Proposal for a CARGESE SUMMER SCHOOL
EARTHQUAKES: nucleation, triggering, rupture, and relationships to aseismic processes
2nd of October – 6th of October 2017 (5 days).

(arrival on Sunday 1/10, departure on Saturday 7/10)
Organizing / scientific committee: David Marsan (Université de Savoie, CNRS), Gregory Beroza (Stanford University), Michel Bouchon (CNRS, UJF Grenoble), Joan Gomberg (USGS Seattle), Anthony Sladen (CNRS, Université de Nice).
Outline:
Earthquakes remain unpredictable, despite decades of intense investigations into possible precursory phenomena. The main difficulty lies in our incomplete knowledge of the state of stress on active faults at seismogenic depths, and a full understanding of how rupture initiates and stops in a complex medium characterized by a variable stress field acting on complex fault geometries.

In the last decade, however, great advances have converged towards a much more complete picture of earthquake-related processes. The quality and quantity of seismic data, as well as their diffusion to research scientists through open-data policies, have been much improved, most recently owing to the development of very dense and / or very sensitive seismic networks, and a gain in location accuracy; the ubiquitous nature of aseismic slip has become apparent; and recent mega-thrust and continental earthquakes have provided the seismological community with very rich datasets that help illuminate possible relationships between seismic and aseismic processes.

This school will follow-on of the 1st Cargèse school on earthquakes, that was held in November 2014 (see http://earthquakes.sciencesconf.org/, as well as https://eos.org/meeting-reports/exploring-earthquakes-slow-slip-and-triggering for a report on this school), and had 98 participants (mainly PhD students and post-docs) from 18 countries following lectures given by 21 lecturers. The goal remains to give an accurate snapshot of our current understanding of earthquakes, in the light of recent advances. About 20 scientists from all around the world (mostly Europe and US), at the cutting-edge of earthquake research, will give lectures, covering various topics related to recent developments in earthquake processes, including nucleation, triggering, rupture, and the seismic cycle as a whole.
 The school is intended to stimulate the emergence of a much wider understanding of the current issues and progress among young scientists (PhDs and post-docs), and will thus facilitate future collective progress towards earthquake preparedness and forecasting, as well as to the development of international research networks.
Key words: earthquakes, seismogenesis, aseismic slip.
Program:
The school will have 3 sessions, as listed below. 
SESSION 1: EARTHQUAKE NUCLEATION 
Earthquakes are the culmination of accelerating processes that may manifest as growing aseismic slip, as confirmed by recent laboratory experiments on rock, often accompanied by foreshocks, tremor, and other seismic phenomena. Additionally, recent observations of these and how they scale with magnitude suggest earthquake size may be strongly influenced by the nucleation process.  An update on progress testing the robustness and uniqueness of these potentially important observations since 2014 is warranted.
Aldo Zollo, Michel Bouchon, Nadia Lapusta, Aitaro Kato, Alexandre Schubnel.
SESSION 2: EARTHQUAKE TRIGGERING AND RUPTURE 
New opportunities to discover what triggers earthquakes identified in 2014 include (1) experimentation on real crustal faults under the more controlled circumstances engendered by the growth of human activities, principally wastewater injection, and its consequent exponential increase in seismicity rates and (2) the development of new methods to image in four dimensions the physical conditions and properties that determine which fault slip mode is likely to dominate. Also, the questions as to how rupture propagates, in relation with structural constraints and past slipping history, remains widely open.  Discoveries relevant to these opportunities, others, and new ones will be discussed. 
Nicholas van der Elst, Raul Madariaga, Bill Ellsworth, Jean Schmittbuhl, Greg Beroza, Anthony Sladen, Shamita Das.
SESSION 3: BEYOND EARTHQUAKES – COMPLETING THE SLIP SPECTRUM 
Slow aseismic slip acts as to relieve stress applied to faults and to accelerate stress accumulation on neighboring stuck fault patches that eventually break and radiate seismic waves.  While innovative seismic waveform and statistical analyses have served as proxies for the more significant, but harder to observe, aseismic slip that drives them, challenges acknowledged in 2014 and to be revisited, include verification of the proxy status by detecting aseismic deformation directly and evaluation of how seismic and aseismic modes interact.
Satoshi Ide, Hugo Perfettini, Joan Gomberg, Michel Campillo, David Marsan, Chris Marone, Agnès Helmstetter, Cristiano Collettini.
Monday
8:30: Welcome by organizing committee

8:45 – 9:45: Aitaro Kato “Episodic unlocking of fault leading up to earthquake”

9:45 – 10:00: (ST) Elenora van Rijsingen “The relation between subduction interface roughness and the occurrence of megathrust earthquakes: A global analysis of natural data”

10:00 – 10:15: (ST) Virginie Durand “From repetitive vibrations to rupture, an intermediate scale example: rockfalls in the crater of Piton de la Fournaise volcano”

10:15 – 10:30: (ST) Men-Andrin Meier “The hidden simplicity of subduction megathrust earthquakes”

10:30 coffee break

11:00 – 12:00: Alexandre Schubnel “Pre-slip, foreshocks, repeaters and tidal modulation during the nucleation of laboratory earthquakes”

12:00 – 12:15: (ST) Grzegorz Kwiatek “Tracking local spatiotemporal microfracturing processes and stress field evolution before and after laboratory fault slip”

12:30 lunch  

14:00 – 16:00 (optional): tutorial “An initiation to the « Pyrocko » seismological and geodetic toolbox” by Simon Daout.
16:00 – 17:30: Michel Bouchon “Some observations of broad scale deformation of the slab”

17:30 – 18:30: Aldo Zollo ”The Earthquake Early Warning method & observations: Potential implications on the physics of early rupture nucleation”
18:30: poster session (with drinks)

Tuesday
8:30 – 10:00: Nadia Lapusta “Modeling stable and unstable fault slip using combinations of rate-and-state friction and enhanced dynamic weakening”

10:00 – 10:15: (ST) Paul Selvadurai “Visual evolution of asperity contact area during the passage of slow shear ruptures in the laboratory”

10:15 – 10:30: (ST) Camilla Cattania “Slip partitioning and scaling relations of repeating earthquakes on rate-state faults”

10:30 coffee break

11:00 – 12:00: Raul Madariaga “Slow and fast dynamic ruptures in the Chilean subduction zone: the 2014 Iquique and 2017 Valparaiso earthquakes”

12:00 – 12:15: (ST) Anne Socquet “An 8-month slow slip event triggers progressive nucleation of the 2014 Chile megathrust ”
12:30 lunch 
14:00 – 16:00 (optional): discussion on “The Promise and The Perils of Earthquake Early Warning”, Paul Bodin and Aldo Zollo.
16:00 – 17:00: Jean Schmittbuhl “Induced seismicity: the creep route”

17:00 – 18:00: Gregory Beroza “The FAST Method for Earthquake Detection:  Application to Seismicity During the Initial Stages of the Guy-Greenbrier, Arkansas, Earthquake Sequence”

18:00 – 18:15: (ST) Marco Scuderi “The effect of fluid injection on an experimental fault and its role on frictional stability and earthquake triggering”

18:15 – 18:30: (ST) Louis De Barros “Aseismic motions versus seismicity during fluid injection experiments into in-situ fractured zones”

free evening

Wednesday
8:30 – 10:00: Bill Ellsworth “From Foreshocks to Mainshocks: Mechanisms and Implications for Nucleation and Rupture Propagation”

10:00 – 10:15: (ST) Olivier Lengliné “Imbricated slip rate processes during slow slip transients imaged by low-frequency earthquakes”

10:15 – 10:30: (ST) Tomoaki Nishikawa “Recurring slow slip events and earthquake nucleation in the source regions of the M7 Ibaraki-Oki earthquakes inferred from seismicity”
10:30 coffee break

11:00 – 12:00: Anthony Sladen “Shallow megathrust earthquake ruptures betrayed by their outer-trench aftershocks signature”

12:00 – 12:15: (ST) Olaf Zielke ”Fault roughness and strength heterogeneity control earthquake size and average stress drop”

12:15 – 12:30: (ST) Lucile Bruhat “Deformation rates in northern Cascadia consistent with slow up dip propagation of deep interseismic creep”

12:30 lunch 

14:00 – 16:00: (optional) discussion on “How predictable is earthquake rupture?”, by Men-Andrin Meier 
16:00 – 17:00: Shamita Das “The inverse problem of the dynamic earthquake rupturing process”

17:00 – 18:00: Nicholas van der Elst “The uses of dynamic triggering”

18:00 – 18:15: (ST) Patricia Martínez-Garzón “Comparative study of earthquake clustering in relation to hydraulic activities at geothermal fields in California”

18:15 – 18:30: (ST) Luisa Valoroso “Seismic and Aseismic Behavior of the Altotiberina Low-angle Normal Fault System (Northern Apennines, Italy) through High-resolution Earthquake Locations and Repeating Events”
Evening: barbecue

Thursday
8:30 – 10:00:  Satoshi Ide “Diversity and universality of slow earthquakes”

10:00 – 10:15: (ST) Blandine Gardonio “Revisiting Slow Slip Events occurrence in Boso Peninsula, Japan, combining GPS data and Repeating Earthquakes analysis”

10:15 – 10:30: (ST) Baptiste Rousset “A geodetic matched filter search for slow slip with application to the Mexico subduction zone”

10:30 coffee break

11:00 – 12:00: David Marsan “Seismicity changes to identify slow slip and precursory slip”

12:00 – 12:15: (ST) Kayla Kroll “Delayed Seismicity Rate Changes Controlled by Static Stress Transfer”

12:30 lunch 

14:00 – 16:00 (optional): tutorial “a new Fast Matched Filtering (FMF) tool” by William Frank.
16:00 – 17:00: Cristiano Collettini “Fault strength, reaction softening and the slip behaviour of fluid pressurised experimental faults”

17:00 – 18:00: Michel Campillo “Monitoring seismic velocity during deformation events of various time scales”

18:00 – 18:15: (ST) Quentin Bletery “Imaging shear strength along subduction faults”

18:15 – 18:30: (ST) William Frank “Revealing the cascade of slow transients behind a large Pre-slip, foreshocks, repeaters and tidal modulation during the nucleation of laboratory earthquakesslow slip event”

18:30: poster session (with drinks)

Friday
8:30 – 10:00:  Chris Marone “The Mechanics of Slow Earthquakes and the Spectrum of Fault Slip Behaviors”
10:00 – 10:15: (ST) Mathilde Radiguet “Assessing the relations between seismic and aseismic slip in Guerrero, Mexico: Triggering of the Mw 7.3 Papanoa Earthquake by the large 2014 Slow Slip Event”

10:15 – 10:30: (ST) Vincent Maury “Role of in situ stress and fluid compressibility on Slow Slip Events (SSE), instability triggering (EQ)”

10:30 coffee break

11:00 – 12:00: Hugo Perfettini “Rate and state friction and the modelling of aseismic slip”
12:00 – 12:15: (ST) Valère Lambert “Implications of depth-dependent variations in fault zone properties for the frequency content of seismic radiation”

12:30 lunch 

16:00 – 17:00: Agnès Helmstetter “Repeating icequakes and landquakes”

17:00 – 18:00: Joan Gomberg “Science that saves the world - from forefront science to more resilient societies”

18:00 – 19:00: concluding session  

free evening

Monday Evening Poster Session (28 posters)
	Name
	Title

	Alexey Ostapchuk
	Fault stiffness as the key parameter determining fault slip mode

	Michael Rudolf
	Slip dynamics, transients and precursory phenomena: Insights from analogue experiments with granular fault gouge

	Jérôme Aubry
	Frictional heating processes during laboratory earthquakes

	Heather Shaddox
	Spatiotemporal Relationship between Shallow Slow Slip and Repeating Earthquakes in the Northern Hikurangi Subduction Margin, New Zealand

	Christine Ruhl
	High-resolution spatial variation of stress drops illuminates shallow fault zone behavior in the 2008 Mogul earthquake swarm (Nevada)

	Théa Ragon
	Accounting for uncertainties on the fault geometry in source inversion problems

	Martin Schoenball
	Induced seismicity in Oklahoma and southern Kansas: I - Spatio-temporal evolution of fault activation

	Martin Schoenball
	Induced seismicity in Oklahoma and southern Kansas: II - Clustering behavior

	Florent Aden-Antoniow
	Analysis of the Intermediate-Depth Seismicity During the Year Preceding the 2014 Mw 8.2 Iquique Earthquake and its Possible Implication in the Megathrust Triggering Process

	Baoning Wu
	The physics behind VLFEs and LFEs: an analysis based on dynamic rupture models with ductile-like friction

	Ailin Zhang
	Unraveling the Rupture Complexity of the 2016 Mw 7.8 Kaikoura, New Zealand Earthquake with an Improved Back-Projection Technique

	Julien Renou
	Rupture expansion of the main phase of an earthquake from Source Time Functions

	Yen Joe Tan
	Variation of seismicity rate and earthquake b-value with tides at a mid-ocean ridge

	Andreas Steinberg
	Data-driven determination of earthquake source complexity from InSAR and teleseismic data

	Mateo Acosta
	Fluid thermodynamics control fault heating and weakening under upper crustal stress conditions.

	Sónia Manzoni Silva
	Micro-seismicity in the Gulf of Cadiz: Is there a link between micro-seismicity, high magnitude earthquakes and active faults?

	Hans Agurto-Detzel
	The Mw7.8 2016 Ecuador Earthquake: seismotectonics, aftershock activity and relation with coseismic slip models

	Simon Preuss
	Seismic cycle modeling on evolving transform faults: The question of fault branching

	Taku Ueda
	Seasonal variation of seismicity in Japan

	James Hollingsworth
	Dynamically triggered slip on a splay fault in the Mw 7.8, 2016 Kaikoura (New Zealand) earthquake

	Virginie Durand
	What controls the dynamic propagation of the rupture on a fault network : numerical simulations for a fault network in the Corinth Rift, Greece

	Filip Kostka
	Dynamic source inversion for physical parameters controlling the 2016 Amatrice earthquake

	Magali Barba
	Linking seismicity and fault surface properties

	Camille Justin
	An experimental investigation of the role of seismic asperity interactions on radiation efficiency

	Sylvain Michel
	Pulse-Like Partial Ruptures and High-Frequency Radiation at Creeping-Locked Transition during Megathrust Earthquakes

	Magali Barba
	Linking seismicity and fault surface properties

	Samson Marty
	Acoustic study of rupture propagation in the lab

	Jesus Pina
	Segmentation of the Japanese megathrust inferred from ground motion observation


Thursday Evening Poster Session (28 posters)

	Cedric Twardzik
	Detection of early postseismic deformation from high-rate GNSS time series

	Ian McBrearty
	Analyzing glacial seismicity and repeating stick-slip basal earthquakes with a SVM classifier

	Ekaterina Kazachkina
	Trench-parallel sliver motion in the Mexican oblique subduction zone

	Simon Daout
	Spatio-temArialporal modeling of the earthquake cycle using both geodetic and seismological data

	Pia Victor
	Remote triggering of forearc faulting - surface displacement along the Atacama Fault System monitored with the IPOC Creepmeter Array (N-Chile)

	Pierre Romanet
	Quasi-dynamic Earthquake Cycles in Complex Fault Geometry

	Louise Maubant
	The Seismic Sequence of the Norcia Earthquake, Italy 2016, seen by geodesy

	Carlos Peña
	Modelling the 3D post-seismic deformation signal of the Maule 2010 earthquake: Viscosity heterogeneity or non linear creep?

	Georgios Michas
	On the spatiotemporal properties and the nonlinear diffusion of fluid-induced seismicity: A statistical physics approach 

	Michelle Almakari
	Induced Seismicity in a rate-and-state asperity model

	Satoru Baba
	Temporal activity change of deep very low frequency earthquakes in Shikoku, southwest Japan

	Clara Yoon
	Was the 1999 Mw 7.1 Hector Mine, California, earthquake triggered by aseismic slip? Insights from its foreshock sequence 

	Akira Hikita
	Fine-scale variations of deep low frequency tremor activity in western Shikoku, southwest Japan

	Daisuke Sato
	Rheologically correct rate and state friction law and its implication for slow fault motions

	Louise Jeandet
	Impact of large erosional events on seismic cycle

	Joshua Williams
	Stress drop variation of M≥4 earthquakes on the Blanco oceanic transform fault using a phase coherence method

	Casper Pranger
	Physical and Numerical Ingredients of a 3D Continuum Seismic Cycle Code

	Harsha S. Bhat
	Dynamic earthquake rupture with coseismic off-fault damage : Radiation and Energy Budget

	Marco M. Scuderi
	The memory effect of fault zone stiffness and its control on fault zone slip behavior from slow to fast stick-sip

	Kayla Kroll
	Permeability changes observed in the Arbuckle Group Coincident with 7 November 2016 M$_w$5.0 Cushing, Oklahoma Earthquake

	Chiara Cornelio
	Effect of fluid viscosity on fault frictional behavior

	Louis De Barros
	Seismic and aseismic deformation induced by fluid injection in shale: insights from controlled in-situ experiment

	Stacy Larochelle
	The Role of Dilatancy in Fluid-Induced Fault Slip

	Pierre Dublanchet
	Earthquake nucleation on a heterogeneous rate-and-state fault: aseismic slip acceleration and foreshock sequences.

	Kyle Murray
	Measuring crustal deformation due to fluid extraction in the Central Valley of California: Implications for induced seismicity

	Simone Mancini
	Influence of data quality on physics-based earthquake forecasts: the case of the 2016 Central Italy sequence

	Jorge Jara
	Long term interactions between intermediate depth and shallow seismicity in North Chile subduction zone

	Jorge Jara
	Kinematic study of Iquique earthquake Mw 8.1 in 2014: understanding the segmentation of the seismogenic zone


Afternoon sessions
 An initiation to the « Pyrocko » seismological and geodetic toolbox
 Andreas Steinberg (1), Simon Daout (1), Sebastian Heiman (2), Marius Isken (1,2), Henriette Sudhaus (1) 
(1) Christian-Albrecht University zu Kiel, Department of Geosciences, Germany; (2) Helmholtz Centre Potsdam, GFZ German Research Centre for Geosciences, Germany 
Pyrocko (Heiman et al., 2017: http://doi.org/10.5880/GFZ.2.1.2017.001) is an open source seismology toolbox and library, written in the Python programming language. It can be utilized flexibly for a variety of geophysical tasks, like seismological data processing and analysis, calculation of Green's functions and speedy forward calculations of static displacement or seismic waveforms in layered media. Those can be used to characterize extended earthquake ruptures, point sources (moment tensors) and other seismic sources. During this small tutorial to the software and its applications, we will show how to create Green's function velocity databases and how to produce fast synthetic InSAR and seismic data. We will also introduce our InSAR and seismic data interactive data handlers Kite (Isken et al., 2017: http://doi.org/10.5880/GFZ.2.1.2017.002) and Snuffler (Heiman et al., 2017), integrated within Pyrocko, which allow fast visualization and quick pre-processing of the dataset before further source optimizations. Finally we will introduce how InSAR and seismological optimizations can be done in the Pyrocko framework and have hands-on an exemplary source optimization of the 2009 Aquila earthquake from seismological waveform data.
Prerequisites for the hands-on practice: 
The software is openly and freely available on GIT and runs smoothly with Linux and Mac (http://pyrocko.org/v0.3/install/). Using virtual Linux machines on Windows is also an option. Free disk space on Laptops should be not less than 10 GB.
A new Fast Matched Filtering (FMF) tool 
William Frank
A new Fast Matched Filtering (FMF) tool to efficiently detect seismicity in large continuous datasets, using a matched-filter search on multi-core CPUs or on Nvidia GPUs.  Wrappers are available for both Python and Matlab (CPU only).
Required software/hardware:
- A C compiler that supports OpenMP (default Mac OS compiler clang does not support OpenMP; gcc can be easily downloaded via homebrew)

- Either Python (v2.7 or 3) or Matlab

- BONUS: a discrete Nvidia graphics card that supports CUDA C with CUDA toolkit installed

Fast Matched Filter is available @ https://github.com/beridel/fast_matched_filter
and can be downloaded with:

$ git clone https://github.com/beridel/fast_matched_filter.git
For the adventurous who want to compile beforehand: a simple make + whichever implementation does the trick.  Possible make commands are:

$ make python_cpu

$ make python_gpu

$ make matlab

Can also be imported as a python module!

Installation on Python also possible, but not thoroughly tested, via setup tools or even pip (which supports clean uninstalling):

$ python setup.py build

$ python setup.py install

OR

$ python setup.py build

$ pip install .
The Promise and The Perils of Earthquake Early Warning
Paul Bodin, Aldo Zollo
A number of seismic networks around the world are being tasked with implementing Earthquake Early Warning (EEW). We pose a number of questions to motivate a discussion of EEW systems:
• What are the relative merits of and the problems with currently implemented EEW systems and algorithms?
• What are the inherent limitations of EEW?
• What earthquake science must be done to improve EEW?
• What technical advances will best facilitate EEW? (i.e., denser instrumentation, cheaper sensors, “smarter” sensors, seafloor instrumentation, including geodetic observations, etc.)
• How vigorously should Earth scientists “sell” EEW, and what should the message(s) be?
• What are the relative merits of having a government and/or private business as chief sponsors of EEW?

How predictable is earthquake rupture?
Men-Andrin Meier 

