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Abstract. This talk is focused on the assessment of the spatio-temporal dynamics and the scaling
characteristics of the seismic activity associated with the volcanic eruption occurred during 2011 in
El Hierro (Canary Islands, Spain). We use tools derived from the concepts of non-extensive statistical
physics and multifractality.
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1 Introduction

Empirical laws are widely used in the description of seispiienomena, especially the Gutenberg-
Richter law which, however, presents difficulties for ewdmiving small and high magnitudes. Sotolongo-
Costa and Posadas (2004) propose a new frequency-magdigidbution (FMD) model derived from
fragment-asperity interaction and the non-extensivéssitz! physics. This model was revised by Silva
et al. (2006), and later refined by Telesca (2011) in the form

N(m> mp) 2—q 1—-q\ /10™
log{ ————Y ) =(=—2)logll1-( —"
g < N 1-q g 2—q az/3
(see also Vallianatos et al. 2013). The constanmtpresents the proportionality between the released
energy and the fragments size, and the non-extensivity parameter. Deviatiorgdfom 1 is interpreted
as departure from equilibrium in the system due to strongjapateractions; in particular, more events
of relative larger magnitude can be expected m&reases (e.g. Telesca 2011). Here, we adopt this model

for fitting to observed data considering a weighting funttitased on the relation between magnitude
and energyp(m) = (eM*/2,

On the other hand, earthquakes are characterized by céstais of scaling behaviour intrinsic to
spatio-temporal dynamics (see, for example, Bak et al. 198fate distributions associated with such
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systems are formally described in terms of multifractal soe@s. Angulo and Esquivel (2014) formulate
a normalized coefficient useful to quantify the degree obeission between marginal components, in
the generalized dimensions domain. We propose here a niens@re form of this coefficient in terms
of the generalized dimensions based on Tsallis entropyiatismuced in the former work.

In this work, we assess possible relational elements of abenarine volcanic eruption occurred
during 2011 in El Hierro island with both the spatio-temparaolutionary behaviour and the scaling
properties of seismic activity before, during and afterTihe geophysics of the island has been widely
studied and it is known that there are three volcanic riftaiad it (Acosta et al. 2005). In particular, we
analyze the epicenter coordinates, time and magnitude aoemps of the earthquake catalogue between
19 July 2011 and 7 January 2012. The main singularities osdhnies are the large number of events
occurred (more than 1000 events in just 173 days) and the fact that a volcanic e involved.
According to Ibafiez et al(2012), the series can be divided into three well-separated spatiporal
clusters.

In the next section, we study the spatio-temporal struttraracteristics and scaling properties of
the earthquake swarm. In the concluding section, we suram#re main results and related interpreta-
tions in connection with the aims proposed.

2 Spatio-temporal analysisof El Hierro volcanic seismicity

21 FMD

We perform three analyses to assess the structural dynahtiesseries by means of the FMD: firstly, we

study the temporal evolution considering data segmentsfixied a number of events (which is chosen
large enough to ensure a good fitting but not too large in daldetect local changes in the behaviour);
secondly, we carry out a spatial analysis evaluating thel Mariations of the estimated parameter values;
finally, we complete the study with the spatio-temporal gsialcombining both methodologies.

Temporal analysis The temporal dynamics of the and g parameters is shown in Figure 1. The
variations ofa are studied in reference to the three phases (referred asAd &) mentioned before. In
addition, we can observe that during the days previous tedleanic eruption great amounts of energy
are released in proportion to the fragments size. As forrpaterq, larger values occur during the
volcanic eruption, indicating that the physical state ithar from equilibrium.
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Figure 1: Estimated values of parameta@ndq over time based on sliding windows (size 300 events)
considering an overlapping of 90 per cent.

Spatial analysis We study the spatial dynamics of the series considering titaenperiod and the three
phases A, B and C. The variations in the estimated valuesrafipetersa andg, depicted in Figure 2,
indicate that, in both cases, the larger values are hightceatrated close to the South rift. In fact,
it is clearly visible that these values are mainly due to &veccurring in Phase B, when the volcanic
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eruption began to be registered. Furthermore, for bothnpeters it is important to highlight that the
most significant changes in the spatial location are aswsacigith the latitude coordinate.
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Figure 2: Distribution of the variation @ andq for the whole period and the three phases A, B and C.

Spatio-temporal analysis Figure 3 shows the variations in the spatial location (lardg and latitude
separately) of the maximum value of the each parametandq, for data segments based on temporal
sliding windows of size 20 days (the last two months are edegiuin this analysis due to the low density
of events). We can see how, as the volcanic eruption is appirag the maximum values obtained for

latitude begin to move towards the eruption location, egffigan the case of parametex Regarding
the longitude there are not significant variations, in cgpoadence with previous results.
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Figure 3: Temporal evolution of the location, for longitudep) and latitude (bottom), associated with
the maximum estimated value of the paramete(ieft) andq (right).

2.2 Dependence analysis

We complete the study with the assessment of the dependehwedn the locations of the events and
their magnitudes. Figure 4 indicates that, in the inteoactX,Y) < M, relevant changes are observed
during the days previous to the volcanic eruption. In pakéc large fluctuations are related to the
interactionY < M, whereas the visible increasing trend is related to theaot®mnX «— M, also with a
significant degree of association between spatial cocebna
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Figure 4: Distribution of the variation of the dependencefficient over time based on sliding windows
(size 20 days), considering an overlapping of 90 per centhidifferent dimensional interactions.

3 Conclusion

The study shows significant changes previous to the volamigtion in the spatio-temporal dynamics,
based on the assessment of structural characteristicscaliaigsproperties of the seismic activity. The
combination of these techniques can be seen as a suitabla tbe continuous monitoring of volcanic
activity.
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