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The picture can't be 
displayed.

Data:
§ Seismic ambient noise
§ Teleseismic data (if possible/needed)

Objective:
To compute a 4D seismic tomography of the Fogo volcano, characterizing the temporal 
evolution of small short- and long-term perturbations in the properties of seismic-wave 
propagation within the volcanic edifice.
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T6.1. Raw-data quality control.

We will verify the time accuracy of seismic recordings, identify  
gaps, evaluate noise levels of individual seismic stations and assess 
true station orientation. A careful quality control of seismic data is 
essential to guarantee the accuracy of all subsequent data analysis. 
Quality control will be done in close cooperation with the team of 
Task 5.

Carlos Corela, Luis Matias, Nuno Dia, Bolseiro



T6.2. Short-term fluctuations of seismic velocities.

We will compute auto-correlations and cross-correlations of seismic ambient noise 
in order to monitor short-term velocity fluctuations. We will apply both linear- and 
phase-correlation method.

T6.3. Long-term seismic susceptibility.

We will first compute changes in Empirical Green Functions (EGF) before the 
eruption, aiming at imaging the rise of magma inside the volcano in the pre-
eruptive phase. We will then investigate changes in EGF during and after the 
eruption, completing the description of the entire eruption cycle. Long-term 
seismic velocity changes will be compared with the deformation inferred from 
GNSS data (Task 7), aiming at relating variations in seismic velocities with those 
in strain rates.

Graça Silveira, Élèonore Stutzmann, Martin Schimmel (Nuno Dias)



Brenguier et al., Nature Geoscience, 2008

Velocity drops preceding eruptions



T6.4. Shallow crustal structure inferred from ambient noise.

We will determine single-station Rayleigh wave H/V ratios using multicomponent ambient 
noise cross-correlations to map the shallow seismic structure. This technique is very powerful 
to image very shallow crustal structures.
Extra constraints on the seismic structure of the Fogo Island can, if needed, be provided by the 
analysis of H/V from teleseismic events and from Ps and Sp receiver functions. The latter 
requires high-quality records of teleseismic events in the appropriate epicentral distances.

Ana Ferreira, Andrea Morelli, Student
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Figure 8: H/V ratios for different periods (shown in coloured solid circles) compared with
theoretical values for model MAMBo (Molinari et al., 2015a) shown in the outer rings. Black
outer ring means that ellipticity values are greater than 0.6, going up to 2.0 (FAEN station).
The Pearson correlation coefficient between the observations and predictions is shown in the title
of each diagram. The background shows thickness of the Pliocene sedimentary layer according
to model MAMBo.
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Berbellini et al., 2016

Ellipticity of Rayleigh waves in basin 
and hard-rock sites in Northern 

Italy



T6.5. 4D imaging of the volcanic structure.

We will map spatial and temporal variations of seismic properties inside the volcanic
building, based on the measurements obtained in T6.2. and T6.3. Because the
heterogeneous network geometry of Fogo results in an uneven spatial distribution of
dispersion measurements, we will invert the measurements using a transdimensional
Bayesian formulation that performs a fully nonlinear stochastic search for model
complexity, parameter definitions and seismic model. Resulting models will be
interpreted together with the 3D contrast density model (Task 4) in a geodynamic
sense.

T6.6. Local stress orientation and structural fabric.

We will constrain the upper crustal seismic anisotropy from the multicomponent 
ambient noise tomography, providing insights into the local stress orientation and 
structural fabric.

Graça Silveira, Élèonore Stutzmann, Martin Schimmel, Pierre Arroucau, Joana Carvalho
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Distribution of the CV-PLUME 
broadband stations in Brava, Fogo and 
Santiago

10 months ambient noise cross-correlation

Noise cross correlations, stacked every
30 days, with 30 day overlapping.



T6.7. Implementation of the developed algorithms, optimized for real-time 
usage, at INMG headquarters.

Brenguier et al., Nature Geoscience, 2008
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Deliverables:

D6.1. – Guidelines for short- and long-term monitoring of temporal velocity 
changes (M20).
D6.2. – Image of the shallow crustal structure of the Fogo system (M33).
D6.3. – 4D seismic imaging of the Fogo system (M33).


