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GEOPHYSICAL RESPONSES
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WAVE PROPAGATION
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GRAVITY & DEFORMATION
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PLANETARY AND SPACE PHYSICS
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PLANETARY AND SPACE PHYSICS
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GEODYNAMICS
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GEOPHYSICAL RESPONSE TO (WHAT?)
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GEOPHYSICAL RESPONSE TO (WHAT?)

Date: 20180103
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GEOPHYSICAL RESPONSE TO (WHAT?)
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This is a seismogram.

A time series of a few 10s of seconds duration, sampled at =100 Hz and representing sources
of elastic waves produced down to 10 Hz.

Seismologists have long used the arrivals of seismic phases to do tomography; however, they
have now learned how to use the rest to achieve better results.
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WHAT WE CAN DO WITH THEM

WswW ENE

in the Apennines. : . Sa

42.50°

42.00°N

60 European lithosphere %,',;" Adria lithospl =
DVp (%) %, 3
80 T T ¥
DVp/Vs (%)
-5 0 5 - £
| — ] , - % g
-10 -5 0 5 10 .. ol =+
DVp (%) = i
== { =z
3
0 ¢

Depth (km)
& B
41.50°N

-3
=3
L

1250°E 13.00°E  13.50°E  14.00°E  1450°E  16.00°E 1250°E 13.00°E 13.50°E 14.00°E 14.50°E  15.00°E

DVp/Vs (%)
80 - - — o B =
-150 -100 -50 0 50 100 150 0 0.005 0.01 0.015 0.02 -0.18 s -0.09s 0s 0.09 s 0.18s
Total attenuation (Q) Peak-delay (PD)

Pre-sequence (2013-2014] Pre-sequence 2013-2016)
— - = B —
A R it & e BDIHE e
: L Gran 'SassoThrustqh_
r’ﬁ—-‘b .__..r =" o:;_.{z‘;:#“h:,c = —-—': [w]
ot T —— =% M, o : — s 1
fl- = = -r_'.:’-"- 3 —‘,‘:Td = — E——
gt -t (10 =
b g S g a5
—a _—
~
Sequence (2016-2017) Sequence (2016-2017)
h N_ e A N S |11 1L
NS W - - i
A .52?%';3? ~x, g b AT j.ﬁg}j}g; -

G3rar 53350 Thivs -
£ l___htE.. -

_ T . T 0

oy - - - .
-3 5 ey el g o
: i > » z T 58
4 i e - r =
g, e {@_,._x S T e i ]
s\ . < - q 3
r\.j - e e B - 3“, |1“
- " e
e | " * ""‘-\..,f'
E s _,_r""
= e
Al Péi DeaTy Tepagrcphy (M
d 142 0 02 04 w0 500 2500
J . . .

Napolitano et al. 2023 Gabrielli et al. 2023



WHAT WE CAN DO WITH THEM

Seismic tomography in volcanic regions.

Vargas et al. 2017, Sci Rep.
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ROCK PHYSICS
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SEISMIC ATTENUATION, SCATTERING AD ABSORPTION TOMOGRAPHY
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THE STEP CHANGE: COLLABORATIVE CODING

MuRAT - Multi-Resolution seismic Attenuation
Tomography

MuRARN

Contributors 10

AN L
&R

Deployments 126

@© github-pages 3 weeks ago

+ 125 deployments

Languages

® MATLAB 100.0%

MuRAT (De Siena, L., https://github.com/LucaDeSiena/MuRAT/tree/master). open-source Matlab package for seismic scattering, absorption and
attenuation tomography.



THE NAVIER-CAUCHY EQUATION

The equation of motion for an elastic, linear, homogeneous, isotropic medium:
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where u is the displacement, p the density, (A, u) the Lamé constants, and f
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the force.
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SEISMIC WAVEFILEDS

Depth
Pinch | Continental crust
Mohol0Okm | Manu-Marfo et al. (2019)
EPcrust Molinari and Morelli (2011) 1o P ———
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- — : ___—_-_-._.ﬁm‘h_ Nardoni et al. 2023, Surveys in Geophysics




SEISMIC NOISE
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BRINGING ALTERNATIVE IMAGING TO THE APENNINES: SEISMIC NOISE AND

TELESEISMS

Surface-wave tomography
using ambient noise and
teleseismic earthquakes.

Joint inversion of Rayleigh and
Love phase velocities using
ambient noise, teleseismic
earthquakes with adaptive
parametrization.

Transdimensional Bayesian
inversion for shear-wave
velocities optimized with a
reversible-jump Markov chain
Monte Carlo sampling.

Beigllim{dfdgriniiiet ah Q022phttpd0/1pypi.org/project/seislib/): open-source modular, automated Python package for surface-wave tomography.



ALTERNATIVE IMAGING: SEISMIC NOISE AND TELESEISMS
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CAMPI FLEGREI: A TYPICAL CASE STUDY

Campi Flegrei

“...located along a NE-SW transfer zone connecting NW-SE : % .AT.CQE}
regional normal faults. Volcanic activity along such NE-SW .
trend would be induced by the subvertical dip of the transfer

faults.” - Acocella et al. 1999, JVGR
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CAMPI FLEGREI: A TYPICAL CASE STUDY
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CAMPI FLEGREI: A TYPICAL CASE STUDY
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CAMPI FLEGREI: A TYPICAL CASE STUDY
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Much of our deep understanding of the present-day caldera depends on this work!



JOINT INTERPRETATION OF GEOPHYSICAL RESPONSES: DOES THE SILL FIT?
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FITTING DATA: INSAR, SEISMICITY
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Alfitude (m)

THERMOMECHANICAL SOLUTION

Walter et al. in preparation

Boris Kaus [ Untitled project

LaMEM

C [

<> Source

Clone

LaMEM - Lithosphere and Mantle Evolution Model A parallel 3D numerical code that can be used to model various thermomechanical geodynamical processes such as mantle-lithosphere
interaction for rocks that have visco-elasto-plastic rheologies. The code is build on top of PETSc package and the current version of the code uses a marker-in-cell approach with a staggered
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SENSITIVITY ANALYSIS

Walter et al. in preparation.
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PHYSICALLY-DRIVEN IMAGING AND INTERPRETATION

Walter et al. in preparation.
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PHYSICALLY-DRIVEN IMAGING AND INTERPRETATION

Walter et al. in preparation.
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Tomography
(Yellowstone, Huang et
al. 2015)

Modelling
(Reuber et al. 2018)

GEODYNAMICS FROM GEOPHYSICS
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LITHOSPHERE AND MANTLE EVOLUTION MODEL

B LaMEM Boris Kaus [ Untitled project

LaMEM

Source 1 ; ; ; ; ; :
il LaMEM - Lithosphere and Mantle Evolution Model A parallel 3D numerical code that can be used to model various thermomechanical geodynamical processes such as mantle-lithosphere

c it interaction for rocks that have visco-elasto-plastic rheologies. The code is build on top of PETSc package and the current version of the code uses a marker-in-cell approach with a staggered
ommits

finite difference discretization. A range of (Galerkin) multigrid and iterative solvers are available, for both linear and non-linear rheologies, using Picard and quasi-Newton solvers (provided
through the PETSc interface)




GEOPHYSICS FROM GEODYNAMICS

Yellowstone magmatic system
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THE MEDITERRANEAN SEA
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PREVIOUS HYPOTHESES

The hypothetical pattern of mantle convection presently active in the Mediterranean
(Faccenna et al. 2014).
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DEVELOPMENT OF CONVECTION CELLS
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Three convection cells develop, one in the middle of the slab and

two along its edges. The temperature of the slab gradually
increases towards the outside.




CONNECTION TO GEODYNAMICS: WAVE EQUATION

OpenSWPC -- An Open-source Seismic Wave
Propagation Code

OpanSWpPC

Corresponding Author: Takuto Maeda

Description Nardoni et al. 2023, Surveys in Geophysics
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This software simulate seismic wave propagation by solving equations of motion with constitutive equations of Y

elastic/viscoelastic medium by finite difference method (FDM) under message passing interface (MPI)

environment in 3D and 2D (P-SV or SH) media.
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Finite difference, velocity-stress formulation includes source description and ol
velocity fluctuations;
Testing the effective sensitivity to structural boundaries depths, velocity variations -

and source characteristics using recordings of the Amatrice earthquake; T e

Topography (km)



CONNECTION TO GEODYNAMICS: WAVE EQUATION

iy OpanSWPC
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CONNECTION TO GEODYNAMICS: WAVE EQUATION

iy OpanSWPC

Testing source rise times
(Model 1.3)
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CONNECTION TO GEODYNAMICS: WAVE EQUATION
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iy OpenSWPC

Testing sediment covers set:
a) at 2 km (blue) or from Molinari and

Morelli (2011- red, Model 2);
b) Asin Model 2 for lower velocities.
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ALL GEOPHYSICAL RESPONSES IN REAL TIME

Geophysical Model Generator

Creating consistent 3D images of geophysical and geological datasets and turning that into an input model for
geodynamic simulations is often challenging. The aim of this package is to help with this, by providing a number of
routines to easily import data and create a consistent 3D visualisation from it in the VTK-toolkit format, which can for
example be viewed with Paraview. In addition, we provide a range of tools that helps to generate input models to
perform geodynamic simulations and import the results of such simulations back into julia.

n

n

4,

OO —~—=NNWW

Topography (km)

GMG (Kaus et al. under review, https://github.com/JuliaGeodynamics/GeophysicalModelGenerator.jl
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