tensional earthquakes may provide important insight into the coupling of the
subduction zone. Prior to a large interface event, tensional earthquakes generally
occur at shallower depths, while compressional events occur at greater depths.
Tensional events can also occur after an interface event at greater depths; whereas
compressional events typically become non-existent after large interface events,
reflecting the change in stress in the outer rise area. However, the hypocentral
depths of outer rise earthquakes are usually poorly constrained, and often held fixed
at10 15kmdepth in centroidmoment tensor inversions.Outer rise events also tend
toproducecomplexwaveformswith largeazimuthalvariationduetothecomplicated

velocity structure close to the trenchand the interactionof thedepthphaseswith this
structure, the oceanbottomandwater layer.Thenumerous earthquakes in this outer
rise sequence, located in close proximity of each other, but diverse in terms of source
mechanism, depth and horizontal location relative to the trench, offer a unique
opportunity in the study of the importance of the incorporation of 3D subduction
zone structure on depth phases.Wewill show the results of a comparison of 1-D and
3-D synthetics with teleseismic P-wave data for tens of tensional and compressional
earthquakes.

Looking for Non Volcanic Tremor in Mexicali Valley, Baja California, Mexico
MÁRQUEZ RAMÍREZ, V. H., CICESE/ UNAM Geociencias, Ensenada,
BC, Mexico/ Juriquilla, Mexico, vmarquez@cicese.edu.mx; GLOWACKA, E.,
CICESE, Ensenada, BC, Mexico, glowacka@cicese.mx; VIDAL-VILLEGAS, J.
A., CICESE, Ensenada, BC, Mexico, vidalv@cicese.mx; WONG, V., CICESE,
Ensenada, BC, Mexico, vwong@cicese.mx; DÍAZ DE COSSÍO BATANI, G.,
CICESE, Ensenada, BC, Mexico, gbatani@cicese.mx; RAMIREZ RAMOS,
E., CICESE, Ensenada, BC, Mexico, erik_ramirez_1@hotmail.com; ARREGUI
OJEDA, S. M., CICESE, Ensenada, BC, Mexico, sergio.arregui@gmail.com;
GARCIA ARTHUR, M. A., CICESE, Ensenada, BC, Mexico, marthur@cicese.
mx; FARFAN, F.J., CICESE, Ensenada, Mexico, fjfarfan@cicese.mx

ThepresenceofNonVolcanicTremors (NVT)was identified for the first time in the
Japan subduction zones in 2002 (Obara, 2002). Because of its close associationwith
geodetically observed slow-slip events and low frequency earthquakes in subduction
zones, it was named Episodic Tremor and Slip (ETS). Nadeau and Dolenc (2005)
detected tremor in Central California under the San Andreas Fault near Parkfield.

NVT triggered by surface waves has been observedmany times in subduction
zones (Beroza and Ide, 2011). NVT has also been observed in the San Andreas and
San Jacinto faults triggered by the 2002Denali earthquake, and in Taiwan triggered
by the 2001 Kunlun earthquake (Peng et al., 2008, Peng and Chao, 2008, Chao
et al., 2012).

A seismic sequence and deformation were triggered by the Hector Mine,
M 7.1, 1999, earthquake (HME), and signals similar to NVT were observed at a
broadband instrument installed inMexicali Valley, BajaCalifornia,Mexico, 250 km
from the epicenter (Glowacka et al., 2002).

A continuous seismic signalwas recorded inMexicaliValley in one instrument
only and only during a few months in1999, and 2002 2005. We analyzed tremor-
like signals triggered by the HME and Denali (M=7.2, 2002) earthquakes using
the Kao (Kao et al., 2007) and Husker methods, (Husker et al., 2010). Signal
characteristics obtained from the analysis are similar to NVT as noticed by Kao,
but the fact that the analysis was made only for one instrument does not allow to
conclude that what was recorded was in fact tremor, and where the source of the
tremor is.

Also the presence of noise related to the fluid extraction and injection in the
Cerro Prieto geothermal field and very noisy agricultural activity inMexicali Valley
do not help to identify seismic signals.

A more dense seismic network is necessary in order to carry out complete
seismic studies in the tectonic and anthropogenic conditions of Mexicali Valley.

Scaling Rotational Motion and its Induces Effects
CHIU, H. C., Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan, chiu@
earth.sinica.edu.tw

A strong-motion accelerograph is designed mainly for measuring three-component
translational accelerations.However, accelerometer can alsodetect rotationmotions
and related effects such as the centrifugal acceleration, gravity (ground tilt) effect
and effects of rotation frame. Analyses of six-component ground motions (three-
component translational motions and three-component rotational motions) can
recover the translation motion and extract the rotational effects. Unlike the
translationalmotion, thepeakvaluesof rotationmotionand its effects are controlled
by PGA rather than by the size and distance of earthquakes. We analyze a set of
collocated andwell recorded rotation rate-strongmotionvelocity data.Results show
that the peak values of rotational effects vs. PGA are shown to be in quadratic form
on a log-log scale which implies that these effects grow up very quickly in large
ground motions. This relationship also implies that the rotational motions might
have large variation at large translational motions. Both these features seem to fit
the observations of near-field and extreme large ground motions.

Depths of Indian Ocean Intraplate Earthquakes From Waveform Modeling
BACA, A. J., California State University Polytechnic of Pomona, Pomona, CA,
austinbaca1992@gmail.com; POLET, J., California State University Polytechnic
of Pomona, Pomona, CA, jpolet@csupomona.edu

The Indian Ocean is a region of complex tectonics and anomalous seismicity. The
great magnitude 8+ strike-slip events that took place in the Indian Ocean on April
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11th, 2012 are unique because their rupture extended to a depth within the plate
where seismic activity was considered to be impossible. The oceanic lithosphere in
this region possesses many bathymetric features, most notably the multiple inactive
fracture zones within the Wharton Basin, and the Ninetyeast Ridge. Studies have
described the high seismic activity within the oceanic lithosphere in this area as
delineating a diffuse deformation region where the Indian sub-plate is separating
from the Australian sub-plate. Other studies have found that the aforementioned
fracture zones have been reactivated due to the current stress regime.

We will present the results of our investigation of the focal depth of dozens
of intraplate earthquakes that have occurred throughout the Indian Ocean in the
past three decades. For these events, globalmoment tensor inversions are commonly
carried out with fixed hypocentral depths, and a more detailed examination of the
waveforms is required to determine accurate depths. A majority of the earthquakes
we selected are betweenM5.5 6.5 with large tension axis plunge, chosen to provide
optimal teleseismic P-waves for waveform analysis. 1D synthetic seismograms are
computed for a range of depths based on existing lithospheric velocity models.
Through a comparison of these synthetic waveforms with the recorded data we
determine improved earthquake hypocentral depths

Examination of the Storfjorden Aftershock Sequence
JUNEK, W. N., Air Force Technical Applications Center, Patrick Air Force
Base, FL, william.junek@us.af.mil; KVAERNA, T., NORSAR, Kjeller, Norway;
PIRLI, M., NORSAR, Kjeller, Norway; SCHWEITZER, J., NORSAR, Kjeller,
Norway; HARRIS, D. B., Deschutes Signal Processing, Maupin, OR; DODGE,
D. A., Lawrence Livermore National Laboratory, Livermore, CA; WOODS,
M. T., Air Force Technical Applications Center, Patrick Air Force Base, FL;
VANDEMARK, T. F., Air Force Technical Applications Center, Patrick Air Force
Base, FL, thomas.vandemark.1@us.af.mil

The Storfjorden aftershock sequence was triggered by a MW 6.2 earthquake that
occurred off the Spitsbergen’s southeastern coast on February 21, 2008. Since
its initiation, the sequence has generated thousands of aftershocks; several have
exceeded MW 4.0. Recent seismotectonic investigations have suggested the source
of the sequence is not related to the nearby Billefjorden fault zone. Instead, its
source is most likely tied to aNE-SW trending Tertiary shear zone. This conclusion
is supported by the orientation of the relative relocations and the orientations of
focal mechanisms for numerous sequence events [Pirli et al., 2013; Junek et al.,
2014]. The results shown in previous studies [Pirli et al., 2013; Junek et al.,
2014] were largely based on the analysis of manually reviewed events. However,
the number of events in the NORSAR analyst reviewed bulletin represents a
small fraction of the total number of events produced by the sequence. Here,
an autonomous event detection and clustering framework is used to expand the
available dataset.The expandeddataset is used to infer additional information about
the tectonic structurewithin the fjord and to examine the sequence’s spatiotemporal
properties. The relative relocation catalog orientation andmixture of strike-slip and
normal focal mechanism suggests the fault has a SW-NE trending en echelon
structure.

Estimation of Rocking and Torsion Associatedwith Rayleigh and LoveWaves,
respectively, Identified on Recorded Motions
MEZA-FAJARDO, K. C., Universidad Nacional Autonoma de Honduras,
Tegucigalpa, Honduras; PAPAGEORGIOU, A. S., University of Patras, Patras,
Greece

We have proposed a new technique for the identification and extraction of Rayleigh
and Love waves on earthquake motion traces. The above technique is based on
the use of the Stockwell Transform (S-Transform) which provides the tool for the
time-frequency (TF)analysis ofnon-stationary (and inparticulardispersive) signals.

Making use of the capability of identifying and extracting the surface waves of
a seismic signal,we canproceed to estimate the angulardisplacement (rotation about
the horizontal axis normal to the direction of propagation of the wave; rocking)
associated with Rayleigh waves and the angular displacement (rotation about the
vertical axis; torsion) associated with Love waves.

If the wave (e.g. Rayleigh) were a simple harmonic wave, rocking would
be proportional to the vertical velocity (harmonic) component and inversely
proportional to the phase velocity corresponding to the particular frequency of the
harmonic wave (as originally suggested by Newmark). Evidently, a reliable estimate
of the phase velocity (as a function of frequency) is necessary. As pointed out by
Stockwell, because of its absolutely referenced phase information, the S-Transform
can be employed in a cross spectrum analysis in a local manner. Following this
suggestion an estimate of the phase velocity may be obtained from two nearby
stations. Synthesis of the abovementioned harmonic components can provide a
reliable estimate of the rocking motion induced by an (extracted) Rayleigh wave.
An analogous argument can be proposed to estimate the torsion induced by a Love
wave.

We apply the above approach to estimate the rotational strains for various
cases of well recorded data of basin-induced surface waves (including the case of the
Western Coastal Plain, Taiwan).

A Pure-Python Phase Picker and Event Associator
CHEN, C., University of Oklahoma, Norman, OK, c.chen@ou.edu;
HOLLAND, A. A., Oklahoma Geological Survey, Univ. of Oklahoma, Norman,
OK, austin.holland@ou.edu

We developed a robust method for automatic phase arrival and event association
applicable to real-timemonitoring or archived data processing. This system consists
of two main components FBpicker and Associator. These two modules could work
separately or jointly depending on users’ requirements, providing users flexibility to
process data in term of their own priorities. Our system uses the statistical concept
of characteristic function from Lomax et al. (2012) and in Python. The algorithm
takes advantage of existing seismological and scientific Python libraries such as
ObsPy (Beyreuther et al., 2010). The system is designed to work on a variety of
instrumentation automatically adapting to different sampling rates and instrument
gains. The time series signals are octave filtered for each band. We take band-pass
filtered energy as characteristic function to detect changes of energy at phase onset.
By simply taking the maximum statistics of all bands of each sample, we summarize
the statistics. We trigger potential picks with a dynamic threshold based on the
summary statistics. This has the advantage that the picker does not have channel
specific configurationswhen processing data from awide variety of instrumentation
with different response characteristics. The algorithm also contains a method to
determine the first motion direction associated with a pick. As with any automatic
phase identification system false picks can and do occur. A few simple algorithms
are implemented to avoid false-picks, and are highly configurable. These algorithms
remove picks that occur very close in time and picks for which a phase has a
smaller signal immediately after the pick than preceding the pick. The algorithm
also uses techniques within Numpy to improve computation efficiency. Moreover,
we implemented an Associator to associate the picks from FBpicker to events and
assign phases.

Revised Geometry of Nodal-Plane Uncertainty Volume Used in the Seismo-
Lineament Analysis Method to Locate Seismogenic Faults
CRONIN, V. S., Baylor University, Waco, Texas, Vince_Cronin@baylor.edu;
CRONIN, K. E., University of Notre Dame, Notre Dame, IN, kcronin3@nd.
edu

At the core of the seismo-lineament analysis method (SLAM; Cronin et al., 2008,
Env & Eng Geol 14(3), 199 219) is a procedure for defining the intersection
between the ground surface and the uncertainty volume associated with each nodal
plane derived from an earthquake focal mechanism solution. This intersection is
called a seismo-lineament. Given a sufficiently accurate focal mechanism for a well-
located earthquake on a fault that is emergent and approximately planar, the ground-
surface trace of the fault that generated the earthquake is likely to be located within
the seismo-lineament swath. We have developed the solution for the quantitative
description of the nodal-plane uncertainty volume given the uncertainty in nodal
plane orientation and the triaxial uncertainty ellipsoid around the hypocenter.

In an emergency response context after amajor earthquake, the revised SLAM
procedurecanhelp identifywhereground-surface rupturemighthaveoccurred.This
procedure is also useful for spatially correlating historic earthquakes with the faults
that produced them, and as a reconnaissance tool in the search for seismogenic faults
that might not have been recognized in areas where fieldwork is difficult because
of logistics, vegetation, water/snow/ice cover, high relief, or access restrictions. The
shape of the seismo-lineament defined by the revised SLAM procedure resembles a
bow tie, with a relatively narrow area near the epicenter broadening away from the
epicenter along nodal-plane strike. The SLAMprocedure has been implemented in
code written inMathematica that defines the boundaries of a seismo-lineament on
aDEM-based hillshade basemap. Amanual method is under development that uses
a spreadsheet or calculator and a conventional topographic map of the epicentral
area.

PredictingPandSWaveBodyWaveTravel Timesat Regional andTeleseismic
Distances
SIMMONS, N. A., Lawrence Livermore National Lab, Livermore, CA,
simmons27@llnl.gov; MYERS, S. C., Lawrence Livermore National Lab,
Livermore, CA; JOHANNESSON, G., Lawrence Livermore National Lab,
Livermore, CA; MATZEL, E., Lawrence Livermore National Lab, Livermore, CA

We recently constructed a global-scale P-wave model (LLNL-G3D version
3, Simmons et al. 2012, JGR) designed to predict travel times for the first arriving
P-wave energy at regional and teleseismic distances (Pn and P phases). The model
is complex with undulating structures explicitly represented including 7 crustal
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units, the Moho, and the upper mantle phase transitions. The explicit aspherical
representation of the Earth is required to perform true 3-D ray tracing, which
was employed to construct the model. Our tests have demonstrated a significant
improvement in event location accuracy using P and Pn travel times predicted
from the LLNL-G3D model. There is a need to predict additional seismic phases
using a single model so that the travel times are self-consistent. Therefore, we have
developed full 3-D ray tracing procedures for additional seismic phases (pP, PcP,
PKPbranches, PP, Pb, PmP, Pg, andnumerous S-wave phases).Wehave constructed
the next version of the LLNL-G3D model which is a simultaneous inversion of P
andSwave heterogeneity linked together through relative heterogeneity ratios. This
work performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract DE-AC52-07NA27344.

Tracking FluidMovement in Volcanic Systems
Poster Session · Friday · 2May ·Cook/Arteaga

Calibration of the Seismic Network at the Hawaiian Volcano Observatory:
Improvements to Locations and Magnitudes
THELEN,W. A., Hawaiian Volcano Observatory, Hawaii National Park, HI,
wthelen@usgs.gov; CARMICHAEL, J. D., Los Alamos National Laboratory,
Los Alamos, NM, joshuac@lanl.gov; MURRAY, K., NewMexico Tech, Socorro,
NM, kylemurray2@gmail.com

Using monies from the American Recovery and Reinvestment Act (ARRA), the
seismic network at the Hawaiian Volcano Observatory (HVO) was fully upgraded
to digital telemetry, with many instrumental upgrades and several new stations
installed. The increase in dynamic range of the network and additional stations
requires a recalculation of the station delays and magnitude corrections to enable
improved location andmagnitude solutions.We take this opportunity to subdivide
Hawaii into subregions and assign new velocity models to these regions based on
published studies. These velocity models also use a fixed datum (sea level). With
Mauna Loa and Mauna Kea reaching over 4 km above sea level it is important to
have a fixed datum from which to calculate earthquake depths and construct more
physically realisticmodels ofmagma transport.The resulting locationswithupdated
velocity models and delays have improved RMSmisfits.

The network upgrades also requires an update to the existing calibration and
station corrections of local magnitudes (ML) and duration magnitude (Md). An
updated calibration and correction for the network will allow a more consistent
measure ofmagnitude, particularly at small magnitudes where volcanic earthquakes
are most numerous. The calibration of local magnitude follows the procedure of
Bakun and Joyner (1984). The duration magnitude is tied to the local magnitude
and station corrections are calculated accordingly.

More accurate estimates of both location andmagnitude afforded by updated
location and magnitude corrections will assist in more accurate future assessments
of volcanic hazard.

Mapping Magma Pathways with Tremor at Kilauea Volcano
WECH, A. G., U.S. Geological Survey, Anchorage, AK, awech@usgs.gov;
THELEN, W., U.S. Geological Survey, Hawai’i National Park, HI, wthelen@
usgs.gov

Three distinct tremor source regions have been identified at Kilauea volcano. At
depth, intermittent tremor and earthquakes occur in the Southwest Rift Zone
(SRZ) approximately 40 km below and 40 km SW of the summit. In the East
Rift Zone, tremor is recorded near PuúÓó, a vent that has been active since
1983. At the summit, nearly continuous tremor is recorded close to a persistently
degassing lava lake. Local seismicity correlates with spattering at the lake surface, but
summit tremor also occurs in the absence of spattering andwas observed prior to the
appearanceof the lava lake in2008inassociationwith inflation/deflationevents.The
continuous and emergent nature of tremor precludes the use of traditional seismic
methods for routinely detecting and locating such seismicity, but tracking these
signals is fundamental for elucidating magma transport dynamics. We implement
an automated envelope cross-correlation method [Wech and Creager, 2008] to
both detect and localize seismic tremor in the three regions by maximizing signal
coherency among seismic stations in every 5-minute window. This approach has
relatively poor depth constraints due to the construction of the envelope function;
nevertheless, the epicenters distinguish activity among the different source regions
and serve as starting points for more sophisticated location techniques. We apply
thismethod in real time, buildingon a tremor catalogbeginning January 1, 2013 that
quantifies tremor rates and maps out each source area. Preliminary results identify
a zone of tremor activity between the 40-km deep SRZ and the summit, suggesting
magma source continuity from depth to the caldera. Regional tremor rates are not
correlated, but extending the analysis to past data may reveal temporal relationships

among the sources. With this systematic and real-time approach, we map magma
geometry and quantify background behavior for each source to better understand,
monitor and forecast Kilauea activity.

Seismic Structure of the Tonga Arc and Lau Backarc Spreading Center from
Local and Teleseismic Body Wave Tomography
ADAMS, A. N., Washington University in St. Louis, St. Louis, MO, aadams@
seismo.wustl.edu;WIENS,D.,WashingtonUniversity in St. Louis, St. Louis,MO,
doug@wustl.edu; BLACKMAN, D., Scripps Institution of Oceanography, La
Jolla,CA,dblackman@ucsd.edu;WEBB, S., Lamont-Doherty EarthObservatory,
Palisades, NY, scw@ldeo.columbia.edu; DUNN, R., University of Hawai’i,
Honolulu, HI, dunnr@hawaii.edu; CONDER, J., Southern Illinois University,
Carbondale, IL, conder@geo.siu.edu; ZHAO, D., Tohoku University, Sendai,
Japan, zhao@aob.gp.tohoku.ac.jp

TheLauBackarc SpreadingCenter andTongaArcprovide an excellent environment
in which to apply mantle seismic imaging to the study the dynamics of
magma production and migration. The Central Lau Spreading Center, Eastern
Lau Spreading Center, and the Valu Fa Spreading Center show very different
characteristics as a functionof theirdistance to thearc and slab,whichdecreases from
north to south. Geochemical studies also indicate a systematic change in magma
composition along strikeof theLauBack-ArcSpreadingCenterwithmorewater and
fluid-mobile elements in the south. From 2009 2010, 16 broadband seismometers
and 51 ocean bottom seismometers (OBS)were installed for one year across the Lau
backarc spreading centers and in Fiji and Tonga to image the along-strike structural
variation of the subduction zone and the dynamics of the melt production region.
OBS performance was excellent and all OBSs except one were recovered, with a
∼ 90% data return. We present preliminary results from the joint inversion of P
and S wave arrivals from local and teleseismic events as recorded by this temporary
network. Arrivals from local events are picked manually, while travel time residuals
for teleseismic arrivals aredeterminedvia the adaptive stackingmethoddevelopedby
Rawlinson andKennett (2004).Apreliminary set of travel times for local events and
residuals for teleseismic events are inverted using TOMOG3D (Zhao et al., 1994)
to solve for three dimensional velocity structure along strike of the Lau Backarc
Spreading Center and Tonga Arc.

Deep Seismicity Linked to Shallow Unrest at Little Sitkin Volcano, Alaska
HANEY, M. M., US Geogical Survey, Anchorage, AK, mhaney@usgs.gov;
BUURMAN, H., University of Alaska Fairbanks, Fairbanks, AK, helena@gi.
alaska.edu;QU, F., Chang’anUniversity, Xi’an,China,331326323@qq.com; LU,
Z., SouthernMethodist University, Dallas, TX, zhonglu@mail.smu.edu

A swarm of shallow (< 10 km depth) volcano-tectonic (VT) earthquakes beneath
Little Sitkin Volcano began on August 29, 2012 and continued intermittently
throughNovember2012. InSARimagery indicates that1 2cmof inflationoccurred
beneath the summit between September 2012 and August 2013, suggesting that
the seismic activity was related to an intrusion of magma below the edifice. Magma
intrusions deduced from the combined InSAR imaging and seismic analysis have
been observed at several volcanoes in Alaska, such as the 1996 swarm at Akutan.

In the days prior to the beginning of the swarm, a sequence of 5 unusual
low frequency earthquakes occurred at Little Sitkin followed by a deep (∼20 km
depth) VT earthquake. One event occurred on August 23, another on August 24,
and three in close succession on August 25. The deep VT occurred two days later,
on August 27. We have dubbed the low frequency earthquakes bass tornillos (BTs)
and refer to them here as BTs. The BTs had 2 distinctive, unusual characteristics:
their signals were dominated by a single spectral peak at∼0.57 Hz; and they were
clearly observed up to a range of 80 km on seismometers located at Amchitka Island
and Semisopochnoi Volcano. The first BT had impulsive P- and S- arrivals on the
three-component broadband at Amchitka.

Although the BTs cannot be located by standard techniques, their low
frequency content allows beamforming on a tripartite array comprised of the 3
local stations at Little Sitkin. Beamforming shows the apparent velocity of the
BTs gradually decreased from 10 km/s to 5 km/s over the 60 s duration of their
signal;however,backazimuthtowardthesouthwestremainedconstant.Theseresults
suggest that the BTs occurred at depths greater than 15 km in relative proximity to
the subsequent deep VT earthquake. The dynamics of the BT source evolved from
radiating predominantly P-waves to S-waves over the course of the event, which
explains the gradual decrease in apparent velocity.

Lower-Crustal and Upper-Mantle Seismicity Beneath Aleutian Arc Volcanoes
KETNER, D. M., Alaska Volcano Observatory USGS, Anchorage, AK,
dketner@usgs.gov; POWER, J. A., Alaska Volcano Observatory USGS,
Anchorage, AK, jpower@usgs.gov

Since 1989 the Alaska VolcanoObservatory has identified more than 3,000 seismic
events at upper-mantle to mid-crustal depths beneath 33 active Aleutian arc
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volcanic centers. All Aleutian arc volcanoes with suitable instrumentation and long-
term monitoring exhibit some amount of mid-crustal to upper-mantle seismicity.
Epicenters typically scatter broadly around the volcanoes at distances up to 25 km
from the closest volcanic vent. Depths for these events usually range from 15 to
45 km below sea level and magnitudes of located events range from−0.25 to 2.9.
These events provide some of the only direct geophysical evidence of magmatic
processes in the lower-crust and upper-mantle, a portion of themagma pathway that
is traditionally difficult to observe.

The waveforms of these events contain frequencies from 1 to 15 Hz and are
similar to event typically seen in volcanic environments from broad spectrum (1
to 15 Hz) brittle failure, volcano-tectonic earthquakes, to peaked spectra (1 to 4
Hz), fluid resonance or long-period events. To characterize the frequency content
of these events consistently we have calculated the peak frequency of the observed
waveforms using a 20.48 second portion of the waveform beginning at the onset
of the P-wave arrival. Waveform cross correlation analysis indicates that over 100
event families have been recorded in the 15 to 45 km depth range using a minimum
cross-correlation coefficient of 0.75. The percentage of repeating events to overall
seismicity varied from 35% to 0% at different volcanic centers.

Joint Inversion of Ground Rotation and Translation from Small Explosions at
Fuego Volcano
WAITE, G. P.,MichiganTechnologicalUniversity,Houghton,MI,gpwaite@mtu.
edu; BRILL, K. A., Michigan Technological University, Houghton, MI, kabrill@
mtu.edu

Very-long-period events (12 s 120 s) accompany explosive eruptions at many
volcanoes andhavebeenused to investigate conduit geometries andexplosion source
processes. At some volcanoes, a measurable rotation signal accompanies the VLP
and can be recorded with seismometers. The horizontal components of broadband
sensors are particularly sensitive to tilt, which may dominate the record at periods
below the low corner of the sensor. Since tilt typically influences only frequencies
much lower than the displacement signal, it can be filtered out prior to inversion;
yet the tilt data can provide additional constraint on the source process and could
be a valuable addition to the inversion.

At Fuego volcano inGuatemala, we recorded dozens of small-scale explosions
in 2009 and 2012 using temporary arrays of seismometers and complementary
instruments. These events are frequently preceded by 5 to 20 minutes of tilt that
suggest pressurization of the upper conduit. The onset of explosive eruptions, which
last from many tens of seconds to more than two minutes, include VLPs with
peak periods from less than 30 to nearly 50 seconds. The events are dominated
by ash emission that suggests a vulcanian-style downward migration of the magma
fragmentation front.

Joint inversions of the seismic and tilt signals as recorded by seismometers
using separately-derived synthetic tilt and displacement Green functions provides a
more complete view of the eruption process at Fuego. Importantly, because the tilt
begins prior to the explosions this modeling can provide better constraint on the
pre-eruption process which may lead to more accurate eruption forecasting.

Conduit Processes Driving Pre-Explosive Harmonic Tremor in the 2009
Redoubt Volcano Eruption
SUMMERS, P. T. S., Stanford University, Stanford, CA, psummers@
stanford.edu; DUNHAM, E. M. D., Stanford University, Stanford, CA,
edunham@stanford. edu

During the2009eruptionofRedoubtVolcano,Alaska, glidingharmonic tremorwas
observed before many vulcanian explosions. Though harmonic tremor is relatively
common at volcanoes, the high fundamental frequency of these tremors (up to 30
Hz) is unique and of particular interest. Hotovec et al. ( JVGR, 2013) linked this
tremor to rapidly repeating magnitude ∼1 earthquakes located a few kilometers
beneath the vent. These events might be occurring as brittle failure of the magma
or as slip along the margins of an obstruction within the conduit. Using a frictional
faultingmodel,Dmitrieva et al. (NatureGeoscience, 2013) converted the seismicity
and tremor signals into an estimate of the history of shear stresses acting on the fault
surface and causing slip. Stressing rates increased, in a nonlinear manner, from less
than 1 MPa/s to about 20 MPa/s over the final ten minutes before the explosions.
Here we investigate what conduit processes could plausibly be responsible for such
high stressing rates.

One possibility is that a blockage develops in the conduit prior to each
explosion, perhaps from a crystal-rich magma plug or collapse of the conduit walls.
This obstacle temporarily prevents upward flowofmagma,while deeper influx from
below thus compresses and pressurizes magma in the conduit beneath the blockage.

Throughnumericmodeling of this system,we find that asmagma accumulates
within the conduit beneath the blockage, pressure on the base of the obstruction
(which, through force balance, is proportional to shear stress on its margins)
rises in a nonlinear manner. This is because the effective compressibility of the
system decreases as the exsolution depth rises in response to increasing pressure.
Preliminarily results suggest that this model can reproduce the nonlinear increase
toward the very high stressing rates inferred from the seismicity and tremor data,
without requiring additional temporal variations in deep magma chamber pressure.

Using Spatial Density Estimates to Assess Volcanic Hazards in Dominica,
Lesser Antilles
GEORGE, O. A., University Of South Florida, Tampa, FL, oageorge@mail.usf.
edu; LATCHMAN, J., University of the West Indies, Port Of Spain, Trinidad;
MALSERVISI, R., University of South Florida, Tampa, FL, rocco@usf.edu;
CONNOR, C., University of South Florida, Tampa, FL, cbconnor@usf.edu;
CONNOR, L., University of South Florida, Tampa, FL

Risk posed by volcanic eruptions are generally stemmed in a few ways; in the short
term geophysical data such as seismic activity or ground deformation are used to
assess the state of volcanic unrest in the short term while statistical approaches such
as spatial density estimates are used for long term hazard assessment. Spatial density
estimates have been used in a number of monogenetic volcanic fields for hazard
map generation and uses the age and location of previous eruptions to calculate
the probability of a new event occurring at a given location within this field. In a
previouslyunpublished study, spatial density estimatesof theLesserAntilles volcanic
arc showed the island of Dominica to have the highest likelihood of future vent
formation. In this current study, this technique was used in combination with
seismic and geodetic data to generate a hazard map for Dominica which not only
takes into consideration the past events but also its current state of unrest. Here,
geophysical data served as a weighting factor in the estimates with those centers
showing more vigorous activity receiving stronger favorability in the assessment. In
addition to this weighting, the bandwidth utilized in the 2D-radially symmetric
kernel density function is varied so as to find the value which best minimizes the
error in the estimate. The end results of this study are dynamic volcanic hazards
maps which will be readily updatable as changes in volcanic unrest occurs within
the system.

The Subtle Beginning of an Earthquake Swarm Beneath Long Valley Caldera,
California, Detected by Downhole Seismometers
MONTGOMERY-BROWN, E. K., USGS Volcano Science Center, Menlo
Park, CA, emontgomery-brown@usgs.gov; SHELLY, D. R., USGS Volcano
ScienceCenter,MenloPark,CA,dshelly@usgs.gov; ELLSWORTH,W.,USGS
Earthquake Science Center, Menlo Park, CA, ellsworth@usgs.gov; HILL, D. P.,
USGS Volcano Science Center, Menlo Park, CA, hill@usgs.gov; PITT, A. M.,
USGS Volcano Science Center, Menlo Park, CA, pitt@usgs.gov

Swarm activity in Long Valley caldera is often correlated with resurgent dome
inflation. From 1980 to 1999 recurring swarms in the South Moat Seismic Zone
were accompanied by 80-cm of dome uplift. The caldera has been relatively quiet
since 2000, except for two gradual uplift episodes: one episode in 2002 2003 and
one ongoing episode that began in 2011. Since 2011, we have observed uplift at
about half the rate of the mid-1990’s uplift, and a renewal of swarm activity. While
swarms have occurred more frequently since uplift resumed, two recent swarms in
Oct./Nov. 2012 andMar. 2013 are the focus of this study. They were accompanied
by short deformation transients duringwhich caldera uplift paused for about aweek.

To better understand this recent activity, we cross correlate waveforms from
catalog earthquakes to identify similar clusters (families) of events from the
borehole seismometers in the Long Valley Exploratory Well (MDH1). MDH1
instrumentation includes two three-component seismometers, located 2592 m and
2263 m below ground level. Then we use representative waveforms from each
family as templates to search the continuous waveforms for smaller earthquakes.
The cross correlations identify ∼25 times more earthquakes than triggered from
surface stations.Mostof the addedearthquakeshavemagnitudes ranging from−1 to
+0.5, determined from an empirical relationship between catalog magnitude and
amplitude observed at MDH1. We compare the detected repeating earthquakes
to a typical short/long-term average trigger and find that the detected repeating
earthquakes comprise about 95% of the swarm events. The borehole instruments
detected three small eventswithwaveformshighly correlatedwith themost common
swarm family,∼15 s before the first earthquake to trigger on the surface network.
This observation suggests that the swarm begins with small chattering, in contrast
to mainshock-aftershock sequences that start with the largest event.
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