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An international workshop was convened at Istanbul Technical University from
August 14 to August 18, 2006 about “Comparative Studies of the North Anatolian Fault
(northwest Turkey) and the San Andreas Fault (Southern California)”. The workshop was jointly
funded by SCEC, NSF’s OISE program, and Istanbul Technical University (ITU). The main
objectives were to facilitate multinational research projects that can shed new light on the
seismotectonics of continental transform faults and to formalize a collaboration between SCEC
and a consortium of research institutions in Turkey. The San Andreas Fault and the North
Anatolian Fault are two major continental transform faults that share many characteristics. Both
fault systems are right-lateral transforms that slip at rates of 20-35 mm/yr and that endanger
metropolitan areas with huge populations: Los Angeles (17 million) and Istanbul (13 million). As
a consequence, the U.S. and Turkey are each sponsoring large-scale research programs to
characterize and monitor these fault systems. International comparative studies should allow for
better earthquake forecasts, better estimates of strong ground motions, and better technology for
early warning, all of which have the potential to substantially reduce earthquake losses.

Together, the NSF and SCEC grants provided full or partial travel support to 24 U.S.
scientists. An additional 9 U.S. scientists funded their travel from other sources. US participants
included 1 post-doc, 6 graduate students; they also comprised 9 women and 2 scientists from
underrepresented groups in the geosciences. Many Turkish scientists and Turkish graduate
students attended the workshop, as well as a dozen scientists from the European Union and from
Japan. The total number of participants in the workshop was about 80 (see Appendix 1). Turkish
participants came from ITU, the Kandilli Observatory of Bosphorus University, the University of
Istanbul, the Marmara Research Center in Gebze, the Middle East Technical University (METU)
in Ankara, and the General Directorate of Mineral Research and Exploration (MTA) in Ankara.
This SCEC grant financed the travel expenses of 5 keynote speakers and partially funded travel
for 3 graduate students. 4 of these recipients were either not US citizens or permanent resident,
or were not residing in the US, and therefore were ineligible for NSF travel support.
Unfortunately, Dr. David Bowman (Cal. State Fullerton), one of the keynote speakers, was not
able to attend the workshop, as his flight was cancelled due to the “terror alert” enforced at many
international airports the week of the workshop.

The workshop was organized around three days of keynote presentations, discussions
sessions, and poster sessions, followed by two one-day field trips (see Appendix). On August 15,
many participants joined a dinner cruise on the Bosphorus, which was an occasion for further
exchange in an enjoyable setting. The two field trips on August 17 and 18 were also successful
and good hands-on introductions to the seismotectonics of the North Anatolian fault for those not



already familiar with it. Thanks to the contacts established during the workshop, several US
scientists who never worked in Turkey before visited with colleagues in Istanbul immediately
after the workshop and discussed possible collaborations.

Details about the workshop, including the abstract volume, the agenda, and one of the
field trip guides, are posted at http://projects.crustal.ucsb.edu/NAF-SAF-2006.

1. RECENT AND ON-GOING RESEARCH INITIATIVES FOR THE NORTH
ANATOLIAN FAULT

A comparative study between the two fault systems would be greatly aided by the parallel
establishment of digital fault, stratigraphic, and 3-dimensional seismic velocity representations of
the fault systems. SCEC is now maintaining and developing such a “Community Modeling
Environment” for the southern San Andreas Fault. During the workshop, and also since the
workshop, Turkish and European colleagues described independent efforts to develop similar
digital representations for the North Anatolian fault. The following initiatives are noteworthy and
a joint SCEC-Turkey efforts should build on their results:

« The REL.LEF. project (=RELiable Information on Earthquake Faulting;
http://www.ingv.it/paleo/RELIEF), which ended in 2005, was supported by the European
Commission in the aftermath of the devastating 1999 Izmit earthquake. The project gathered
detailed paleoseismological data along the Izmit-Duzce and Ganos segments of the North
Anatolian Fault, with the goal to provide the necessary data to compute scenario-based strong
ground motion simulations. This project was coordinated by Mustafa Megrahoui at the Institut de
Physique du Globe (Strasbourg, France), in collaboration with Serdar Akyuz and Gulsen
Ucarkus for Istanbul Technical University, INGV (Rome, Italy), Brunel University (UK), ETH
(Zurich, Switzerland), and University of Bergen (Norway). A database of finite-source rupture
models has been released (www.seismo.ethz.ch/srcmod).

* A major study titled “Istanbul seismic microzonation and earthquake hazard mitigation and
disaster prevention study” was carried out jointly by Turkish and Japanese (JICA) scientists and
engineers. The study, completed in 2002, has compiled geological and seismological data, and
lead to the acquisition of a vast amount of geotechnical data. Ground motion calculations,
including site amplifications, were made for an earthquake of magnitude Mw = 7.5 on the North
Anatolian fault under the Sea of Marmara. An engineering evaluation of the infrastructure,
commercial, industrial and residential buildings were carried out for each ward of the city to
determine vulnerability. This study predicted that in the case of a Mw = 7.5 earthquake more
than 50,000 buildings would be heavily damaged, 2 million people would require at least
temporary shelter, and fatalities would exceed 70,000.

» Another major project is the “Istanbul Earthquake Rapid Response and Early Warning Ground
Motion Network” established by the Kandilli Observatory of Bogazi¢i University. Its goal is to
provide near real-time damage assessment maps in case of a major earthquake. About 150
strong motion instruments deployed across the city will measure ground motion and be used to
provide a rapid damage estimate. The results would go to the Istanbul Mayor’s Office, the
Emergency Management Office, and the Governor’s Office. All data transmission and
computations have been designed with adequate backup to function even in the case of the
largest credible earthquake for the region. The second part of the project, also installed by the
Kandilli Observatory, is the Earthquake Early Warning System for Istanbul and the Marmara
region. Ten strong motion instruments have been placed as close to the fault trace as possible. In



case of an earthquake the system updates the magnitude estimate based on ground motion
amplitude and duration, and issues an alarm automatically as magnitude estimate exceeds a
threshold. For the Istanbul region, this system could provide up to 30 seconds of advanced
warning before maximum ground shaking occurs. It is designed to provide information directly
to the emergency management offices and to other institutions such as the utilities.

+ Istanbul Technical University recently established a high performance computing center. As a
direct follow-up to this workshop, ITU has formally invited scientists at the Kandilli Observatory
of Bogazici University to implement a ground motion model for Istanbul that would make use of
this new facility. Scientists and administrators from both universities agreed that a Turkish
version of the SCEC’s Terrashake 3-D ground motion modeling project (and the community
model therein) would be a very suitable project for the new facility. That concept has gathered
enthusiastic support from everyone and might be sponsored not only by the Turkish Scientific
Research Foundation (TUBITAK), but probably also by local authorities such as the
Municipality of Istanbul.

* The General Directorate of Mineral Research and Exploration (MTA) has recently revised its
Active Fault Map for northwest Turkey, using an original mapping scale of 1:25,000 (although
data will be published at 1:250,000)

* The "World Stress Map" project, lead by Karlsruhe University, is compiling a digital fault
database for northwest Turkey (http://www.world-stress-map.org).

* ESONET (=European Seas Observatory Network), an initiative sponsored by the European
Union, selected the Marmara Sea as one of eleven sites where state-of-the-art cabled seafloor
observatories may be deployed. Should this project materialize, one of the first priority will be
the installation of ocean bottom seismometers along the submerged trace of the North Anatolian
Fault. Such a project would involve massive infrastructure in terms of computational power,
would require that all data be freely accessible to participating countries, and that a structured
digital archiving system be emplaced. These elements would be of obvious benefit to
establishing a SCEC-like Community Modeling Environment for the North Anatolian Fault.

2. DISCUSSIONS WITH REPRESENTATIVES FROM TURKISH INSTITUTIONS

Two meetings in smaller groups with key representatives from Turkish institutions, led by Tom
Jordan and Naci Goriir to discuss possible strategy for joint investigations, took place on August
15 and 16. The following people (whose affiliation are listed in the appendix) were present at
the second of these meetings:

Mustafa Aktar, Namik Cagatay, Ibrahim Cemen, Milene Cormier, Omer Emre, Mustafa Erdik,
Haluk Eyidogan, Louis Géli, Naci Goriir, Pierre Henri, Tobias Hergert, Tom Jordan, Ali
Kocyigit, Alvis Lisenbee, Roland Person, Leonardo Seeber, Christopher Sorlien, Michael
Steckler, Okan Tuysuz, Tiphaine Zitter, and five other Turkish scientists. Tom Jordan and Naci
Gorlir introduced the first meeting by presenting their visions to formalize partnerships on
several levels. From a SCEC point of view, a focus around a collaboratory for earthquake
predictability would be desirable. Turkish scientists expressed their wish to focus the effort on
seismic hazards in the Marmara region, and indicated that much funding may be available from
the European Union should a strong international proposal be submitted.



3. RECOMMENDATIONS FROM THE BREAK-OUT GROUPS

Four break-out groups discussed issues related to 1) discrepancies between geological and
geodetic slip rates, 2) temporal evolution of strike-slip fault systems, 3) paleoseismology and
fault segmentation, and 4) ground motion and rupture dynamics. Recommendations from the
break-out groups were cross-cutting and can be summarized as follows.

» Efforts should continue to determine the fine-scale geometry of the fault system, something
critical to addressing the following issues:

- Oversimplified fault models might account for part or all of the discrepancies between
geological and geodetic slip rates. In addition, little is known about the width of the fault zones,
or about the impact of fault gouge versus bedrock on deformation rates.

- Reliable estimates of slip distribution depend on an accurate knowledge of fault geometry.

- Reliable models of seismic sources and fault kinematics are also strongly dependent on an
accurate fault representation.

« For the same reasons, the 3" dimension (subsurface structure) of the North Anatolian fault
should be carefully evaluated using a variety of techniques, including seismic profiling, seismic
stratigraphy, the precise location of micro-earthquakes, and detailed gravity maps.

* In order to investigate the discrepancy between geodetic and geological rates, reliable
geological rates should be gathered at many locations, including along the subsidiary branches of
the North Anatolian Fault. On-going GPS campaigns should be stepped up in order to investigate
seismic/interseismic cycles in fault slip, including possible accelerated slip rates during
interseismic periods.

* An accurate seismic velocity structure for NW Turkey is critical for developing reliable ground
motion simulations, precisely locating earthquakes and defining fault planes, and by extension,
for developing reliable geodetic models. Techniques might include multichannel seismic
profiling in transform basins, wide angle seismic profiling, and seismic tomography, both
onshore and offshore.

* The Quaternary evolution of the fault system in the Marmara Sea may be unraveled with a
combination of seismic stratigraphy and long sediment cores, such as may be collected with the
International Ocean Drilling Program. This approach may be applied to provide additional
control on the seismic structure of the fault zone.

* Ultimately, our goal is to understand how earthquakes nucleate and thus reduce seismic
hazards. That goal may be within reach using a combination of computationally intensive
ground motion simulation models, as well as comprehensive databases of waveforms, earthquake
catalogues, seismicity data, source characterizations, etc.

4. FURTHER ACTIONS

As a follow-up to this workshop, a pre-proposal was submitted by SCEC to the NSF-PIRE
initiative (Partnership for International Research and Education) that laid out a strategy for
facilitating a U.S.-Turkish collaboration. Submission of a full PIRE proposal was unfortunately
not invited. However, Turkish scientists have confirmed their intention to pursue the effort
toward developing collaborative research projects with SCEC. In particular, Tom Jordan invited
Turkish scientists to be partners in study of earthquake predictability, using the North Anatolian
Fault as a natural laboratory. Further discussions will be needed to overcome differing attitudes
amongst Turkish institutions, and a reciprocal workshop in the US would present the best



environment to develop a consensus strategy. Possibly, such workshop could be coupled with the
annual SCEC meeting, next September 2008, or with the fall meeting of the American
Geophysical Union in San Francisco in December 2007, which is generally well attended by
Turkish scientists.

S. TURKISH INSTITUTIONS AND CONTACTS

Researchers at the following institutions expressed their interest in developing collaborative
projects with SCEC. The named scientists agreed to serve as a relay with their colleagues and
administrators.
ISTANBUL TECHNICAL UNIVERSITY (ITU).
Prof. Naci Gortir
Prof. Namik Cagatay
Prof. Celal Sengor
Prof. Aral Okay
KANDILLI OBSERVATORY AND EARTHQUAKE RESEARCH INSTITUTE (KOERI),
BOGAZICI UNIVERSITY, ISTANBUL.
Prof. Mustafa Aktar
Prof. Mustafa Erdik
GENERAL DIRECTORATE OF MINERAL RESEARCH AND EXPLORATION (MTA),
ANKARA.
Dr. Omer Emre
MIDDLE EAST TECHNICAL UNIVERSITY (METU), ANKARA.
Prof. Ali Kocyigit
ISTANBUL UNIVERSITY.
Prof. Naside Ozer
MARMARA RESEARCH CENTER, GEBZE.
This research institution is managed by the TUBITAK (The Turkish national research
foundation). While TUBITAK is facing a national controversy over research funding and
strategy [see for example the News sections of the issues of NATURE published on April
28, 2005 and November 3, 2005], first-rate scientists such as Dr. Serdar Ozalaybey (active
and passive seismology) and Dr. Semih Ergintav (geodesy) have long collaborated with
numerous scientists at the national and international levels.
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Ziyadin Cakir Istanbul Technical University, Turkey, cakirziyadin@yahoo.com

& Inst. Physics of the Earth, Paris, France

Rufus Catchings

US Geological Survey,
Menlo Park, CA, USA

catching@usgs.edu

Mehmet Celebi

US Geological Survey,
Menlo Park, CA, USA

celebi@usgs.edu

Ibrahim Cemen

Oklahoma State University,
Stillwater, OK, USA

icemen@okstate.edu

David Chadwell

Scripps Oceanographic Institution,
La Jolla, CA, USA

cchadwell@ucsd.edu

Milene Cormier
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Columbia, MO, USA
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Susana Custodio
(student)

University of California Santa Barbara,
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Emin Demirbag

Istanbul Technical University,
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Istanbul Technical University,
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University of Southern California,

James Dolan Los Angeles, CA, USA dolan@usc.edu

Eser Durukal Bogazici U., Kandilli Observ. (KOERI) durukal@boun. edu.r
Istanbul, Turkey

- Directorate of Exploration & Research

Omer Emre (MTA), Ankara, Turkey emre@mta.gov.tr

Mustafa Erdik Bogazici U., Kandilli Observ. (KOERI) erdik@boun.edu.tr

Istanbul, Turkey

Semih Ergintav

Marmara Research Center (MAM),
Gebze, Turkey

semih.ergintav@mam.gov.tr

Korhan Erturac

Istanbul Technical University (ITU)
Istanbul, Turkey

erturac@itu.edu.tr

Aluk Eyidogan

Istanbul Technical University, (ITU)
Istanbul, Turkey

eyidogan@itu.edu.tr

Luca Gasperini

Institute of Marine Sciences, CNR,
Bologna, Italy

luca.gasperini@ismar.cnr.it
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Naci Goriir Istanbul, Turkey gorur@itu.edu.tr
Polat Gulkan Middle East Technical U. (METU) A03516@metu.edu.tr
Ankara, Turkey
Istanbul Technical University, (ITU) .
Aysun Guney Istanbul, Turkey guneya@itu.edu.tr
Elizabeth Hearn University of British Columbia, ehearn@eos.ubc.ca
Vancouver, Canada
. . University of Karlsruhe, . . o
Oliver Heidbach Karlsruhe, Germany oliver.heidbach@gpi.uni-karlsruhe.de
Pierre Henry College de France, henry@cdf.u-3mrs.fr

Aix en Provence, France

Tobias Hergert

University of Karlsruhe,
Karlsruhe, Germany

tobias.hergert@gpi.uni-karlsruhe.de

Susan Hough
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Istanbul Technical University (ITU)
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Michael Jackson

UNAVCO Inc.,
Boulder, CO, USA
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Thomas Jordan

University of Southern California,
Los Angeles, CA, USA

tjordan@usc.edu

Hayrullah Karabulut

Bogazici U., Kandilli Obs. (KOERI)
Istanbul, Turkey

kara@boun.edu.tr

Ali Kocyigit

Middle East Technical U. (METU)
Ankara, Turkey

akoc@metu.edu.tr

Ali Ozgun Konca
(student)

California Institute of Technology,
Pasadena, CA, USA

ozgun@gps.caltech.edu

Ozgur Kozaci
(student)

University of Southern California,
Los Angeles, CA, USA

kozaci@usc.edu

Hulya Kurt

Istanbul Technical University,
Istanbul, Turkey

kurt@itu.edu.tr

Ismail Kuscu

Directorate of Exploration & Research
(MTA), Ankara, Turkey

ismail.kuscu@mta.gov.tr

Alvis Lisenbee

South Dakota School of Mines,
Rapid City, SD, USA

alvis.lisenbee@sdsmt.edu

Scott Marshall University of Massachusetts, marshall@geo.umass.edu
(student) Ambherst, MA, USA £€0- )
Cecilia McHugh Queens College, City University of New cecilia@ldeo.columbia.edu

York, Flushing, NY, USA

David Mencin
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mencin@unavco.org

Craig Nicholson
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Tina Niemi

University of Missouri — Kansas City
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San Diego State University,
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Selim Ozalp (MTA), Ankara, Turkey ozalps@mta.gov.tr

Volkan Ozaksoy Directorate of Exploration & Research volcano@mta.gov.tr
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Sinan Ozeren
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Massachusetts Institute of Technology,
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San Diego State University
Tom Rockwell San Diego, CA, USA trockwell@geology.sdsu.edu.tr
. California Geological Survey, . .
Badie Rowshandel Sacramento, CA, USA badie.rowshandel@conservation.ca.gov
Michael Rymer US Geological Survey, mrymer@usgs.gov

Menlo Park, CA, USA

Surinder Sahai

Oklahoma State University,
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surinder.k.sahai@okstate.edu

Katherine Scharer

Appalachian State University,
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Christopher Sorlien University of California Santa Barbara chris@crustal.ucsb.edu

Santa Barbara, CA, USA

Michael Steckler

Columbia U., Lamont-Doherty Earth
Observ.
Palisades, NY, USA

steckler@ldeo.columbia.edu

Monica Sugan
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Istanbul Technical University, (ITU)
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