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.

Michel Bouchon (1.5 hr): Some observations of broad scale deformation of the slab
Alexandre Schubnel (1 hour): Pre-slip, foreshocks, repeaters and tidal modulation during the nucleation of laboratory earthquakes
Nadia Lapusta (1.5 hr): Modeling stable and unstable fault slip using combinations of rate-and-state friction and enhanced dynamic weakening
Aldo Zollo (1 hr): The Earthquake Early Warning method & observations: Potential implications on the physics of early rupture nucleation
Aitaro Kato (1 hr): Episodic unlocking of fault leading up to earthquake
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.
Bill Ellsworth (1.5 hr): From Foreshocks to Mainshocks: Mechanisms and Implications for Nucleation and Rupture Propagation

Shamita Das (1 hr): The inverse problem of the dynamic earthquake rupturing process

Raul Madariaga (1 hr): Slow and fast dynamic ruptures in the Chilean subduction zone: the 2014 Iquique and 2017 Valparaiso earthquakes

Greg Beroza (1 hr): The FAST Method for Earthquake Detection:  Application to Seismicity During the Initial Stages of the Guy-Greenbrier, Arkansas, Earthquake Sequence

Jean Schmittbuhl (1 hr): Induced seismicity: the creep route

Nicholas van der Elst (1 hr): The uses of dynamic triggering

Anthony Sladen (1 hr): Shallow megathrust earthquake ruptures betrayed by their outer-trench aftershocks signature

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.
Satoshi Ide (1.5 hr depending if already covered): Diversity and universality of slow earthquakes

Chris Marone (1.5 hr): The Mechanics of Slow Earthquakes and the Spectrum of Fault Slip Behaviors

Cristiano Collettini (1 hr): Fault strength, reaction softening and the slip behaviour of fluid pressurised experimental faults 

Hugo Perfettini (1 hr): Rate and state friction and the modelling of aseismic slip

Agnès Helmstetter (1 hr): Repeating icequakes and landquakes

David Marsan (1 hr): Seismicity changes to identify slow slip and precursory slip 

Joan Gomberg (1 hr): Science that saves the world - from forefront science to more resilient societies

Monday
8:30: Welcome by organizing committee

8:45 – 10:00: Aitaro Kato “Episodic unlocking of fault leading up to earthquake”

9:45 – 10:00: short talk

10:00 – 10:15: short talk

10:15 – 10:30: short talk

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: short talk

12:30 lunch 

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: short talk

10:15 – 10:30: short talk

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: short talk

12:30 lunch 

13:30 – 16:00 (optional): tutorial “An initiation to the « Pyrocko » seismological and geodetic toolbox” by Simon Daout.
16:00 – 17:00: Jean Schmittbuhl “Induced seismicity: the creep route”

17:00 – 18:00: Greg 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: short talk

18:15 – 18:30: short talk

Evening: barbecue

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

10:00 – 10:15: short talk

10:15 – 10:30: short talk

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: short talk

12:30 lunch 

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: short talk

18:15 – 18:30: short talk

free evening

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

10:00 – 10:15: short talk

10:15 – 10:30: short talk

10:30 coffee break

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

12:00 – 12:15: short talk

12:30 lunch 

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 (TBA)

18:00 – 18:15: short talk

18:15 – 18:30: short talk

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: short talk

10:15 – 10:30: short talk

10:30 coffee break

11:00 – 12:00: Hugo Perfettini “Rate and state friction and the modelling of aseismic slip”
12:00 – 12:15: short talk

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

