A new model found to predict earthquake propagation speed
Press release | November 9th 2020
In an article published on November 9th in Nature Geoscience, Jean-Paul Ampuero and Huihui
Weng, two researchers from Université Côte d'Azur and the French National Research Institute
for Sustainable Development (IRD-France) propose a new model to predict the propagation
speed of earthquakes.
Among the most damaging natural hazards, earthquakes are still today one of the least understood
phenomena in Earth Sciences. Earthquakes happen when rocks on either side of a tectonic fault slide.
The sliding, however, does not occur along the whole fault at once but starts at one point, the
hypocenter, and then spreads over the entire fault at a speed known as the rupture speed of the
earthquake. Geophysicists are particularly interested in rupture speeds because the faster they are,
the stronger the seismic waves and therefore the greater the damage caused.
Seismic models developed so far concluded that earthquakes could not propagate in a stable and
sustainable way at arbitrary speeds. Scientists had therefore determined a forbidden speed range
situated between the speed of P and S waves, the two main seismic waves that propagate through
the Earth. However, progress in the seismological observation of earthquakes has made it possible to
demonstrate that recent earthquakes had actually propagated within the forbidden range. Such was
the case for the 2018 earthquake in Palu, Indonesia, for example, which caused a destructive tsunami.
Uninterrupted rupture speeds due to oblique sliding
To resolve this puzzling inconsistency between earthquake theory and observations, researchers of
the propagation speed of
earthquakes. This feat was accomplished using the high-performance computer
Observatory, one of the participants in OPAL, a shared platform that provides access to all the
computational resources of the region.
The researchers managed to overcome two crucial limitations of the previous models. The first was to
rely on 2-dimensional models, while the Earth is 3-dimensional. The second was to assume either a
horizontal or a vertical direction of sliding, while earthquake sliding can be oblique. By overcoming
these two limitations, they were able to explain why the
are actually admissible.
main challenges in the prevention of earthquakes is to predict their impact. We need to
seize this opportunity to introduce more physics in the evaluation of seismic hazards, which has been
very empirical so far,
provides validated theoretical elements which could ultimately be used to improve the way seismic
risk is evaluated
-Paul Ampuero, seismologist at the IRD.

Left : an earthquake rupture with oblique slip.
direction of slip. The colors on the fault plane show the amount of fault slip at five successive times, generated
by a computer simulation. The slip is limited in depth and sweeps along the fault at a speed called the rupture
speed.
Right : the rupture speeds that large oblique-slip earthquakes can achieve.
This diagram shows how the steady rupture speeds of large earthquakes in the new model by Weng and
Ampuero (2020) depend on the slip-obliqueness angle and on the strength of the fault.
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This study is based on computer simulations of very large earthquakes, carried out in the highoriginal developments in the theory of mixed-mode rupture mechanics. It was funded by the UCAJEDI
Investments of the Future program.

