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ABSTRACT

When studying seismicily in volcanic areas it is appropriate ta treat the seisimic source
in a form a prior: not restricted to a double couple, since its mechanism may reflect not
only small scale tectonics but also fluid dynamics. The monitoring of fluid dynamics can
be, therelore, attempted from the retrieval of the rupture processes. To determine the
son double-couple compoucnts of the seismie source it is not possible to use standard
methods, based on the distribution of polarities of first arrivals.

Our new methoed is based on the wave form inversion of the dominant part of the
seisiograms, where the signal (6 noise ratio is very large, and allows us the inversion of
the full seismic moment teasor. This tensor is decomposed into a volumetric part (V),
representing volume changes, a compensated Hnear vector dipole part (CLVD)}, represent-
ing lenticular crack activations accompanied by fluid motion, amd a double couple (DC)
part, representing dislocation movenients. The point source approximation is used, and
this is justified by the relatively small size of the events that usually occur in volcanic ar-
eas. In the inversion, the hypocentral depth and the structural model in whicl the waves
are propagating are not fixed a prioni, and each moment tensor component can vary in
time, independently from the others; it is, therefore, possible to extract the source time
mnetion, even if the mechanism changes i tine.

The results of a pilot study i the Phlegracan Fields (Sonth Italy) are presented. Most
of the seismic activity charactenizing Uns avea is represented by events with relatively low
magnitude, in the range from 1 to 3, which can be recorded only by local networks, When a
seismic crisis occurs, usually in connection with bradyseism, the uumber of these events is
very large, therefore it is possible to extract from them statistically significant information
about the local stress field, and to study in detail the evolution in time of the seismic
moment tensor. The application of the new inversion method is particularly appropriate
in this area, where the reconstruction of the geometrical part of the moment tensor with
the standard methods is generally unreliabile, since the low number of recording stations
available, and the high level of noise, makes extremely difficult, if not impossible, the use

of the polarity of the first arrivals.
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This waveform inversion method allows us to reconstruct, analysing
the dominant part of the seismic signal, both the mechanism and the
time history of the seismic source. This is done without constraining
the mechanism 1o be a DC.

Event if we are dealing with a quite noisy area (natural and man
made), the method allows us to analyze quite low-energy events
{M<3) for which, in the frequency interval considered {maximum
frequency 10Hz), the point source approximation can be used.

The seismic poinl source can be mathematically represented by the
seismic moment tensor, M(t), which is a 3x3 matrix. The ground
motion compenents u,(1) (k=1,2,3) can be written convolving the
following elements: the seismic source, i.e. Mj(t); the structural
response to sources represented by elementary dipoles with the time
dependence given by a 3-function, Gy j(t); the transfer function of the

recording instrument, Ry(t). Formally, it can be written:

3
0 (D=2 Mij(H) * Geglt) * Rilt) il

ij=1

For a seismic source it is reasonable to consider monotonous time
funcion Mjj(1) with an asymptote, i.e. the time devatives of this
function, Mij(l), are non-zero in a limited interval only. These time
derivatives of the moment tensor components are therefore more
convenient for the parametrization than the functions M;(1)

themselves, and it is advantageous to write {1] as:

3 .
u(=3, M0 * Hesift) * Ru() [21

hj=1

where  Hyj(t) are the responses of the medium to sources
represented by clementary dipoles with the time dependence given

by a Heaviside function.
STRUCTURAL MODEL

The post-caldera activity began 35000 years ago with the
parossistic  eruption of the Campanian ignimbrite (sub aerial and
chaotic tuffs, followed again by wifs of submarine environment and
local pyroclasts) (Rosi and Sbrana, 1987).

The P-wave velocity distribution has been defined, down to a depth
of 3.5 km, using the dala recorded inside the Pozzuoli Gulf during a
high-resolution reflection seismic survey (Mirabile et al., 1989). From
this depth and down to the Moho (about 26 km), deep seismic
soundings data have bheen utilised (Ferrucci et al., 1989). For the
upper mantle, the average velocity deduced from surface wave
dispersion measurements has been used (Calcagnile and Panza, 1981).
The density mode! has been defined from well measurements and
gravimetric inversion (AGIP, 1987), while the  distribution with
depth has been taken as the variable structural parameter in the
definition of the structural interpolation range (Sileny’, et al, 1992).

The extreme structural models vsed in the inversion are Pozzl
(Panza et al., 1993) where the shear-wave quality factor Qg is fixed
equal to 100 in the crust and to 200 in the mantle (Qp=2.2Q5), and
Pozz2, which has been obtained from Pozzl by varying only the

values of the quality factor Q (see Table 1, and Figure 1), in the

superficial layers.
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is obtained by multiplying right-hand side of [3] with the time

integral of f{t):

(4}

From the value of Mp it is possible to obtain the moment-magnitude
M, following the relation given by Hanks and Kanamori (1979),
M. =2 logio Mo - 10,7, if Mp is expressed in dynecm, or its

3

equivalent, My =% logio My - 60, (Panza et al, 1993), if My is
3

expressed in N m.

The value of M, can be compared with the duration magnitude My
that we have computed for all the events for which sufficiently long
records are available 1o us, using the formula proposed by Esposito et

al. (1986) for the P.F. area:

My =24+ 007) logT- (2.1 + 0.031} (5]

A summary of these computations is given in Table 1V.

From the source time functions of the event occurred on 20 March
1984 (see N.11 in fig. 2), we can note that the energy release can be
divided in two well defined phases: the first energy release occurs
around 0.3 s (Fig.5D) and it is due to the deviatoric component of
the source moment tensor; the second energy release (Fig. 5E) has a
large V component, which characterizes the late part of the whole

energy release.

This event, with a large V (explosive) component (30%), seems to
start with a deviatoric component, which originates (see Fig. 5 F(f) and
G(f)) a swrike-slip focal mechanism with a small part of inverse dip-
slip. The inverse dip-slip part becomes bigger with increasing time
and the V component dominates towards the end of the process (see
Fig. 5 F(a) and G(a)). Even if some caution must be taken when
interpreting the final energy release dominated by the V component,
since it can be generated by structural inadequacy (Sileny’, et al,
1992), the simultanecous presence of V and inverse dip-slip
component in the source reveals a possible process of expansion of
fluids subsequent 10 the dislocation.

The total seismic moment deduced from the inversion is
Mg=0.08 10'2Nm. and consequently M, =1.2 and My = 1.0,
while if two separate events are considered we have
Mo=0.0310!2Nm and Mg = 0.05 102 Nm, respectively for
the first and the second event, the corresponding M, being, in the
order, 1.0 and 1.1

The event shown in Figures 6-7 occurred on 31 October 1986 in the
area facing the Pozzuoli harbour (event N.20, Fig.2), The
hypocentral depth estimated, using the P-waves arrivals, 1.9 km, is
comparable to the hypocentral depth obtained from our inversion (see
Table 1V},

The source time function is characterized by a dominant energy
release, distributed over a time interval of about 1.0s (see
Figs. 6 CF-DF and 7 CF-DF). Another energy release, smaller than the
first, occurs at about 1.8s. The V component is very low during the
whole process.

The comparison between the source time functions of the events

N. 11 and N.20 (whose epicentres are very close each other),
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time, even when a limited number of records is available. This is
particularly important since most of the seismic activity
characterizing the studied area is represented by events with
relatively low magnitude, in the range from 1 to 3. When a seismic
crisis occurs, usually in connection with bradeysism, the number of
these events is very large, and our method gives the possibility to
study the seismic moment tensor of three all of them and, therefore to
extract statistically significant information about the local stress field.

In comparison with already existing similar approaches, the method
presents the following main advantages; 1) the information about the
focal mechanism is obtained utilizing a very small number of records,
ie. a mimimum of four station is sufficient, resolving in this way the
problem, frequently present, of the unavailability of a very dense
local network: 2) the focal mechanism is determined from the
inversion of the dominant part of the seismogram and not only from
the inversion of single phases of the seismogram. This is particularly
important in volcanic areas, where the high level of noise makes
extremely difficuit, if not impossible, the correct reading of the
polarity of the first arrivals and the isolation of single phases;
3) it allows to vary the structural model and the source depth during
the inversion, reducing the effect of the structural inadequacy and of
a wrong hypocentral location on the retrieved focal mechanisms and
source time function.

Even if the retrieved percentages of non-DC components can be
affected by structural inadequacy, it is possible to detect real changes
in time of these percentages, by analysing events with very similar
epicentral locations. The monitoring of the time variation of the non-
DC component (CLVD and V components} can be used to monitor

possible fluid motion, which can be a precursor to eruptions.
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TABLE 1

Thickness of the layer{s) {(km} Qs O
Structure Pozzl

24.45 100 220
Mant le 200 440
Structure Pozz/

2.90 50 110
20.60 100 220
Mant le . 200C 440

TABLE Il

16

station Geophone Magnification Pericd Damping Latitude Longitude
iden;ific type (mv/em- s ) (s} ratio 140°N) [14°E)
W 03 Wisconsin 3658 0.7 _0.18 50.77° 05.17"
W 04 Wisconsin 3658 0.37 0.18 50,11 05.03"
W 10 Wisconsin 3658 ¢.17 G.18 46,69 05.37
W11 Wisconsin i6%8 . 0.77 | 0.18 _49.286" 07.25"
W_ 12 " wiscensio ighd 0,37 ] DB 49.60" 08.69"
W14 Wisconsin | Y 4..78" 0%.9%0"
iy U. L ...49.51" 0%.84"
W 3 o 51.14° 05.89"
Wz Wisionsin o o : 50,47 07.67"
TABLE III
Staticn Geophone agnt Ll at von T Period - Damping Latitude Longitude
identifis Type (Vieme s 3] ratin (50°N) 114°E)
y - i
——— - e -
ST 47 s 13 | k) i NV 80 19.46" 04.40"
ST 08 S 13 16 1.0 80 51.14° 05.89"
ST 11 S_ 13 1B 1.0 BO 47.82° 09.63"
ST 13 5 13 4 1.0 80 50.47" 08.28"
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FIGURE CAPTIONS

Fig. 1: Structural models, for the Phlegracan Fields, used in this

study.

Fig. 2: Seismographic network and epicentral distribution: W
followed by a number indicates the stations we have considered to
study the 1984 events, ST followed by a number indicates the station
considered to study the 1986 evemts, open circles indicate 1984

epicentres, full circles indicate 1986 epicentres.

Fig. 3: Event of March, 18, 1984 (number 7 in Table IV}, data and
base functions have a maximum frequency of 5 Hz. AF): Real data:
continuous line; synthetic data: dashed line. The identification of each
station and the values of the maximum amplitudes expressed in
mVolts are given in the figure. BF) The continuous line represents the
time dependence of the six elements (FI,...., F6) of the first time-
derivative of the seismic moment tensor; the dashed line represents
the time dependence of their deviatoric part. CF) Common shape of
the six elements of the first time-derivative of the moment tensor. DF)
Deviatoric part of the first time-derivative of the moment tensor. EF)
The V part of the first time-derivative of the moment tensor is shown,
FF) Focal mechanisms associated to the complete seismic moment
tensor; (a) indicates the average mechanism which characterizes the

entire energy release, while (f) indicates the mechanism obtained

19

from the "first significant peak" chosen, indicated with (%) in part C of
the figure. GF) Focal mechanism corresponding to the deviatoric part
of the seismic moment tensor. In parts FF) and GF) of the figures the
shaded zores indicate areas of compression and white zones areas of
dilatation; the two great circles identify the best DC (Jost and
Herrmann, 1989) consistent with the inversion, and full circles

indicate positive P-waves polarities, while open circles indicate

negative P-wave polarities.

Fig. 4: Event of March, 18, 1984 (number 7 in Table IV); data and
base functions have a maximum frequency of 10 Hz. The figures are

indicated with the letters from A} to G). For the description, see Fig. 3.

Fig. 5: Event of March, 20, 1984 (number 11 in Table 1V); data and
base functions have a maximum frequency of 10 Hz. The figures are

indicated with the letters from A} 10 G). For the description, see Fig. 3.

Fig. 6 Evemt of October, 31, 1986 (number 20 in Table IV) data and
base functions have a maximum frequency content of 5 Hz. AF) Real
data: continuous line; synthetic date: dashed line. The identification of
each station and the values of the maximum amplitudes expressed in
Volt are given in the figure. BF) The continuous line represents the
time dependence of the six elements (F1,....., F6) of the the first
derivative of the seismic moment tensor; the dashed line represents
the time dependence of their deviatoric part. CF) Common shape of
the six elements of the first time-derivative of the moment tensor. DF)
Deviatoric part of the first time-derivative of the moment tensor. EF)
The V part of the the first time-derivative of the moment tensor are

shown. FF)} Focal mechanisms associated to the complete seismic

20
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PHLEGREAN FIELDS

Fig.2
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