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An open-source volcano oriented-GIS
that offers the possibility
to analyze, model and visualise
different volcano-related
available data in a user-friendly
high-resolution visualisation environment.




Why are you developing another
Geographic Information System
when others softwares are available?
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Which is the novelty?
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1. Open source;
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An open project initiated by Ben Fry and Casey Reas.
Supported by programmers like you and the nonprofit
Processing Foundation, 501(c)(3).

© 2012-2016 The Processing Foundation
© 2004~2012 Ben Fry and Casey Reas
® 2001-2004 Massachusetts Institute of Technology
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EARTHQUAKES VISUALIZATION
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Real 3D environment

Guardo and De Siena 2017

“In the case of bedding planes, contours, triangulated irregular network
(TIN) the surface elevation isn't an independent variable, so these
system are best defined as quasi-3D or 2.5D systems, which can accept
only single elevation value for any surface at any given location.”

- A.K. Turner



MARCHING CUBES (MC) ALGORITHM
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First results

Mt. Etna feeding system: S . o _
a new 3D image constrained by earthquakes distribution and 3D modelling analysis in a customizable GIS.
R. Guardo*¢ (rguardo@unrn.edu.ar), A. Colubri®, L. De Sienac, C. Dreidemie®

@ CONICET, Argentina; ) Department of Organismic and Evolutionary Biology, Faculty of Arts and Sciences, Harvard University, Cambridge - USA/ Broad Institute of Harvard and MIT Cambridge, USA;
© School of Geoscience, University of Aberdeen, UK; ¢ Laboratorio de Visualizacion Grafica y Codigo Creativo, Universidad Nacional de Rio Negro, Argentina.

Constrain the feeding system of Mt. Etna using the 3D earthquakes distribution integrated with an experimental GIS: “VolGIS”

Data, Method and Analysis

A low seismicity volume is visible
when plotting the hypocenter
distribution recorded at Mt. Etna
between 2000 and 2016.

To constrain the low seismicity volume we used the marching cube (MC) algorithm, commonly

used in medical imaging and computer graphics, in the framework of a novel volcano-oriented GIS
(VolGIS).

How does MC works?

Given a point cloud and a grid, the contribution of each point in the cloud to the vertices of the grid is computed using an
inverse of the distance dependency. This result in a scalar field defined over the grid vertices i, by adding up all the cloud
1
points j: W(] Z TG A threshold value T is chosen to assign: 1 to each vertex in the grid if W(i) > T, 0 otherwise.
- dG.

We select three datasets, depending on the earthquake localisation error (ERH and ERZ) obtaining
high-seismicity patterns that maintain their shape and position when using the MC algorithm.
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Results and Conclusions

The high-seismicity bodies correspond to a high-Vp body (P-wave velocity of about 6 km/s)

detected by all the tomographic studies performed at Etna since 1998 (in the figures we use the
maps of Alparone et al. 2012).
J

&>

Both the bodies and the aseismic volumes
located west of them are interpreted as a
portion of the feeding system, where the
rocks pass from a brittle fracture to a plastic
deformation system. The clusters highlight a
sliding plane with a dip angle of ~30° (mainly
located below the Valle del Bove area).

Given their shape and position,

an interpretation in terms of magmatic
intrusions confirms their implications for the
flank instability, proposed by previous
authors (e.g. Murray et al. 2018).

We conclude that the MC algorithm supports an interpretation beyond the resolution of
tomographic imaging, which is often affected by irregular sampling and interpolation process.
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Mt. Etna feeding system:
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Constrain the feeding system of Mt. Etna using the 3D earthquakes distribution integrated with an experimental GIS: “VolGIS”

Data, Method and Analysis

Results and Conclusions
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METHOD

To constrain the low seismicity volume we used the marching cube (MC) algorithm, commonly
used in medical imaging and computer graphics, in the framework of a novel volcano-oriented GIS
(VolGIS).

How does MC works?
Given a point cloud and a grid, the contribution of each point in the cloud to the vertices of the grid is computed using an
inverse of the distance dependency. This result in a scalar field defined over the grid vertices i, by adding up all the cloud

1
points j: W(i) = Z aa A threshold value T is chosen to assign: 1 to each vertex in the grid if W(i) > T, 0 otherwise.
; j




ANALYSIS

We select three datasets, depending on the earthquake localisation error (ERH and ERZ) obtaining
high-seismicity patterns that maintain their shape and position when using the MC algorithm.
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FUTURE IMPLEMENTATIONS

* Create a module to import the shapefile;
* Integration tomography codes (i.e. Qc, MuRAT, LOTOS);
» Ash dispersion model (ATLAS) 3D — 4D.

We are looking for collaborators!

If you have ideas or suggestions, please
send an email to volgis@robertoguardo.eu



