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SUMMARY

Our study area is a ca 50 km long section of the central-southern Apennines tectonic belt that
includes the Pergola—Melandro basin (PM) and the Agri valley (AV). This region is located
between the areas affected by the 1980 Ms = 6.9 Irpinia and the 1857 M = 7.0 val d’Agri
earthquakes and is characterized by rare historical events and very low and sparse background
seismicity. In this study we provide new seismological and geophysical information to identify
the characteristics of the seismotectonics in the area as the prevailing faulting mechanism and
the fit of local to regional stress field. These data concern focal mechanisms from waveform
modelling and P-wave polarities, analyses of borehole breakouts and detailed investigation
of two seismic sequences. All the data cover a significantly broad range of magnitudes and
depths and suggest that no important local variation in stress orientation seems to affect this
area, which shows a NE-SW direction of extension consistent with that regionally observed
in southern Italy. Such local homogeneity in the stress field pattern is peculiar to the study
area; the variations of orientation and/or type of stress observed in the northern Apennines,
or less than only 100 km toward the northwest within the same tectonic belt, are absent here.
Furthermore, there is a suggestion for a northeastward sense of dip of the seismogenic faults

in the region, an interesting constraint to the characterization of seismic sources.
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INTRODUCTION

Almost one century after the first intuitions of Omori (1909) about
the distribution of the largest historical earthquakes in Italy, and
following the first formulation of the central-southern Apennines
seismogenic belt as a synthetic model of the seismogenesis in most
of'the Italian Peninsula (Valensise ef al. 1993), several contributions
have been provided to associate the large number of major earth-
quakes of the historical record to the small number of observable
causative faults along the belt. These efforts led to the publica-
tion of a series of inventories and compilations of tectonic features
such as active faults (Galadini et al. 2000), capable faults (Michetti
et al. 2000) and seismogenic sources (Valensise & Pantosti 2001).
Furthermore, regions of the Apennines where the lack of large seis-
micity was only due to the scarce historical record were given the
appropriate seismogenic potential as in the Marsica, central Italy
(Pantosti et al. 1996) and Pollino, southern Italy (Michetti ez al.
1997; Cinti et al. 1997, 2002).

A closer look at the tectonic belt reveals evidence that parts of it
have not experienced large historical earthquakes and are bounded
on either or both sides by rupture zones of recent major earthquakes.
Examples include the Mugello area along the northern Apennines,
the Citta di Castello zone in central Italy, and the region south of the
1980 Irpinia Ms = 6.9 earthquake in the southern Apennines. Such
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areas may be the most likely places for the occurrence of a large
magnitude earthquake in the medium term.

Our study area is located in southern Italy between the Irpinia
region to the north and the Calabria—Lucania border to the south
(Fig. 1). This ca 1000 km? vast region is rather peculiar as it includes
the Pergola—Melandro basin (PM), to the north, and the Agri Valley
(AV), to the southeast, showing different seismotectonic interpreta-
tions. Uncertainties in the location of the seismogenic sources along
these depressions are evident (Fig. 1): Michetti ez al. (2000) suggest
a southwest facing normal fault on the eastern side of the AV and
do not recognize any sources along the PM basin; Galadini et al.
(2000) suppose a northeast dipping normal fault along the PM and
state the difficulty to recognize which is the main faulted side of the
AV. Finally, Valensise & Pantosti (2001) envision similar northeast
verging normal faults with different degrees of reliability along the
two basins.

In the study area, the Catalogue of Strong Italian Earthquakes
(Boschi et al. 2000) reports only two large historical earthquakes
(Fig. 1): in 1857 in the central AV (M = 7) and in 1561 west of
the PM (M = 6.5). Other significant events occurred in 1694 (M =
6.9), close to the Irpinia epicenter and in 1836 (M = 6.3), south
of the AV. The plot of the 1981-2000 record of modern seismicity
(Fig. 1) shows dense clusters of earthquakes related to the four main
seismic sequences that occurred in the recent period, namely the
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Figure 1. Historical and instrumental seismicity and tectonic features in and around the Pergola—Melandro Agri Valley region (PM and AV). M > 6.0 historical
earthquakes (black squares) between 461 BC and AD 1997 are from Boschi ez al. (2000). Instrumental seismicity (red dots) recorded in the period 1981-2000
by the RSNC (Italian Permanent Seismic Network) of the INGV and by the most important Italian local seismic networks (CSTI Working group, 1999). Most
of the modern shocks are associated with the four sequences that occurred around the study area. The section in the upper right inset includes the projection
of hypocenters located within a 90 km-wide strip along a ca 160 km-long, S0°NW direction (black thin line on map). Tectonic features in the study area are
modified from Galadini ez al. (2000) (green faults), Michetti ef al. (2000) (brown faults) and Valensise & Pantosti (2001) (blue faults).

Potenza 1990 Md = 5.5 and 1991 Ml = 5.2, the 1996 Irpinia MI =
4.9 and the 1998 Castelluccio Md = 5.5, all localized outside the
study area; sparse seismicity affects the PM basin. The longitudinal
130°N-trending section (Fig. 1) across the map provides evidence
of significantly broad zones almost completely devoid of seismicity
in the central-northern AV; in particular, the major 1857 event is
placed in this latter sector of instrumental gap. Therefore, AV was
hit by a strong historical earthquake but lacks modern seismicity,
and PM is marked by a slightly more diffuse microseismicity but
with no historical event associated with it.

In this paper we present the results obtained following the produc-
tion of new seismological and geophysical data and the revision of
already existing data. To better constrain the direction pattern of the
stress field we provide several new focal mechanisms determined
either by waveform inversion or by P-wave first arrival polarities.
We also study in detail two seismic sequences that occurred in 1996

and 2002 that are representative of the present-day activity. Further
stress direction information is supplied by a number of breakout
analyses. Together, all these data help to identify some characteris-
tics of the seismotectonics in the study area such as the thickness
of the seismogenic layer, the prevailing faulting mechanisms, the
geometry of faults and the fit of local to regional stress field.

FOCAL MECHANISMS FROM
WAVEFORM MODELLING
AND P-WAVE POLARITIES

Focal mechanisms are one of the most important data used to un-
derstand the kinematics of an active tectonic area. The stress field
information we can obtain from these kinds of data are a function
of the magnitude of events.

© 2004 RAS, GJI, 156, 575-583
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Figure 2. Focal plane solutions and breakout data in the study area. Black mechanisms are from the Harvard CMT Catalog, from Gasparini ef al. (1985) and
Cocco et al. (1999). Red mechanisms are from this work: n.1 to n.10 are from waveform inversion of 4.5 < M < 5.2 earthquakes and n.11 to n.24 from P-wave
first arrival polarities of 3.0 < M < 3.7 earthquakes. Numbers and letters correspond to those of Table 1. Coloured bars indicate the minimum horizontal stress
directions from borehole breakout analysis in deep oil wells with colours indicating decreasing well quality (Q): red = B, green = C, blue = D, black = E
(discarded boreholes). Detailed information about each well are reported in Table 2.

For the study region, source parameters of some strong earth-
quakes are already available. In the Harvard CMT Catalog (quarterly
reports in Phys. Earth Planet. Int., see Dziewonski et al. 2001, and
references therein) we discover the focal mechanisms of five events
(Table 1 and Fig. 2, black focal mechanisms). The strongest event
is the well known 1980 Irpinia earthquake (marked with C in Fig. 2
and Table 1), followed by two aftershocks (D and E in Fig. 2). The
other two events are the Mw = 5.7, 1990 Potenza earthquake and
the Mw = 5.6, 1998 Castelluccio earthquake (F and H in Fig. 2).
Apart from the Harvard CMT Catalogue, the only focal mechanisms
available are for two moderate magnitude events occurred within the
study area in 1971 and 1980 (Gasparini ef al. 1985, Table 1). In the
European—Mediterranean RCMT Catalogue (Pondrelli ez al. 2002)
no solutions are present for the study area, showing that moderate
seismicity was absent in the 1997-2001 period. Only recently, on
2002 April 18, a Mw = 4.4 earthquake occurred in the PM zone,
starting a sequence that is discussed in the following paragraph.

Until the present work very few mechanisms of moderate magni-
tude events were available around the PM—AV area. Nonetheless, we

© 2004 RAS, GJI, 156, 575-583

found that the source parameters of a number of events were recov-
erable by waveform inversion because since 1997 a modification of
the Harvard CMT method allows the computation of source parame-
ters also for moderate magnitude events (4.5 > M > 5.5; Arvidsson
& Ekstrom 1998). Instead of body waves, inverted in the standard
CMT algorithm, surface waves are used, having the strongest ampli-
tude at regional and teleseismic distance. This technique has already
been extensively tested (Ekstrom ez al. 1998; Pondrelli et al. 1999;
Morelli ef al. 2000) and is commonly used (Pondrelli ef al. 2002).
For 17 events with a magnitude greater than 4.5 (restricted to 5.0
only for the 1980 Irpinia seismic sequence) all available long period
digital waveforms have been collected at IRIS. Thus, we obtained
source parameters for only 10 of them (Table 1 and Fig. 2), since
waveforms available were often of an insufficient quality to ob-
tain a well constrained moment tensor solution. As expected none
of the new solutions is within the PM—AV zone, but all of them
are in agreement with the focal mechanism of strong earthquakes.
The event n.1 in Table 1 is clearly extensional, as already found by
Gasparini et al. (1985) using only polarities. The events n.2 and 3
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Table 1. Source parameters: fault plane solutions of the study region. Numbers and letters correspond to those of Figure 2. Ref: wi, waveform inversions from
this work; pol, solutions obtained by P-wave polarities in this work; HCMT, solutions from the Harvard CMT Catalogue (http://www.seismology.harvard.edu);
Gas85, Gasparini et al. (1985); Cocco99, Cocco et al. (1999). Epicentral data and M, magnitude for wi and HCMT data are from NEIS, for the others the
magnitude is from INGV Bulletin and the coordinates are recomputed here. Borehole data.

N Date Time Lat Lon Dep M Stril Dipl Slip1 Stri2 Dip2 Slip2 M (dyn*cm) Ref.
A 711129 1849  40.34 15.77 4.0 47 My 203 86 —173 113 82 —4 — Gas85
B 800514 0141 40.46 1585 24 42 My 130 30 -79 120 69 —-94 — Gas85
1 800514 0141 40.46 15.85 24 4.5 My 119 38 —112 326 56 —74 2.23¢23 wi
C 801123 1834 4091 15.37 10 6.9 M, 135 41 —80 303 50 —98 2.47 26 HCMT
2 801124 0024  40.89 15.26 10 S1Mp 131 29 —110 333 63 =79 4.52¢23 wi

3 801125 1706  40.70 15.47 10 51 M 122 30 —119 335 64 —74 3.11e23 wi
D 80 1125 1828  40.65 15.40 10 53 Mg 129 26 —65 281 67 —102 1.51 e24 HCMT
E 810116 0037  40.94 15.37 15 53 Mg 115 30 —93 298 60 -89 8.47 e23 HCMT
4 811129 0506  40.74 15.64 15 49 M 104 41 —138 340 64 —58 7.28 €22 wi

5 820815 1509  40.81 15.36 10 48 M| 158 48 —45 282 59 —128 1.20 €23 wi

6 870128 0533 4095 15.47 10 46 My 160 45 -79 326 46 —100 8.16 €22 wi

7 880108 1305  40.08 16.01 10 4.8 My 148 30 —86 324 60 -92 1.41 e23 wi

F 90 05 05 0721 40.75 15.85 26 5.6 My 184 73 13 90 78 162 5.67 e24 HCMT
8 90 05 05 0738  40.75 15.81 15 5.0 My 282 83 173 13 83 7 2.06 €23 wi

9 910526 1226 40.73 15.77 8 52M; 183 71 -9 276 81 —160 5.25¢23 wi
10 960403 1304  40.67 15.42 10 49 My 111 15 —126 327 78 —81 2.80 €23 wi
G 96 04 03 1304  40.67 15.42 10 49 My 64 25 —140 297 74 —70 — Cocco99
11 96 07 16 1246 40.67 15.38 12.2 34 My 45 45 —130 274 57 =57 — pol
12960717 0905  40.67 15.40 10.5 3.5My 35 55 —140 279 58 —42 — pol
13 960822 0647  40.67 15.39 10.0 3.0 My 115 45 —40 235 62 —127 — pol
14 961019 1443 40.79 15.41 12.8 37 My 70 70 —150 328 61 —-22 — pol
15 9707 15 1049 4048 15.65 7.0 3.1 My 90 75 —120 335 33 —28 — pol
16 971230 0114  40.63 1580 265 3.1 My 230 75 —60 344 33 —151 — pol
17 980426 0538  40.04 15.85 13.8 3.7 My 85 85 —140 350 50 —6 — pol
H 98 09 09 1128  40.03 15.98 10 59 M, 139 29 —83 311 61 —94 3.26 e24 HCMT
18 980924 1918  40.05 15.98 15.1 3.6 My 165 25 —60 312 68 —103 — pol
19 980925 0044  40.02 16.00 13.8 33 My 80 65 —20 178 71 —153 — pol
20 990314 2201 40.03 15.96 14.9 35My 110 85 130 205 40 7 — pol
21 99 04 05 0416  40.05 15.99 10.1 3.6 My 10 85 —170 279 80 =5 — pol
22 990411 0949  40.02 16.01 6.5 3.7 My 65 55 —60 199 44 —125 — pol
23 990721 1356  40.69 15.41 15.4 33 My 135 80 —10 226 80 —169 — pol
24 010221 0136  40.44 15.68 225 3.1 My 55 70 10 321 80 159 — pol

are other aftershocks of the 1980 Irpinia seismic sequence and their
focal mechanisms are in agreement with that of the main shock.
The event n.8 is an aftershock of the 1990 Potenza earthquake. The
event n.9, which occurred one year later, was previously unsolved
because its body waves were perturbed by the waveforms of another
teleseismic event (Ekstrom 1994); by using surface waves, we deter-
mined its source parameters. Both new solutions show a strike-slip
geometry, in very close agreement with the 1990 main shock. The
previously studied 1996 Irpinia earthquake, here with n.10, ruptured
in the epicentral area of the 1980 Irpinia event (Cocco et al. 1999).
Our focal solution has a slightly clockwise rotation compared to
that (event G in Fig. 2) of Cocco et al. (1999), which was computed
using P-wave polarities; however, this rotation may be related to the
different determination methods. The other new solutions are for
less known earthquakes. Most of them show an extensional geome-
try of rupture, confirming the tectonic trend of this area. Only a few
events in the northeastern part of the study area show a strike-slip
rupture.

In a seismotectonic framework where seismicity is scarce or often
characterized by low magnitude, we also consider focal solutions to
be significant for small events. We analysed P-wave first arrival po-
larities for 28 earthquakes with M, ranging from 3.0 to 3.7 occurred
in the region in the period 19962001 (previous seismicity and re-
lated focal mechanisms were already analysed in Frepoli & Amato
2000). A few events are concentrated in two small clusters. The

first one is the previously mentioned 1996 Irpinia seismic sequence
(main shock M/ = 4.9, Cocco et al. 1999), the second one is the
September 1998 sequence of Castelluccio, close to the Basilicata—
Calabria border (Fig. 1). All events show crustal hypocentral depths
ranging between 6 and 26 km (mean error 1.8 km). We obtained 14
fault plane solutions (Table 1) selected on the values of the quality
factors Qf and Qp of the code FPFIT (Reasenberg & Oppenheimer
1985).

Therefore, the total amount of events for which new source pa-
rameters have been computed is 24 (Table 1, Fig. 2). T-axes of all
moderate to large magnitude events show on average a NE-SW di-
rection, also for strike-slip earthquakes of Potenza area. Decreasing
the magnitude, T-axes prevailing orientations range between NE—
SW and E-W. In the framework of the study region, these solutions
agree significantly confirming the pre-dominance of the extensional
regime affecting the southern Apennines.

ACTIVE STRESS FIELD FROM
BOREHOLE BREAKOUT DATA

Several deep wells were drilled by ENI-AGIP SpA for oil explo-
ration in the study area. Breakout analysis performed in some of
them provided useful information about the active crustal stress in
the region, especially regarding depths (from 500 m to about 6000 m)

© 2004 RAS, GJI, 156, 575-583
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Table 2. Details of the results of breakout analyses: well identification number, total depth reached by the borehole, range of the hole
deviation from the vertical, analysed depth interval, breakout zone depth interval, minimum horizontal stress mean direction respect to the
north, standard deviation, well quality. Digital data from the well studied in this paper were analysed using a software by Baker-Hughes.

Well Depth (m) Hole dev. Anal. int. (m) Break. int. (m) Shmin s.d. Q
1 5760 1.5°-5° 5045-5390 5050-5377 59° 11° B
2 4405 8°-18° 33564390 3753-4367 41° 12° B
3 4390 0°-9° 2004064 2307-3723 13° 33° D
4 4722 10°-20° 30234722 3203-4161/4433-4602 29° 25° D
5 3757 0.5°-3.5° 3017-3757 3037-3500 53° 11° B
6 4400 0°-10° 1820-2726 E
7 3862 1°-3° 3138-3862 3153-3776 52° 11° B
8 4090 20-25° 1700-2993 1703-2109 23° 17° D
9 4166 >10° 31634161 3670-3927 43° 22° C

10 4910 0°-7° 42164882 44234638 42° 24° C

11 4203 0°-11° 780-1965 E

between the surface and the seismogenic layer. We reviewed in detail
all the available data from 10 wells previously analysed (Amato et al.
1995; Amato & Montone 1997; Mariucci et al. 2002) and analysed
new data from one well (Fig. 2). A data quality rank was assigned to
each well according to the World Stress Map Project (Zoback 1992),
from A for the best quality to E for no reliable data. Detailed infor-
mation about the breakout analysis are displayed in Table 2. Most of
the breakout zones (five wells out of eleven) are located inside the
carbonatic units of the Inner Apulian platform and in the terrige-
nous Lagonegro units (three wells). Although some boreholes were
analysed from their top at shallow depths, the breakout zones are
at depth, from 1700 m (well 8) to 5380 m (well 1), with prevailing
data in the depth range between 3000 and 4500 m.

Nine wells out of eleven gave reliable mean Shmin directions:
four B quality, two C, three D, and two wells were discarded E. Only
in one case (well 3) the results with lower quality (D) show a main
peak, in agreement with other breakout directions in the area, plus
very scattered data in all directions; in the other wells (4 and 8) there
are two preferential orientations, although they cannot be precisely
attributed to different hole intervals. The two quality C results are
characterized by two Shmin directions (well 9) and data scattering
between a range from NNE to about ENE approximately (well 10).
The best results (wells 1, 2, 5, 7), as can be deduced from the low
standard deviation values, are formed by coherent and very close
directions. Looking at the mean breakout directions in Fig. 2, the
quality D data seem to show a Shmin direction slightly closer to ca
NNE direction with respect to the other directions, clearly ca NE.

A detailed review of stratigraphic sequences drilled by the bore-
holes has been performed, to correlate the geological-structural
setting and Shmin variations along depth. No defined intervals
with breakout rotations, with respect to the general trend, pos-
sibly due to active faults crossing the borehole (as hypothesised
by Mariucci et al. 2002), were found and no further analysis was
possible.

Notwithstanding the different quality, all the data are coherent and
indicate a mean Shmin direction ca NE-SW (range between 13°N
and 59°N), even though data was obtained from different depths
and the different structural units do not seem to influence the re-
sult. These Shmin directions agree with other active stress data
in the southern Apennines, which define a tectonic regime in the
area characterized by a general extension perpendicular to the belt
(Amato et al. 1995; Amato & Montone 1997; Montone et al. 1999).
In fact, the active stress horizontal directions found in this area are
compatible with a normal fault tectonic regime with ca NW—-SE
oriented structures.

© 2004 RAS, GJI, 156, 575-583

SEISMIC SEQUENCE IN
THE STUDY AREA

We focused our attention on the two most significant seismic se-
quences that occurred in the study area during the last 20 yr. The
first one, between 3 April and 12 June 1996, was localized along the
southwestern side of the central AV (Fig. 3).The whole sequence
has been completely reanalysed using arrival times at 27 different
seismic stations that formed a network composed of: six stations
from Italian permanent seismic network (RSNC); three from the
Calabria regional seismic network (all equipped with vertical com-
ponent short period seismometers); twelve digital three-component
stations from the Istituto Nazionale di Geofisica e Vulcanologia
(INGV) mobile network deployed during a monitoring experiment;
and six digital three-component stations installed by INGV during
the Geomodap teleseismic transect experiment (Amato et al. 1998).
Most of the stations were located within 50 km of the shocks. In this
study we used a 1-D velocity model derived by Amato & Selvaggi
(1993) (Table 3) and the code HYPOELLIPSE (Lahr 1980) to lo-
cate the shocks. The events have formal location errors ranging
between 0.5 and 2.0 km for the horizontal coordinates and between
1.0 and 2.5 km for the depth. The sequence data set numbers 50 low-
magnitude events, with 1.8 < Md < 3.4; the spatial distribution of
seismicity during the sequence shows an Apenninic trend along a
NW-SE direction, though most of the events are located within a
distance of 5 km. The hypocentral distribution along a section per-
pendicular to the Apennines chain (Fig. 3) indicates that the shocks
cluster at depth between 4 and 7 km. Although the distribution of
the earthquakes does not allow to fully constrain the geometry of
the fault plane at depth, the seismicity pattern on the SW—NE cross-
section suggests the presence of a ca 50°NE dipping source. We
analysed polarity data and determined focal mechanisms using FP-
FIT code for the strongest events of this sequence (Fig. 3). 11 fault
plane solutions out of 50 events showed good quality factors Qf and
Qp. They are mostly normal fault solutions with a small strike-slip

Table 3. 1-D velocity model used to locate
the shocks of the 1996 and 2002 sequences.

Vp (Kms™') H (Km)
45 0.0
5.7 6.0
6.5 10.0
8.1 30.0

Vp/Vs =1.81
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Figure 3. The 1996 and 2002 seismic sequences. Red dots show earthquakes locations. Green lines (a, b, ¢) are cross-sections showing the hypocentral
distribution. Focal mechanisms n.1 to n.11 belong to the 1996 sequence (parameters in the lower left table). Focal mechanism n.12 is the Quick Regional
Moment Tensor solution (http://mednet.ingv.it/events/ QRCMT/Welcome.html) of the 2002 main shock (source parameters in the upper right table; location

errors: ERH = 1.2 km, ERZ = 0.9 km). Blue triangles indicate seismic stations used to locate the earthquakes.

component, although rather heterogeneous in the T-axis orientation.
Only two are almost pure strike-slip focal mechanisms (Fig. 3, num-
bers 2 and 9). Nine of these solutions show T-axis oriented roughly
NW-SE, while only two solutions (Fig. 3, number 4 and 6) show a
T-axis orientated NE-SW.

Following a 20 yr-long period of scarce and spread microseismic-
ity, on 2002 April 18, a second seismic sequence occurred along the
northern side of the PM basin (Fig. 3). The seismicity distribution
that we present here was obtained exclusively with data from RSNC.
The Mw = 4.4 main shock occurred at a depth of 9 km, and was
followed by a small number of 1.4 < Md < 3.4 aftershocks; the max-
imum location errors are 1.9 km both for the horizontal coordinates
and for the depth except for four events with larger vertical error.
The earthquakes distribution (Fig. 3) is rather concentrated within
3 km distance from the main shock. The hypocenters projected along
two sections (parallel and perpendicular to the Apennines, respec-
tively) show that the mean depths of the shocks range between 4
and 15 km and are, therefore, deeper than those of the 1996 se-
quence (Fig. 3). The limited number of hypocenters does not allow

speculations about the dipping of the structure and, in any case, the
Quick Regional CMT solution in Fig. 3 suggests a prevailing normal
faulting mechanism with a ca NE-SW direction of extension for the
main shock.

DISCUSSION

In this paper we reviewed all existing and recoverable seismological
data and some geophysical data for the studied region. A general
observation that can be made on the basis of these data is that the
pattern of seismicity in the AV and PM areas is characterized by
infrequent major strong events, like the 1561 and 1857 earthquakes,
and by very low and sparse background seismic activity. In par-
ticular, there is no evidence of moderate magnitude (5 < M < 6)
seismicity in the two study areas during the last 25 yr of instrumen-
tal catalogue, whilst M + 5 sequences, like the Irpinia 1980 and
1996, the Potenza 1990 and 1991, and the 1998 Castelluccio, oc-
curred in the surrounding region. An analysis of focal mechanisms
of major seismicity shows that most large and moderate magnitude

© 2004 RAS, GJI, 156, 575-583
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Figure 4. Summary map of all the collected data in terms of minimum horizontal stress orientations. Red bars are T-axes directions from CMT and RCMT
(44 < M < 6.9), blue bars are T-axes directions from P-wave polarities focal mechanisms (3.0 < M < 3.7), green bars are T-axes directions from focal
mechanisms of the 1996 sequence (2.1 < M < 3.0), and black bars are Shmin directions from breakout analyses. 37 directions out of 51 are original from this

paper.

earthquakes are located between 5 and 15 km depth and display an
extensional motion, with the T-axes usually NNE-ENE oriented.
The 1990 and 1991 Potenza events are the only significant excep-
tion to this behaviour, with almost pure strike-slip mechanisms and
greater hypocentral depths (e.g. 26 km for the 1990 event, Table 1;
see also Azzara et al. 1993). However, these earthquakes also show
NE-SW striking T-axes.

Focal mechanisms related to minor seismicity and to the two
recent and most important sequences in the study area (southwest-
ern AV and northern PM, respectively) confirm the tendency to an
extensional regime, though with less homogeneity. Also, borehole

© 2004 RAS, GJI, 156, 575-583

breakout data are completely in agreement with the seismological
data, displaying a persistent NE orientation of Shmin; in addition,
breakout analyses allow consideration of activity of the extensional
regime not only at seismogenic depth (from 5 to 15 km) but also to-
ward the surface where this kind of technique samples the crust down
to about 6 km. Figure 4 is a summary of all new data collected in
this paper in terms of minimum horizontal stress directions, Shmin,
in and around the study area. All the data (11 regional CMT of
4.4 < M < 5.2 earthquakes, 25 other focal mechanisms of 2.1 <
M < 3.7 earthquakes, and 1 new plus 8 reviewed reliable Shmin
directions from breakouts) delineate a seismotectonic pattern that is
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homogeneous in the area and consistent with that of the wider region
of southern Italy. The extensional regime affecting since ca 0.7 Ma
in most of the central-southern former Apennines thrust belt has al-
ready been described by several independent works (e.g. Ambrosetti
et al. 1987; Pantosti et al. 1993; Westaway 1993; Hyppolite et al.
1994; Montone et al. 1999). The analysis of the data in Fig. 4 shows
no significant short scale variations in stress orientation. Also, such
strong homogeneity in the stress field pattern does not show any
variations where it can be expected, such as along the NE-SW strik-
ing transversal structures that connect extensional basins within the
chain. In the northern Apennines, moving eastward from the inner
chain to its outer part, the stress regime changes from extensional to
compressional (Frepoli & Amato 1997). Only a few tens of kilome-
ters NW of the study area, in the Sannio—Matese region, studying a
Md = 4.1 sequence Milano et al. (2004) found evidence of paral-
lel, not perpendicular, extension along the Apennines seismogenic
belt, with a stress regime locally consistent with normal movements
along NE-SW faults. In the region studied here, these variations of
orientation and/or type of stress are absent. These considerations
support the hypothesis that earthquakes expected in the AV and PM
areas would be mostly extensional, with extension in a NE-SW
direction.

Although our data can not conclusively solve the controversy
about the debated question of the dip of the main tectonic structures
(Galadini et al. 2000; Michetti et al. 2000; Valensise & Pantosti
2001) there is a suggestion for a northeastward dipping along the
PM and AV, mainly resulting from the observation of the denser
seismicity distribution along the western sides of these two basins
and from the hypocentral pattern (Figs 1 and 3). These observa-
tions are consistent with recent structural cross-sections based on
seismic lines and deep wells (Menardi Noguera & Rea 2000), with
the modelling of deformed recent geomorphological and geologi-
cal features (Valensise & Pantosti 2001, Burrato and Valensise, in
preparation) and with the damage distribution associated to the 1857
earthquake.
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