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Abstract: Earthquakes are described and modeled as a dynamically propagating shear rupture along 

a fault within the Earth’s crust sustained by a stress concentration near the rupture front. The shear 

stress concentration near the crack tip determines the available energy flow sustaining the rupture 

propagation as well as the energy dissipated during rupture advance. A remarkable progress has 

been achieved in recent years in earthquake dynamics thanks to laboratory experiments, numerical 

simulations supported by innovation in High Performing Computing, and theoretical models. 

Nonetheless, the interpretations of dynamic rupture propagation during an earthquake still rely on 

conceptual frameworks, and they are basically model dependent. Moreover, earthquakes are natural 

phenomena occurring on geological faults, which are characterized by heterogeneity of fault zone 

materials (frictional, rheological properties), complexity of fault zone geometry and structure, and 

non-linearity of the involved processes governing dynamic failure. This is corroborated by the 

complex spectrum of fault slip behaviors observed in natural faults implying that different governing 

processes, acting at different spatial scales, characterize earthquakes on geological faults 

determining energy dissipation and the mechanics of earthquake ruptures. In this seminar I will 

discuss theoretical models and laboratory experiments aimed at constraining the constitutive laws 

governing shear stress evolution on natural (geological) and experimental (laboratory) faults. 

Dynamic weakening characterizes the stress release and the energy dissipation during dynamic 

rupture propagation. However, the processes governing dynamic weakening on geological faults are 

diverse, acting at different spatial (mm to km) and temporal (0.1 to 1000 s) scales, and they cannot 

be described by a single conceptual model. The different processes interact and compete in 

characterizing dynamic weakening and shear stress evolution. I also highlight the limitations of using 

average descriptions of the shear stress evolution (e.g., as a function of slip), which are effectively 

based on point source representations. Although they are useful to speculate on the earthquake 

energy budget including radiated energy in the slip weakening plot, they do not account for the 

complexity of dynamic rupture propagation on geological faults, and they provide a rather generic 

and holistic interpretation of rupture propagation and arrest. This calls into question the scale 

dependence of seismogenic processes and the limitations of a deterministic description of the 

seismic source resulting from the difficulty in understanding and reproducing the interactions 

between the various processes that govern dynamic weakening. This opens the door to the 

description of complex systems, with the implication that dynamic weakening cannot be predicted 

by studying individual processes at a given scale. In this seminar, I will also address another 

important limitation regarding the collection of data and direct observations close to the earthquake 

source discussing natural and human-induced earthquakes presenting the results of the ERC-
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Synergy FEAR project. The Fault Activation and Earthquake Rupture (FEAR) project aims to activate 

a natural granitic fault zone within the Bedretto Underground Laboratory for Geosciences and 

Geoenergies in the Swiss Alps (BedrettoLab). The goal is to induce seismic events of approximately 

magnitude Mw ~1.0 on a 100-meter scale enabling the observation and study of earthquake rupture 

phenomena in a natural setting from unusually close distance on an exceptionally well characterized 

fault zone. In particular, I will discuss the dynamic rupture propagation of induced earthquakes with 

the goal of understanding the spontaneous rupture arrest and the implications for anthropogenic 

hazard. 

 

Bio: Massimo Cocco is a Director of Research at the Istituto Nazionale di Geofisica e Vulcanologia, 

sezione Seismology and Tectonophysics, Rome. His research interests are focused on the physics 

of earthquakes and faults. More specifically, his work deals with earthquake dynamics and fault 

interaction, seismicity patterns and fault frictional properties. He is interested in both theoretical 

studies and observational researches. He has interests in all aspects of the mechanics of earthquake 

and faulting from observations of natural faults through geophysical and geological measurements 

to experimental faults at the laboratory scale. His expertise also covers the management of seismic 

networks and monitoring research infrastructures. He has coordinated the Preparatory Phase and 

is presently coordinating the Implementation Phase of the European Project named EPOS: 

European Plate Observing System. Its mission is the long-term integration of research 

infrastructures for solid Earth Science (www.epos-eu.org). 
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