
Institut für Geophysik 

Geophysikalisches Kolloquium 
Wintersemester 2020/21 

Montag, 16. November 2020 

Prof. Dr. Luca De Siena 

Institute for Geosciences, Johannes Gutenberg University Mainz, 
Germany 

Seismodynamical modelling of lithospheric magmatic systems

Seismic tomography is the state-of-the-art technique for imaging the Earth. When applied 
to magmatic systems, phase- and amplitude-dependent imaging (e.g. travel-time 
tomography or noise interferometry) has shown the potential to broadly resolve 
magmatic anomalies: what is still missing, at least at the lithospheric scale, is a true 
integration of seismic tomography techniques with the complex (geo)dymanics related to 
magmatism. This connection is only possible if seismologists deepen their 
understanding of the dynamics underlying the generation and propagation of seismic 
waves in a medium that cannot be modelled as a standard smoothly-varying continuum.

Here, I show recent advances in tomographic imaging of collisional continental 
structures at the upper mantle scale in SE Asia, with their influence on the distribution of 
magmatic systems. Then, I focus on the latest results of seismic attenuation (amplitude) 
tomography applied to crustal magmatic systems using both coherent waves and the 
stochastic signature of heterogeneities on seismic wavefields. The development of 
sensitivity kernels modeled using a multiple scattering description of seismic wave fields 
improves models of heterogeneous structures and better relates seismic data to 
alternative volcanological observations. The examples provided will span the Cascadian 
Arc (Mount St. Helens), Campi Flegrei caldera (Southern Italy) and Deception Island 
(Antarctica).
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I will then propose simulations of the seismic wave fields in monoclinic heterogeneous 
media, showing how the complexity added to the stiffness matrix is a necessity to 
reproduce seismic observation when waves encounter heterogeneity at depth 
(magmatic sills) and surface (geomorphology). The most significant challenge remains 
to link imaging at mantle and crustal scales with actual rock properties, as done by the 
global-scale community: I will propose experiments and simulations that tackle the 
volcanic rock-sample scale using the appropriate assumptions on the scattering regime 
underlying propagation.

Imaging of magmatic systems will remain uncertain without an improved understanding 
of the physics underlying anisotropy, multiple-scattering propagation and shallow 
heterogeneous interactions. Without these, advanced imaging techniques, as full-
waveform inversions and amplitude interferometry will remain biased, even if coverage 
substantially improves.

Das Kolloquium findet um 16 Uhr c. t. als Zoom-Videokonferenz statt. Der Link dazu wird 
auf der Homepage und per eMail rechtzeitig mitgeteilt.
Alle an dem Thema Interessierten sind hierzu herzlich eingeladen.  
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