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Abstract

The study of Self-Potential (SP) space and time variations in volcanic areas may provide useful information on
both the geometrical structure of the volcanic apparatuses and the dynamical behaviour of the feeding and up-
rising systems. In this paper, the results obtained on the islands of Vulcano (Eolian arc) and Ponza (Pontine
archipelago) and on the Mt. Somma-Vesuvius complex are shown. On the island of Vulcano and on the M.
Somma-Vesuvius apparatus areal SP surveys were performed with the aim of evidencing anomalies closely as-
sociated to the zones of major volcanic activity. On the island of Vulcano a profile across the fumaroles along
the crater rim of the Fossa Cone was also carried out in order to have a direct relationship between fumarolic
fracture migration and flow rate and SP anomaly space and time variations. The areal survey on the island of
Ponza, which is considered an inactive area, is assumed as a reference test with which to compare the ampli-
tude and pattern of the anomalies in the active areas. A tentative interpretation of the SP anomalies in volcanic
areas is suggested in terms of electrokinetic phenomena, related to the movement of fluids of both volcanic
and non-volcanic origin.

Key words self-potential — volcanology This last experiment provided a reference test
with which to compare the results in the active
areas.

1. Introduction The SP measurements were programmed in

two ways: the first approach was regional and
About four years ago we began a systematic involved areal surveys; the second one was lo-
study of the Self-Potential (SP) field behaviour cal and involved profiles located in particularly

in Italian volcanic areas, in order to obtain in- active zones.

formation on both the geometrical structure On the island of Vulcano we applied both
and the dynamical properties of the volcanic techniques: the first one along circuits crossing
apparatuses. the whole island, the second one along a circu-

The choice of the SP method rests on the lar profile, repeated many times, around the
assumption that it can fruitfully detect space Fossa crater rim. On the island of Ponza and in
and time variations of the spontaneous electric the Mt. Somma-Vesuvius area we performed

polarizations related to low and high-tempera- only areal surveys.

ture fluid flows and, in volcanic areas, to the The regional survey aims at providing a
typical volcanic manifestations, like fumaroles, map of the SP isolines, in order to detect
magma uprising, etc. In particular, we studied anomalous areas to be connected with under-
the active areas of the island of Vulcano (Eo- ground anomalous concentrations of electric
lian arc) and of the Mt. Somma-Vesuvius com- charges. These concentrations are very likely
plex (SE of Naples), and the inactive area provoked by underground circulation of fluids
of the island of Ponza (Pontine archipelago). in porous media and along permeable fracture
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systems, and the physical mechanism can be
explained in terms of electrokinetic phenom-
ena. The importance of this approach is evi-
dent: in fact, knowledge of the structural con-
figuration of the electrokinetic paths may pro-
vide indications about the buried geometries in
the surveyed areas, as well as help understand
the role of both water solutions and magmatic
fluids and their interaction in the deep dynam-
ics of the volcanic apparatuses.

The local profiling aims at monitoring time
and space variations of the local anomalies re-
lated to the volcanic activity in progress in par-
ticularly active zones. An instructive case-his-
tory based on this last approach concerns the
Mt. Etna volcano, where we performed sys-
tematic SP measurements along a profile cross-
ing the narrow fracture system, which opened
on the SE flank of the volcano in September
1989. Details of this study are reported in
Di Maio and Patella (1994).

In this paper, the results of the experimental
research are presented and interpreted on a
qualitative basis in accord with the electroki-
netic model related to fluid movement.

2. Island of Vulcano
2.1. SP areal survey

2.1.1. Data presentation

Figure 1 shows the survey circuitry along
which we performed continuous SP measure-
ments. We adopted a receiving dipole length of
100 m and used copper rod electrodes. The SP
drops were detected one after the other be-
tween every two consecutive positions of the
electrodes (leapfrog technique), after having
reached signal stability conditions. An
HP3478B digital multimeter equipped with an
HP75D microcomputer was used. The adopted
acquisition technique involved averaging a set
of data sampled at a constant time interval over
a period of a few tens of seconds.

The survey was designed in such a way as
to assure at least one common point between
adjacent circuits, in order to evaluate, from the
SP drops across the dipoles, the point by point
SP values.

Fig. 1. Simplified tectonic sketch map, SP areal
survey circuits (dots) and circular profile (circled
dots) on the island of Vulcano.

In order to eliminate drift and/or locally
spurious signals, the close circuits were sur-

-veyed by turning back to the initial point and
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the mis-tie was equally distributed over all
dipolar SP drops. In the case of open circuits,
the SP measurements were carried out in for-
ward and backward directions and for each
dipole the corrected SP drop was calculated by
averaging the forward and backward values.

Taking into account the possible presence of
electrode polarization spurious effects, we
adopted the following procedure to eliminate
them.

Denoting with o and f3 the polarization volt-
ages of the two copper rod electrodes forming
the receiving dipole respectively in sites 1 and
2 along a circuit, the potential drop across the
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VULCANO ISLAND

Fig. 2a-d. Maps of the SP anomalies relative to the arcal surveys carried out on the island of Vulcano. Con-
tour interval is 25 mV. Red lines are positive values. whereas green lines are negative. The black line is the
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zero value. a) May 1991; b) January 1992; ¢) June 1992: d) September 1993.
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dipole, 6V(2,1), is given by the SP drop,

6U(2,1), plus the difference between the polar-

ization voltages of electrodes 2 and 1, viz.
oV(2,1) = 6U(2,1)+B-a. 2.1

If in the next contiguous dipole we alternate
the role of the electrodes, by taking as fixed
the electrode in site 2 and moving to site 3 the
electrode previously in site 1, we have

oV(3,2) = U(3,2)+ - . (2.2)

Supposing now that the SP potential value
in site 1 is equal to zero (the arbitrary refer-
ence value), i.e. U(1) = 0, from eq. (2.1) it
readily follows

UQR)=9ov,H+a-4, (2.3)
which inserted in eq. (2.2), after simple steps,
leads to

U@B) =dV(3,2)+dV(2,1). 24

Iterating this procedure, one can easily de-
duce that all the SP values in the even posi-
tions are affected by the unknown electrode
polarization difference (o — B), while all the
SP values in the odd positions are electrode
polarization-free. Thus, for the purposes of the
analysis, only these last SP values are to be
taken into consideration.

In practice, the point by point SP values in
the island of Vulcano were calculated by at-
tributing the SP zero value to the reference
point denoted by SPR in fig. 1.

For a better visualization of the anomaly
contrasts which characterize the surveyed area,
we preferred to generate a new SP data set, by
subtracting from each value of the previously
calculated set its average value.

Figure 2a-d shows the SP anomaly maps of
May 1991 (a), January 1992 (b), June 1992 (c)
and September 1993 (d).

2.1.2. Data analysis and discussion

From a qualitative point of view, the maps
of fig. 2a-d show the island characterized by a
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low wavenumber regional trend with prevail-
ing «negative» SP values in the northern sector
and «positive» SP values in the south-eastern
sector. Superimposed on this regional trend
there appears a very composite pattern of high
wavenumber local anomalies, the most intense
of which, with sometimes reversed polarity,
are those in the Vulcanello and Fossa crater
areas.

As concerns the Fossa crater area, the rela-
tive variation of the intensity and width of the
two nuclei forming a dipole-like local anomaly
field is particularly evident. This very impres-
sive time evolution of the dipole field surface
signature can be very likely ascribed to an un-
derground convective fluid circulation mecha-
nism.

Another important feature, which is more or
less evident in all the maps, regards the be-
haviour of the isolines in some transition zones
from positive to negative SP values, which can
be readily correlated to the main structural fea-
tures of the volcanic apparatus reported in fig. 1.
Indeed, one can observe very closely delin-
eated the SP counterpart of the southern rim of
the Fossa caldera. Whereas, the positive-to-
negative transition in the south-eastern sector
only in the map of fig. 2d can be ascribed to
the composite south-eastern boundary of the
Piano caldera. Finally, the less evident NW-SE
line marking the sign transition in the south-
western part of the map of fig. 2b would delin-
eate the western boundary again of the Piano
caldera.

The geophysical model we can hypothesize
to explain the general time and space pattern of
the observed SP anomalies is based on elec-
trokinetic phenomena associated with move-
ment of underground fluids through porous
media and along permeable fracture systems.
We hold these phenomena responsible for
anomalous concentrations of electrical charges,
leading to generation of dipole-type electric
fields easily detectable on the ground surface.
For details on the electrokinetic polarization
mechanism and its geophysical consequences,
see Keller and Frischknecht (1966), Mizutani
et al. (1976), Fitterman (1983) and Di Maio
and Patella (1991).

Generally speaking, if the investigated areas
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are not characterized by active dynamics, the
SP measured amplitudes are rather low, rarely
exceeding 100 mV according to our experi-
ence, as we shall see later in the presentation
of the data collected on the island of Ponza. In
actlive areas, instead, the SP amplitudes can be
much higher. We admit that in such cases two
mechanisms can explain strong electrokinetic
effects. One is related to the combined action
of fracturing, due to migration of a magmatic
intrusion or pressurized hot fluids towards the
ground surface, and invasion of the new cracks
with water from nearby reservoirs, as hypothe-
sized to justify the intense SP anomaly field
across an active fracture system running along
the southern slopes of Mt. Etna (Di Maio and
Patella, 1994). The second mechanism is re-
lated to the forces generated by strong temper-
ature gradients, close to hot magmatic bodies
and/or fluids, which provoke water circulation
in overlying porous rocks with possible forma-
tion of convective cells (Di Maio and Patella,
1991).

On the basis of this geophysical model, the
analysis of the maps shown in fig. 2a-d leads
to the following qualitative interpretation. The
long wavelength SP pattern can be correlated
to the existence of a regional polarization field,
whose axis trends NW-SE and which may cor-
respond 1o a horizontal sea-water flow beneath
the island. The local fields, especially the one
of the Fossa crater, are very likely ascribable to
convective water movements, as previously
outlined.

Finally, as regards the SP behaviour around
the Piano caldera rims, the circumstance that
the SP pattern does not always closely conform
to the geometry of the caldera boundaries is
not easy to understand. Different causes can be
invoked in this notably less active sector of the
island, among which, for instance, an increase
in the rain percolation rate and/or of the sea-
water inland invasion flow.

2.2. 8P circular profiling

2.2.1. Data presentation

The local profiling around the Fossa crater,
indicated in fig. | by circled dots, aims at mon-
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Fig. 3. Rectified SP circular profiles carried out on
the island of Vulcano.

itoring time and space variations of the local
anomalies related to the existing fumarolic ac-
tivity, in a depth range from the surface mani-
festations to the shallow buried source zone.

The measuring technique and the method of
data processing are the same as those used for
the SP areal survey. The SP reference zero
value for the repeated profiles is now the point
SPR’ of fig. 1. In this case no further shifting
of the data set was necessary.

Figure 3 shows superimposed the six pro-
files of May, July and September 1991, Jan-
vary and June 1992 and September 1993. In
the figure, for the sake of easier representation,
the circular profile was rectified and the se-
quence ol points corresponds, in the first left-
hand portion, to the route from site SPR’ to
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site CR (see fig. 1), and, in the remaining por-
tion, to the whole route around the crater rim
covered clockwise.

2.2.2. Data analysis and discussion

By observing fig. 3 we point out the pres-
ence of high wavenumber anomalies superim-
posed on a long wavelength anomaly. This last
anomaly (positive to negative from left to
right), apart from different peak amplitudes, is
nothing but a different visualization of the cou-
ple of anomalies shown in the maps previously
discussed, which are concentrated above the
same circuit. Thus, we have confirmation of
this local areal feature also by the profiles of
July and September 1991.

The long wavelength anomaly may be asso-
ciated to a deep electrokinetic effect, which,
considered the high amplitudes, could be very
likely caused by strong pressure and/or temper-
ature gradients, as previously explained in the
discussion of the areal surveys.

The high wavenumber anomalies, instead,
could be correlated with a superficial thermo-
electric phenomenology related to hot fluid mi-
gration toward the ground surface (Fitterman,
1983). A strong temperature gradient is estab-
lished between the open fractures and the sur-
rounding walls, which produces charge dis-
placements and, hence, the formation of an al-
most continuous double layer. In fact, these
anomalies are essentially concentrated along
the left-hand half of the rectified circular
profiling, which corresponds to the sector of
the Fossa crater rim affected by intense fu-
marolic activity with temperatures as high as
700°C.

Finally, looking at the trend of the anomaly
profiles shown in fig. 3, a further aspect de-
serving consideration is the migration of the
high wavenumber peaks and the variation of
their amplitudes. We think that the space varia-
tions of the anomalous SP peaks can be related
to the sealing-opening process of the surface
fractures, whereas the amplitude variation of
the SP peaks may be attributed to changes in
the fumarolic flow rate.
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3. Ponza
3.1. SP areal survey

3.1.1. Data presentation and analysis

Self-potential measurements were also per-
formed on the island of Ponza, precisely in
April, 1992. As previously said, the main ob-
jective was to compare SP anomalies in active
volcanic areas, such as the island of Vulcano,
with those relative to inactive areas, such as
the island of Ponza.

For this reason, we carried out on the island
of Ponza an areal survey with the same mea-
suring, processing and analysis techniques
adopted for the areal surveys on the island of
Vulcano. Figure 4 shows the survey circuitry
covering the whole island. The SPR dot in
fig. 4 represents the zero SP reference station.

PONZA ISLAND

400 m

[y

g
Fig. 4. SP areal survey circuits on the island of
Ponza.
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Fig. 5. Map of the SP anomalies relative to the areal survey carried out on the island of Ponza on April 1992,

Contour interval is 10 mV. Red lines are positive values, whereas green lines are negative. The black line is
the zero value.

185



Rosa Di Maio, Vincenzo Di Sevo, Salvatore Giammetti, Domenico Patella, Sabatino Piscitelli and Carmine Silenziario

Also in this case, for a better visualization of
the anomaly contrasts, the anomaly map shown
in fig. 5 was drawn from the SP data set, gen-
erated by shifting the zero to the average value
of the SP original data set.

Again, from a purely qualitative point of
view, proceeding from north to south, a regular
passage from a positive to'a negative anomaly
is evident, whose relative maxima seem to con-
centrate in correspondence with the extremities
of the Island. This feature of regional character
is not different from the one found on Vulcano,
and it seems associated to a normal electroki-
netic effect linked to the movement of sea-wa-
ter beneath the island. On the contrary, as re-
gards the highest wavenumber anomalies, the
map of fig. 5 presents weak amplitudes and no
significant shapes closely associated to some
volcanic activity, as for the Fossa crater and
Vulcanello areas at Vulcano.

4. Mt. Somma-Vesuvius
4.1. SP areal survey

4.1.1. Data presentation

In the volcanic area of Mt. Somma-Vesu-
vius we carried out SP measurements accord-
ing to the areal survey approach.

The inaccessibility of many zones on the
upper flanks of the volcano and the heavy ur-
banization downhill prevented us using the
measuring technique adopted for the regional
surveys on the islands of Vulcano and Ponza.
Therefore, we chose an alternative technique
consisting in the determination of the electric
field components in the EW and NS directions,
in a set of stations spaced on the average about
500 m (fig. 6). This prospecting, considering
the vastness of the area (about 150 km?) as
well as the remarkable morphological and lo-
gistic difficulties, took about two months of
field work, precisely from June to July 1992.
We adopted a receiving dipole length of 10 m
and used grounded copper-copper sulphate im-
polarizable electrodes.

Figures 7 and 8 show the anomaly maps of
the E, (EW) and E, (NS) components, respec-
tively.
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Fig. 6. Station sites (dots) for the measurements of
the natural electric field EW and NS components in
the Mt. Somma-Vesuvius area.

4.1.2. Data analysis and discussion

Looking at the maps of figs. 7 and 8, we ob-
serve in the southern sector of the volcano the
presence of a large number of high wavenum-
ber positive and negative anomalies, whose
amplitudes sometimes reach very high values
(about 20-25 mV/m). It is also important to
note the wide high-amplitude anomaly distri-
bution in correspondence with the Vesuvius
cone summit. '

Even though the anomaly trend of the natu-
ral electric field components is rather articu-
lated and complex, we give a tentative qualita-
tive interpretation on the basis of the previ-
ously proposed geophysical model.

The asymmetric distribution of the anoma-
lies between the northern and southern sectors
of the investigated area could be attributed to
the gradual vanishing of volcanic activity in
the area of Mt. Somma (northern part) and to
the persisting activity around the Vesuvius vol-
canic apparatus. In fact, the Vesuvius sector,
contrary to the Mt. Somma zone, is still subject
to deep gaseous flows (essentially CO,) and
thermal anomalies (Bellucci et al., 1993).
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Fig. 7. Map of the anomalies of the EW component of the natural electric field (£,) in the Mt. Somma-

Vesuvius area. Contour interval is [ mV/m. With the horizontal axis directed east-westwards, red lines are pos-
itive values, whereas green lines are negative. The black line is the zero value,
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Fig. 8. Map of the anomalics of the NS component of the natural electric ficld (£,) in the Mt. Somma-
Vesuvius arca. Contour interval is 1 mV/m. With the vertical axis directed north-southwards, red lines are pos-
itive values whereas green lines are negative. The black line is the zero value.
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As concerns the high wavenumber negative
and positive anomalies around the axis Bosco-
reale-Camaldoli-S. Sebastiano (see figs. 7 and
8), we can hypothesize the presence of prefer-
ential paths of fluid outflows. In fact, the tran-
sition zones from positive to negative anoma-
lies could indicate the probable existence of
fractures. This hypothesis seems to conform to
the results of hydrogeological and hydrogeo-
chemical researches (Celico et al., 1994; Bel-
lucci et al., 1993) carried out in the southern
sector of the Somma-Vesuvius apparatus.
These studies have delineated the water circu-
lation scheme underground. The relative high
salinity of the waters, the high content in
HCQO;, the areal distribution of CO,, the pres-
ence in water of tracings from deep circuits and
of good indicators of thermal anomalies, like Li
and B, have been interpreted, in fact, as the result
of fluid uprising from the calcareous basement.
The preferential uprising paths seem to be con-
centrated just in the area where we observed the
large high wavenumber anomaly distribution,
that is in the southern sector of the volcano.

The presence of the high amplitude negative
and positive anomalies in the central part of
the maps of figs. 7 and 8, that is in the Vesu-
vius summit area, could instead be attributed to
the local fumarolic activity, and also to the ex-
istence of fractures and deep vents affected by
electrokinetic phenomena related to fluid dy-
namics, as was previously outlined in the dis-
cussion of the Vulcano island results.

Finally, the lack of pronounced anomalies in
the northern sector of the volcanic apparatus
seems to indicate the lack of fluid uprising. This
is also confirmed by the above mentioned hydro-
geological and hydrogeochemical studies. There-
fore, the weak variations of the natural electric
field, observed in this sector, may be associated
to the downflow of the underground waters.

5. Conclusions

Self-potential anomalies observed in three
Italian volcanic areas (islands of Vulcano and
Ponza and Mt. Somma-Vesuvius complex)
have been presented and discussed.
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The proposed geophysical models, essen-
tially based on the electrokinetic mechanisms
related to fluid movements, have permitted the
SP space variations to be correlated with the
geometrical characteristics of the investigated
areas. The SP time variations, observed by rep-
etition of the regional survey and by local pro-
files, besides giving some new information for
a better delineation of the structural setting of
the volcanic complexes, seem to be well corre-
lated with the evolution of the dynamic pro-
cesses, the most important of which for the
generation of SP anomalies are the presence of
sharp pressure and temperature gradients, un-
derground water and gas circulation rate, fu-
marolic outflows, magma bodies and fluids up-
rising and tectonic activity.
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