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14 Abstract
15  Significant changes in the local magnetic field marked the resumption of the eruptive activity

16  at Stromboli volcano on February 27, 2007. After differential magnetic fields were filtered
17  from the external noise by adaptive filters and from the seasonal thermic noise using
18  temperature data, we highlighted step-like changes of 1-4 nT coincident with the eruptive
19  fissures opening in the upper part of the Sciara del Fuoco. The magnetic variations detected at
20 2 stations are closely related to the propagation of a shallow NE-SW magmatic intrusion
21  outside the summit craters area . These observations are consistent with those calculated from
22 piezomagnetic models, where stress-induced changes in rock magnetization are produced by
23 the magmatic intrusion. No significant magnetic changes were observed when the first
24 fractures opened along the NE crater rim. Indeed, the stress-induced magnetization caused by
25  this magmatic activity is expected to be too low because of the structural weakness and/or
26  thermal state of the summit area. The continuous long-term decay characterizing the post-
27  eruptive magnetic pattern was related to a time-dependent relaxation process. A Maxwell
28  rheology was assumed and the temporal evolution of the piezomagnetic field was evaluated.

29  This allowed for the estimate of the rheological properties of the medium, in particular an
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average viscosity ranging between 10'® and 10" Pa-s was achieved involving a relaxation

time t of about 38 days.

Key words — Stromboli Island, magnetic monitoring, piezomagnetic field, stress field

1. Introduction

The Stromboli volcano represents a natural laboratory with its persistent and regular
explosive activity, occasionally replaced by effusive activity and “explosive paroxysm”
(Barberi et al., 1993, Barberi et al., 2009), and the high quality geophysical observations
gathered by monitoring networks. Since the early nineties the volcano is observed by a
ground monitoring system centered on the control of stress and strain releases by use of
seismic and deformation networks (Falsaperla et al., 2003; Bonaccorso, 1998). Hitherto, this
combination has proved poor successful in detecting magma ascent, tracking intrusion and
forecasting the expected sites of lava breakouts in and from the shallow plumbing system.
The 2002-2003 eruptive activity, which was accompanied by a tsunami and a paroxysmal
vulcanian-type event with strong explosions and lava flows (Bonaccorso et al., 2003), has
focused attention on the need to better the knowledge of the volcano internal plumbing system
and suggested an improvement of the existing monitoring system. A progressive upgrade of
the seismic and deformation networks, that were operating at the onset of the 2002 eruption,
and installation of new measurements devices were required. In particular, the systematic
observation of the geomagnetic field time changes at Stromboli may be a useful method to
gather long-term information about ongoing dynamic processes during times of apparent rest
as already proved on volcano worldwide (Zlotnicki and Bof, 1998; Sasai et al., 2002; Del

Negro and Currenti, 2003; Del Negro et al., 2004; Napoli et al., 2008). Stromboli is
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theoretically a favorable site for the observation of volcanomagnetic phenomena. Intense and
nearly continuous release of seismic energy by volcanic tremor and explosions, whose
sources are concentrated at depths shallower than 200 m beneath the summit craters, seems to
be produced by inflation and deflation alternation in the conduits (Chouet et al., 2003). The
sequence of pressurization-depressurization, provides favorable conditions to observe and
characterize piezomagnetic phenomena caused by stress field changes. Moreover, the
presence of a shallow aquifer and large thermal anomalies at its summit (Revil et al, 2004),
supports the possibility that the main paroxysmal eruptions of Stromboli can be related to
phreatomagmatic processes (Finizola et al., 2003). In this case, it is possible that these
eruptions can be preceded by significant thermomagnetic and electromagnetic changes easily
detectable by a suitable magnetic array. On the basis of these evidences a small permanent
magnetic network, for high resolution measurements of the total field, was installed at

Stromboli at the beginning of 2003.

The ability of our magnetic network to detect volcanomagnetic effects was proved during the
flank eruption started on February 27, 2007. The eruption was characterized by the opening at
the northern base of the summit area of a 200 m long NE-SW fissure from which lava coming
out rapidly and reached the sea. Successively, the fissure propagated further downslope,
varying its strike from NE-SW to NW—-SE becoming parallel to the northern rim of the Sciara
del Fuoco, a collapsed sector delimited by a horseshoe-shaped scarp (Neri et al., 2008; Neri
and Lanzafame 2009). The fractures propagation was accompanied by a sharp increase of the
volcanic tremor (Ripepe et al., 2009). The eruptive activity lasted until to the beginning of
April 2007 (Barberi et al., 2009).

We detected significant changes in the local magnetic field at Stromboli when eruptive
fissures propagated outside the summit craters area. Data collected from the permanent
magnetic network are analyzed below and the strategy developed to remove variations no
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related to the volcano activity and enhance signal-to-noise ratios is presented. The magnetic
variations were related to stress redistribution due to a dike emplacement and downslope
propagation, which took place in a few hours. In the following, the physical mechanisms,
which could produce these magnetic field variations, and simple models of the main
structures involved with the eruption are proposed. Finally, post-eruptive magnetic variations
were related to a viscoelastic relaxation process of a Maxwell rheology undergoing in the

volcano edifice.

2. The magnetic network

Taking advantage of the experiences gathered at Mt Etna (Del Negro et al., 2002; Del Negro
and Currenti, 2003; Del Negro et al., 2004), the Laboratory of Geomagnetism of INGV-CT
has designed and has been operating a small permanent magnetic network for high resolution
measurement of the total field at the Stromboli Island since 2003. The present network
consists of 3 continuously recording stations SPL, SPC and SLN (Fig. 1), spread over the
island at elevations ranging between 20 and 500 m a.s.l. (Table 1). The sites were carefully
chosen in areas with low magnetic gradient (less than 50 nT/m). The network was designed
and set up with inter-station distance less than 2 km, so in case of shallow events this would
allow for the direct location of the anomaly source position. Moreover, this layout
symmetrical with respect to the central craters should allow to monitoring the geomagnetic
field over the whole volcanic edifice.

All stations were devised using robust technologic components, which guarantee
uninterrupted working under harsh environmental conditions. They were equipped with
GSM-90G Overhauser effect magnetic gradiometers (resolution 0.01 nT) consisting of two
sensors, oriented vertically above each other at about 50 cm, which simultaneously sample the

Earth’s magnetic field every 5 seconds. Simultaneously with magnetic signal, atmospheric
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and ground temperature are acquired at each station. Data are transmitted via mobile phone to
the Catania Section where are processed and analyzed in near-real-time. A Global Positioning
System (GPS) receiver controls the synchronization of readings. In 2005 one electrical station
was also installed at the same site of SLN to acquire self-potential signals. Through joint
magnetic and self-potential measurements, effects due to electrokinetic phenomena can be
easily distinguished from those due to other sources. A good time correlation between
electrical and magnetic signals could indicate the presence of electrokinetic sources. The
station is equipped with five Pb-PbCl2 pipe non-polarizing electrodes buried at 0.5 m depth.
The measuring dipoles, 50 and 100 m long, are orthogonally oriented along a NS and EW
direction. By this dipole arrangement, noise from electrode instability, rainfall and nearby

sources can be reduced.

3. Magnetic observations from 2005 to 2007

Over the last decades volcanomagnetic monitoring has been playing an increasing role for
improving the knowledge of the geophysical processes preceding and accompanying volcanic
unrest (Zlotnicki and Bof, 1998; Del Negro et al., 2004; Napoli et al., 2008). Volcano
monitoring is concerned with detection of local magnetic field changes attributable to the
dynamics of the volcano’s plumbing system and removal of the geomagnetic field variations
with no geophysical significance. The rapid changes associated with volcanomagnetic events
are usually very small, within 1~10 nT, and must be detected in the presence of considerable
noise produced by natural geomagnetic fluctuations of external origin, which make the
detection of volcanic source effects more difficult and may lead to misinterpret data. In
general, the classical differential technique, based on simultaneous simple differences among
the magnetic field amplitudes recorded at several points on a volcano, is the most frequently

used and reliable method to remove them. In Fig. 2 daily averages of total intensity variations
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from 2005 to 2007 observed at SLN, SPC and SPL stations, relative to the reference station
CSR installed further south (about 100 km) on the Nebrodi Mountains, Sicily, are shown. A
slow and continuous decrease in the magnetic field total intensity was observed at SLN,
which is located in the eastern side of the volcano and it is the station closest to summit area.
SPC and SPL stations, located respectively on the western and southern flanks of Stromboli,
did not show any long-term trends. The total intensity decreased by about 10 nT within 2
years at SLN station. It is possible to suppose that this long-term trend could be related to the
global activity of the volcano. Stromboli, indeed, is an open-conduit volcano characterized by
continuous refilling, mixing and magma eruption (Metrich et al., 2010). Generally, the
magma upraise mechanism involves low energy and not always clear geophysical signals are
observed, however, this uniform eruptive regime may generate quasi continuous magnetic
activity. Much of the volcanic energy, indeed, is dissipate by the very active hydrothermal
system developed in the volcanic edifice of Stromboli (Finizola et al., 2003) and the
circulation of magmatic gases, heat and meteoric water could promote thermomagnetic and
electrokinetic effects. The time-scale of the magnetic change is compatible with both effects
or a combination of them. Moreover, considering the interpretative section of fluid circulation
of Stromboli obtained by Finizola et al. (2003; 2006), SLN is the only station of the network
located above the self-sealing zone of the hydrothermal system very near to the N 40 regional
fault, a structure that significantly contribute to the heat supply of the hydrothermal system.
Therefore, even if the long trend is observed at only one station we favor a more
straightforward explanation in terms of thermomagnetic effects. On this linear trend, an
annual periodic geomagnetic component is superimposed, as well as in the differences of
other stations. It is evident that, even if differencing technique is properly employed,
geomagnetic fluctuations have clearly been observed in the magnetic reduced signals

regardless of the state of the volcanic activity.
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3.1 Data processing

Main sources for natural geomagnetic fluctuations are electric current systems of ionospheric
and magnetospheric origin related to the solar activity. Time variations of the external current
systems produce time-varying magnetic fields that induce electric currents inside the earth by
electromagnetic induction. These induced currents in turn produce time-varying magnetic
fields. At Stromboli the electrical conductivity of the rocks changes over short distances
(Finizola et al. 2006), consequently time changes can vary correspondingly. In addition,
variable induced magnetization, due to large susceptibility contrasts (Speranza et al., 2004),
could locally modify a magnetic disturbance field by an amount up to 5 nT (Davis et al.,
1979, Del Negro et al., 2004). These effects are highlighted at SPC station, where in
correspondence of strong external activity high geomagnetic components clearly appear in the

differences (Fig 2).

To reduce the changes in the difference fields due to contrasting responses at magnetometer
sites, we applied predictive filtering techniques, with the filters giving the relative responses
between the sites. In particular, an adaptive type approach was implemented (Del Negro et al.
2004). taking in consideration that total field differences depend on the direction of the
disturbing field. When the local total field is added to external field and to locally induced
magnetization, different increments appear at each site because of the difference in the
orientation of the local total fields. To remove these variations it needs information in the
direction of the difference vector. We used the three components of the vector magnetometer
of L’Aquila Geomagnetic Observatory (Fig. 3), which is the vector magnetometer closest to
the reference station. Even if L’Aquila Geomagnetic Observatory is about 400 kilometers
away from Stromboli, signals correlate well. The correlation coefficients, calculated between

total magnetic field data at Stromboli stations and L’Aquila observatory from 2005 to 2007,
7
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are about 0.90. In this case, the three component fields of the vector magnetometer at
L’Aquila and the total field at CSR reference station (of Stromboli array) are used to reduce
the data at the two stations (SLN and SPC).

To emphasize magnetic fluctuations a simple linear trend was removed from all the signals.
The residual components, shown in Figure 3, reveal that the high frequency components are
effectively removed at all stations. On the other hand the annual periodic geomagnetic
components are highlighted in all the magnetic sequencesThe amplitude of these annual
changes is about 4 nT at SPL and SLN while it is lesser than 2 nT at SPC.

Cross-correlation analysis in the time domain between geomagnetic signals and temperature
show that these cyclic changes are well correlated with seasonal temperature variations. The
correlation indexes for the different sites range between 0.5 and 0.8 (Table 2). It is worth
noting that the strongest correlation with temperature is observed at SPL that is located in the
southern side of the island where there is the maximum insulation.

Annual variations can occur for two main causes: (i) a thermal drift of magnetometers, or (ii)
slow thermomagnetic processes in shallow rocks. We exclude the first reason because
laboratory test (Leotta, 2007) carried out in the temperature operating range of Overhauser
effect magnetometers, that is from -40°C to +60°C, reveal a thermal sensitivity of about 0.025
nT/°C. Moreover, the temperature range on Stromboli is from +5°C to +40°C. On the other
hand, recent and more accurate studies claim that annual periodic variations in the
geomagnetic total intensity could be caused by seasonal changes in the heterogeneous
magnetization of near-surface rocks due to a diffusion of atmospheric temperature changes
into the ground. Using the method proposed by Utada et al. (2000), the features of annual
variations (AFT) can be quantitatively explained by analyzing field data and examining the
magnetic properties of rock samples from Stromboli Island. By applying this method, the

annual variations can be removed with a simple first order linear filter (Del Negro and



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

Currenti, 2003) Figure 4 shows that the simple linear filtering is effective enough, indeed, the
periodical fluctuations are completely removed at all stations and the changes on February 27

are the only significant ones during the observed period.

4. Magnetic Interpretation

We didn’t detect remarkable variations before February 27, while a step-like variation at SPC
and SLN stations accompanied the opening of the eruptive fissures in the upper part of the
Sciara del Fuoco. The total magnetic field undergoes an irreversible change (Fig. 4).
Continuous self-potential measurements recorded at SLN station show annual fluctuations
likely correlated with ground temperature variations but did not reveal significant variations at
the time of the eruption onset (Fig. 5). Since no remarkable electric field variations were
observed, electrokinetic effects can be disregarded (Currenti et al., 2007). Comparison of the
reduced data with the volcanic events occurring here showed the close temporal
correspondence between the magnetic variations and the quick propagation of the eruptive
fissure from the summit area to the rim of the Sciara del Fuoco. A continuous long-term
decay was also observed after the end of the eruption. Since the beginning of April 2007 the
daily variations of total magnetic intensity with respect to CSR station gradually decreased
within 5 months (Fig. 4). Therefore, the geophysical source which could produce these
magnetic field variations was searched.

The magnetic data gathered at SPC and SLN stations are not dense enough to uniquely
identify the physical process that generated the observed anomalies, however, a preliminary
interpretation is possible by taking into account other available geophysical data.

In the morning of February 27, since 9:13 GMT, the seismic network operated by INGV
recorded an abnormal increase of the number of seismic events related to small landslides on

the Sciara del Fuoco (Barberi et al., 2009). The infrasonic array showed that explosive and
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degassing activity ceased at 10:32 GMT, a couple of hours before the opening of the effusive
fractures. The end of the explosive activity coincided with an intense phase of high-frequency
tremor reaching the maximum amplitude almost 8 h after the explosive activity at the summit
craters had stopped (Ripepe et al., 2009). An initial phase of large ground inflation was
followed at about 11:20 GMT by a gradual inversion of the deformation field (Marchetti et al
2009). However, the images of the video monitoring system of the INGV showed the first
fissure propagating within the NE crater at 12:00 GMT (Barberi et al., 2009; Calvari et al.,
2010), while thermal cameras of University of Firenze and INGV observed the onset of lava
effusion at about 12:49 GMT at the base of the NE crater (Ripepe et al., 2009). The fissure
reached a minimum elevation at about 400 m asl, where a new vent opened at 18:26 GMT.
The opening of this new vent was accompanied by a sharp increase of seismic tremor, a small
inflation/deflation cycle and a strong infrasonic signal (Barberi et al 2009; Ripepe et al 2009).
In Figure 6 the 10-minute means of total intensity from February 24 to March 2 are shown.
The removal of external components by adaptive filtering allows to better estimate the
volcanomagnetic changes. Until 13:00 GMT no significant changes were observed at both
magnetic stations, soon after, the total intensity sharply increased with amplitudes of about 1
nT at SPC and 4 nT at SLN. The variation at the two magnetic sites occurred about ten
minutes after the eruption onset as revealed by thermal cameras. The simultaneity and
proximity in space and time of the observed anomaly argue in favor of a piezomagnetic effect
as the primary physical mechanism driving these transient changes. The variation could have
resulted from stress redistribution in time correspondence with the migration of the effusive
vents and the outpouring lava flows in the upper part of the depression of the Sciara del
Fuoco. To infer the source and provide information on the on-going crustal movement
associated with magma migration, we developed a mechanical model based on the opening

and the propagation pattern of the NE-SW eruptive fissure on the volcanic edifice. We
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presumed that magma pressurized within the central conduit of Stromboli volcano and
laterally propagated along a NE-SW fracture from the base of the summit area up to the
northern rim of Sciara del Fuoco. The interpretation of magnetic data was performed taking
into account the 3D reconstruction of the propagation paths of the dykes feeding eruption
(Neri et al.,, 2008; Neri and Lanzafame 2009) and other geophysical data. The ground
deformation that accompanied the lava effusion suggests a dyke-shaped structure striking
40°N, which is consistent with the position of the effusive vent opened in the Sciara del
Fuoco (Marchetti et al., 2009). Thermal-camera based observations (Calvari et al., 2010)
allowed to assess the direction of two effusive fractures development. The first opened at the
northeastern base of the NE crater and quickly propagating NE, successively the feeder dike
propagated downslope along the NW-SE detachment surface beneath the sliding portion of
the Sciara del Fuoco (Calvari et al., 2010). This is consistent with fractures pattern detected at
the ground surface by Neri and Lanzafame (2009).

The magnetic changes could have generated from stress redistribution due to dike
emplacement and downslope propagation, which took place in a few hours. We employed a
piezomagnetic elastic model, based on the analytical solution in Utsugi et al. (2000), to
estimate the co-eruptive magnetic field change at the earth’s surface. On the basis of thermal
observations, we considered two tensile fractures that are the direct effect of the stress
produced by dike intruding and traveling near-horizontally at shallow depth. The length
(along-strike dimension) and strike of the fracture segments are determined by the field
mapping data (Neri and Lanzafame, 2009) and are listed in Table 3 together with estimates of
rock magneto-elastic properties. The rock magnetization was calculated from surface samples
near the various magnetometer sites (Speranza et al, 2004). The Lame’s constant were set up
to A = pu = 30 GPa giving a Poisson’s ratio of 0.25, a reasonable approximation to the values

estimated in basaltic rocks. Fig. 7 shows the calculated anomaly from the piezomagnetic
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model. The computed values from this model are in good agreement with the observed local
magnetic field data.

It is worth noting that the magnetic field, after the step-like variation remained constant,
supporting the idea that the field is maintained by the stress buildup accompanying the
eruption.

At the beginning of April 2007, when the eruptive activity ended, a decay in the magnetic
field is observed. Significant time-dependent piezomagnetic changes can be expected as a
result of viscoelastic relaxation processes. The influence of post-eruption viscoelastic
relaxation of the crust on the piezomagnetic field can play a role in long-term magnetic
observations. We investigated the piezomagnetic response of dislocation sources embedded in
viscoelastic medium to interpret these time-dependent magnetic variations. The magnetic
changes show an exponential decrease, which is consistent with computed time-dependent
changes in a homogeneous medium with a Maxwell rheology (Currenti et al., 2008). The
viscoelastic solution at the beginning of the decay is identical to the elastic one, which was
used to estimate the dislocation parameters at the eruption onset. Starting from these model
parameters, we evaluated the temporal evolution of the piezomagnetic field (Fig. 8). The
temporal decay of the magnetic variations allows for the estimate of the rheological properties

of the medium. The viscoelastic model based on the analytical solution in Currenti et al., 2008

matches the long-term magnetic variations using a relaxation time 7 =7 of about 38 days,

U
where 1 and p are the viscosity and the rigidity of the surrounding rocks, respectively. For an
average rigidity ranging between 3 and 30 GPa, the estimated viscosity (1)) varies from 10'® to

10" Pa-s.
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5. Discussion

After the end of the 2002—2003 eruption, Stromboli volcanic activity returned to typically
persistent but moderate explosive activity until February 27, 2007 when a new eruption
started. The eruption onset was preceded by significant geophysical parameter changes. In
particular seismic activity and ground deformation showed an abrupt increase, suggesting that
magma arose within the shallow feeding conduit (Barberi et al., 2009; Marchetti et al., 2009)
and then lateral propagated along the main NE-SW tectonic trend that cuts the volcano (Neri
and Lanzafame, 2009). Until 13:00 GMT, no evident changes were detected at all magnetic
stations. Volcanomagnetic signals appear only at 13:00 GMT when eruptive fissures is
opening along the northern flank of the NE crater rim from 11 minutes and when deflation
phenomenon begin since 1 hours and 40 minutes. The lack of an observable piezomagnetic
effect correlated with the initial phase of the intrusive process can be interpreted as evidence
that, by virtue of its structural weakness, the summit area of the volcano can support only
limited stresses, insufficient to permit the development of a significant piezomagnetic
anomaly. Neri and Lanzafame (2009) supposed the new eruptive fractures probably used
preexisting detachment surfaces. Similarly to 2002-03 eruption the fracture systems feeding
this eruption started with a dike intrusion from the summit crater area toward NE. This
appears to be the recurring eruptive dynamics, reflecting a structural weakness of the complex
region surrounding the summit craters (Neri and Lanzafame, 2009). However, this is not the
only possible explanation for any magnetic changes. Considering that Stromboli is an open
conduit volcano with persistent explosive activity, we can assume the summit area is
constantly penetrated by fresh magma, very high-temperature liquids and gases originating
from magma itself. The magma and hot fluids are likely to have penetrated outwards through
cracks and pores to efficiently raise the temperature of the surrounding rocks. The injection of

magma and hot fluids can lead to extensive conductive and convective thermal exchanges,
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which can strongly lower the initial magnetization of nearby large volumes (Yukutake et al.,
1990, Del Negro and Napoli, 2004). Piezomagnetic changes are approximately proportional to
the applied stress and the initial magnetization, therefore no piezomagnetic effects would be
seen in this area, whatever the internal stresses are.

The intrusive dike estimated by magnetic data is very shallow, about 300-350 m asl, in
agreement with the deformation source from Marchetti et al. (2009). However, the extension
and geometry of the magnetic and deformation models are quite different. Magnetic data
interpretation, indeed, indicated the response to a tensile mechanism with an intrusion
crossing the summit area of Stromboli producing two fractures, with a NE-SW and NW-SE
direction respectively, which developed in few hours in the Sciara del Fuoco. This is
consistent both with thermal based observations (Calvari et al., 2010) and fractures pattern
detected at the ground surface by Neri and Lanzafame (2009).

At about 16:30 GMT on 27 February, in correspondence with the increasing of the volcanic
tremor, magnetic changes show a rate increase supporting the hypothesis that the magma
injection was still ongoing (Fig. 6). Indeed, the downward propagation of the magmatic dike
produced the opening of the new eruptive vent at 400 m asl at 18:26 GMT. After 20:00 GMT
no further magnetic variations were observed, and geomagnetic total intensity at all stations
turned almost flat at a new level. While significant magnetic changes were associated to the
opening and the propagation in the upper part of the Sciara del Fuoco of the NE-SW
magmatic intrusion on February 27, the eruptive fractures opened on March 9 in the central
portion of the Sciara del Fuoco did not produce stress-induced magnetic changes, probably
because of the highly fractured nature of this area.

Post-eruptive magnetic changes related to stress relaxation process within the medium were
also observed. Assuming a Maxwell rheology, the proposed piezomagnetic model was able to

fit the temporal variations in the local magnetic field observed during and after the magmatic
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intrusions in the Sciara del Fuoco. The time scale of the magnetic variations involves a
viscosity (1) that varies from10' to 10'” Pa-s. The viscosity 1| values obtained are lower than
most of the viscosity estimates for continental lower crust (e.g.~1019—1020 Pa s; Hearn et al.,
2002; Hearn, 2003; Sheu and Shieh, 2004). On the other hand, the low viscosity values can be
the result of the high temperature field generated by the continuous refilling, mixing and
magma eruption. Moreover, the estimated values at Stromboli are in agreement with those in
Newman et al (2001) where an average viscosity values of about 10'® Pa s was obtained at
Long Valley Caldera through the analysis of long-term deformation observed during period of
unrest. Our study shows up that magnetic observations can also allow gaining insights into
time-dependent geophysical changes and into the rheology of medium.

Therefore, replacing elastic half-space models with more realistic approximations of
viscoelastic rheologies could improve the interpretation of geophysical changes associated
with volcano activity (Currenti et al., 2008). In particular, the relaxation time t inferred by
viscoelastic models provides information about the time decay of the anomaly observed that
could play an important role for the evaluation of a volcanic crisis and the related hazard alert
level. It is worth noting that a viscoelastic half-space is too crude an approximation to
properly describe earth’s crust and the relation between viscosity and depth and material has
to be considered. This may be a rather laborious work, but could make a breakthrough to

further tectonomagnetic studies.

6. Conclusions

The magnetic network at Stromboli Island is aimed to improve the geophysical knowledge on
the dynamics of the shallow plumbing system of the volcano by the study of transients
associated with the modifications within the volcanic edifice of the stress field or of the

thermodynamic state. Although the network is composed of only three Overhauser effect
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magnetometers continuously recording the intensity of the Earth magnetic field, crucial
information about volcanic processes within the shallow part of the edifice was inferred.

Long and short-term variations were clearly observed since 2005 at SLN. The long-term
changes show an abrupt increase of the variation rate from March to July 2006. This period
spans: (i) the unusual seismic activity occurred in the period April-May 2006 (D'Auria et al.,
20006), (ii) the increase in the amplitude of the seismic tremor observed in the period July—
August 2006 (Barberi et al., 2009), and (iii) the inflationary trend revealed by tiltmeters
during the summer 2006 (Bonaccorso et al., 2009). Therefore, magnetic data together with
other volcanological and geophysical evidences provided insights of the anomalous state of
the volcano. The long-term magnetic change cannot be interpreted in term of piezomagnetic
effect, which should be in conflict with the variations observed in the other stations.
Thermomagnetic effect could be the main mechanism responsible of this variation due to the
proximity of the SLN station to the hydrothermal source. On the basis of only one
measurement point, it is not possible to constrain the source parameters. Local magnetic
surveys at SLN as well as installation of a new magnetic station in the summit area could
provide new constraints to identify the position and geometry of the source and to better
clarify the origin of this long-term trend.

Remarkable short-time changes accompanied the eruptive fissure openings during the 2007
Stromboli eruption. Magnetic changes are not synchronous with the beginning of the eruption
at 12:49 GMT, when eruptive fissures opened along the northern flank of the NE crater rim.
In this area structural weakness and thermal conditions provide unfavorable environment to
observe and characterize piezomagnetic phenomena caused by stress field changes. The
piezomagnetic changes were simultaneously observed at both magnetic stations about 10
minutes after the onset of eruption, when eruptive fissures propagated outside the summit

area. They clearly indicated modifications of the stress field within the volcanic edifice due to
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gas overpressure or magma injection or a combination of both (Metrich et al., 2010). A simple
magnetic model allowed us to infer the position and the geometry of the sources, which could
explain the total intensity change. In this case magnetic observations provided valuable

information on what happened at a rather shallow depth beneath the volcano.
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Table

Station Location Latitude Longitude Altitude Acquisition Transmission

SPL P 510407 4291656 25m 5s GSM
Lena

spc Puntadei oy 00t 4204184 160m 55 GSM
Corvi

SLN Liscione 519419 4294516 500 m 5% GSM

Tab. 1 - Magnetic stations of the permanent network of Stromboli

Geomagnetic data Raw data Filtered data
SLN Up-CSR 0.061 0.46
SLN Low-CSR 0.041 0.50
SPC Up-CSR 0.037 0.78
SPC Low-CSR 0.089 0.80
SPL Up-CSR 0.670 0.86
SPL Low-CSR 0.705 0.86

Tab. 2 - The correlation indexes between geomagnetic signals and temperature before and after

removal of the external effects by adaptive filter

Fault X center Y center Depth Length Width Strike Dip Dislocation
(km) (km) (m) (km) (km) (m)
Tensile 42943 518.57 350 0.23 0.7 30°  90° 1.5
Tensile 4294.5 518.56 300 0.1 0.6 -20°  90° 2

Tab. 3 - Summary of fault parameters used in the piezomagnetic model. Magnetization 6 A/m,

Inclination 54.7°, Declination 2.22°, stress sensitivity 0.0001 bar”, and rigidity 30 GPa
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Figure 1 — Schematic map of the 2007 eruptive fractures at Stromboli Island. Locations of magnetic

and electrical stations are shown as well. Inset shows the position of the CSR reference station and

L’Aquila geomagnetic observatory.
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Figure 2 — Daily mean differences of total magnetic intensity with respect to CSR station from

January 2005 to December 2007.
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Figure 4 — Residual components of the daily means of total magnetic intensity after removing (top)

periodic fluctuations by one linear filter. Data from January to December 2007 are shown up (bottom).
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ground temperature(bottom) observed at SLN station from 2005 to 2007.
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highlighted.
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referred to CSR. The computed viscoelastic responses at SLN (orange) and SPC (cyan) well match the




