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Abstract

This paper describes the Southern APennines Tomography EXperiment (SAPTEX) temporary array deployed in
Southern Italy from June 2001 to December 2004. Five to twelve three-components seismic stations, all equipped
with RefTek 72A07 digitizers in continuous mode recording and Lennartz 3D/5 s sensors, were operating in the re-
gion during the four-year project. Many local, regional and teleseismic events have been recorded at 30 different
recording sites, providing an invaluable data set for high-resolution seismological studies. Moreover, by the second
half of 2002, some stations were installed in the Aeolian Islands with the main objective to record and better con-
strain the spatial distribution of the deep seismicity of the Southern Tyrrhenian subduction zone. The preliminary
analysis of the waveforms collected in the first two years includes phase identification and body wave arrival time
estimation, local earthquakes (re)location and focal mechanisms computation, P-wave traveltime residuals, and res-
olution of crustal and upper mantle structure derived by teleseismic ray sampling.

Key words passive seismology — temporary array —
crustal and upper mantle structure

1. Introduction

In recent years the deployment of temporary
passive arrays has contributed to improve our
knowledge of the structure of the Earth’s interior
significantly. In Italy, linear arrays of ten to fif-
teen mobile stations have been deployed across
the Apennines in the framework of the Geo-
ModAp project (Amato et al., 1998). For these
experiments, the first of this kind ever carried out
in Italy, seismometers were deployed for 3-4
months during the summers of 1994, 1995, and
1996 along three ~250-km-long lines from the
Tyrrhenian Sea to the Adriatic Sea. The 1994
transect was installed in the Northern Apennines
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from Corsica to Mt. Conero. The 1995 transect
was deployed in the Central Apennines from the
Tyrrhenian coast north of Rome to the Tremiti Is-
lands in the Adriatic Sea. Finally, the 1996 tran-
sect crossed the Southern Apennines from the
Cilento to the Apulian region. The GeoModAp
temporary arrays were carried out to collect new
data for refining the existing tomographic mod-
els, studying the anisotropy in the crust and upper
mantle, and inferring the Moho geometry
through teleseismic receiver function analysis
(Margheriti et al., 1996; Ciaccio et al., 1998).
The SAPTEX array was planned with the
main goal to better resolve the crustal and upper
mantle structure beneath Southern Italy. In this
region the paucity of permanent seismic stations
is still remarkable, thus preventing high-resolu-
tion tomographic studies, precise hypo-central
determination, and detailed definition of the lith-
osphere-asthenosphere structure. Focusing on
these objectives we proposed a long-term (at
least two years), passive experiment with instru-
ments capable of recording weak signals, such as
teleseismic waveforms, as well as high-dynamic
range signals from local and regional earth-
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quakes. The collection of a more complete and
evenly distributed, high-quality data set is partic-
ularly important for reducing the uniqueness and
resolution problems encountered when imaging
the deep structure of the region. Recent tomo-
graphic studies have shown that this structure is
rather complex, especially in the uppermost
mantle where a possible along-strike discontinu-
ity in the inferred Apenninic subduction has been
detected (Amato et al., 1993; Lucente et al.,
1999; Cimini and De Gori, 2001; Cimini, 2004).
Indeed, between approximately 40°N and 42°N,
the clear high-velocity anomalies delineating the
subducted lithosphere beneath the Northern
Apennines, to the north, and the Southern Tyr-
rhenian subduction zone, to the south, become
weaker or even disappear in the first ~200 km.
The seismic structure is furtherly complicated by
the presence of pronounced low-velocity zones,
reconstructed below the Central-Southern Apen-
nines and the adjacent pery-Tyrrhenian area from

the Moho down to at least 150 km depth. They
indicate hot, probably partially melted, asthenos-
pheric material in front of the Adriatic slab. As
proposed by Cimini and De Gori (2001) and Ci-
mini (2004), this asthenospheric upwelling
might have promoted a faster termal assimilation
of the downgoing continental lithosphere. The
configuration of the SAPTEX passive array is
potentially suitable for a high-definition map-
ping of the transition from the oceanic subduc-
tion beneath Calabria and Southern Tyrrhenian
Sea to the complex continental collision/subduc-
tion in the Southern Apennines.

2. The temporary array

Figure 1 shows the distribution of the record-
ing sites occupied by the SAPTEX array (circles)
and the National Centralized Seismic Network
(RSNC, squares) in Southern Italy. The deploy-

Fig. 1. Locations of the permanent and temporary seismic stations operating in Southern Italy in the period
June 2001-December 2004. White squares are the permanent, mostly short-period, stations of the Istituto
Nazionale di Geofisica e Vulcanologia (INGV) seismic network (RSNC). Circles are the temporary three-com-
ponent stations deployed for the SAPTEX passive array during 2001 (1), 2002 (2), 2003 (3), and 2004 (4).
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Fig. 2a-d. Operating history of the temporary stations during the four-year deployment (a-d). Station SX02 lo-
cated in Central Calabria has operated continuously from June 20, 2001 to January 7, 2004 (932 days).
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ment of the portable digital seismographs started
at the end of June 2001. The first ten temporary
stations (the 2001 array) were placed mostly in
the Apulia and Basilicata regions, with the aim to
reduce the large instrument spacing (~70 km)
among the permanent existing stations. During
2002, nine new recording sites were added to in-
crease the station coverage. Two stations of the
2002 array, SX15 and SX18, were in the Aeolian
volcanic archipelago, on the Stromboli and Ali-
cudi Island, respectively. These locations, al-
though quite noisy (see fig. 4), were chosen to
better constrain the hypocentral determination of
the intermediate and deep seismicity characteriz-
ing the Tyrrhenian slab (Frepoli et al., 1996). The
geometry of the passive array has been furtherly
improved by the 2003 and 2004 field programs
that included eleven subsequent recording sites
mainly located in Calabria, Aeolian Islands, and
in the southern part of Apulia (fig. 1). The oper-
ating history tables shown in fig. 2a-d report de-
tails on the recording time interval and perform-
ance of the temporary stations in the data collect-
ing period.

For each station we installed a 24 bit RefTek
72A07 digitizer, a three-components Lennartz
3D-5 s sensor (LE-3D/5s) with natural frequen-
cy and damping of 0.2 Hz and 0.70, respectively,
a hard disk with capacity of 1, 2 or 4 Gb, two 70
Ah-12 V batteries, and two 45-Watt solar panels
in sites where electrical power was unavailable.
A GPS antenna provided the absolute timing for
the recording. Digitizers were set to operate in
continuous mode recording, with unitary pream-
plifier gain and sampling rate of 50 sps to record
both teleseisms and local/regional seismicity.
For the output, we adopted record lengths of
3600 s (hourly files) and compressed data for-
mat, which required changing the 1-Gb hard
disks about once a month at the noisiest stations
(e.g., volcanic sites). At 50 sps, the amount of un-
compressed raw data produced by each station is
about 52 Mb/day. Figure 3 shows the station site
and some components of the portable instrumen-
tation installed at SX08, in the Southern Apen-
nines (see table I for the location).

The frequency response of the LE-3D/5 s ex-
tended band sensors (velocity response flat from

Fig. 3. Photographs showing the station site SX08 (Pietrapertosa) located about 25 km SW the city of Potenza.

Table 1. Description of the SAPTEX sites.

Station code Site Latitude (N)  Longitude (E) Elevation (m) Geology
SX01 Castrocucco 39.99380 15.81556 665 Calcarenite
SX02 Timpagrande 39.17936 16.75829 810 Granite
SX03 S. Giovanni a Piro 40.04109 15.45744 585 Calcarenite
SX04 Castel del Monte 41.07758 16.27273 529 Limestone
SX05 Rocca Cilento 40.29556 15.05511 682 Conglomerate
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Table I (continued).

Station code Site Latitude (N)  Longitude (E) Elevation (m) Geology
SX06 S. Chirico Raparo 40.19924 16.07590 968 Sandstone and marl
SX07 Barisci 40.84924 16.32098 469 Conglomerate
SX08 Pietrapertosa 40.52148 16.06124 1077 Feldspatic sandstone
SX09 Craco 40.37643 16.44330 367 Clay
SX10 Picciano 40.69913 16.47064 481 Clay and marl
SX11 Minevino Murge 41.06109 16.19586 598 Limestone
SX12 S. Sosti 39.66635 16.00190 588 Dolomitic limestone
SX13 Venosa 40.96438 15.82344 460 Conglomerate
SX14 Montalto Uffugo 39.37976 16.10046 990 Schist
SX15 Stromboli-S. Vincenzo  38.80264 15.23423 125 Basaltic lava
SX16 Quasano 40.95423 16.54832 520 Limestone
SX17 Pietragalla 40.73605 15.84764 870 Marl
SX18 Alicudi 38.53381 14.35637 156 Basaltic lava
SX19 Rossano 39.57064 16.63017 433 Phyllite
SX20 Celeste 38.26031 15.89393 694 Amphibolitic schist
SX21 Isola Capo Rizzuto 38.99696 17.15433 152 Sandstone
SX22 Cassano allo Jonio 39.78891 16.30720 473 Dolomitic limestone
SX23 Stromboli-P. Labronzo ~ 38.80988 15.21803 165 Basaltic lava
SX24 Crotone 39.01600 17.16438 166 Sandstone
SX25 Massafra 40.64908 17.11090 431 Limestone
SX26 Carovigno 40.71468 17.79966 43 Limestone
SX27 Senise 40.17409 16.36029 298 Clay
SX28 Specchia 39.94845 18.27091 203 Limestone
SX29 Vulcano 38.39664 14.96412 159 Basaltic lava
SX30 San Severino Lucano ~ 40.01356 16.14173 924 Conglomerate

Fig. 4. Observed background noise PSD at SX02,
SX06 and SX18. Shown for each station are the three-
components noise level derived from nighttime data rec-
ords on January 10, 2003. The spectra are presented in
units of decibels referred to 1 (m/s*)*/Hz as a function of
frequency. The new USGS high- (red line) and low-noise
(blue line) models (Peterson, 1993) for land stations are
shown for comparison. Due to the RefTek anti-aliasing,
digital low-pass filter, the spectra show the characteristic
steep rolloff between the filter corner frequency (20 Hz)
and the Nyquist frequency (25 Hz). At frequencies less
than about 0.1 Hz the instrumental noise dominates.
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0.2 to 40 Hz, decaying with 40 db/decade below
the natural frequency) and the chosen sampling
rate of 50 sps allowed the recording of weak
ground motions in the frequency band between
about 0.1 and 20 Hz. In this band, the main
sources of seismic noise are the sea (marine mi-
croseismic band 0.05-1 Hz ), the wind, cultural
noise, and the site tectonics. Noise spectra for the
SAPTEX stations were estimated by averaging
the Power Spectral Densities (PSD) of 36, 100 s-
long, ground acceleration samples. In order to
have a smoother spectral estimate, each PSD was
computed as mean value over geometrically
spaced frequency (Cimini er al., 1995). This
smoothing method preserves the integral of the
power spectrum. The spectral amplitudes were
corrected for the instrumental response. Figure 4
displays the PSD estimates for the quietest
(§X02), a good (§X06), and a noisy (SX18) sta-
tion of the SAPTEX array. At station SX02, the
high frequency noise level is close to the expect-
ed instrumental noise. The noise level at SX18,
located on the westernmost island of the Aeolian

archipelago (fig. 1), is affected by both the near-
ness of the sea and the volcanic setting.

3. Waveform analysis and preliminary results

The following subsections show examples of
seismogram analysis and some initial results
obtained by merging the data collected by the
SAPTEX array during the first two years of de-
ployment with the data recorded in the same pe-
riod by the permanent stations of the RSNC lo-
cated in Central-Southern Italy (fig. 1).

3.1. Example of seismograms

Figure 5 shows the seismograms of the Octo-
ber 31, 2002 Molise earthquake recorded at the
closest operating station of the SAPTEX array.
Station SX13, near the city of Venosa, was locat-
ed about 111 km SE (backazimuth 316°) from
the epicentral area. At this distance, the crustal

Fig. 5. Three-components ground velocity recording of the October 31, 2002 Molise earthquake at SX13.
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Fig. 6. Unfiltered seismograms (vertical components) of a teleseismic event (P phases) that occurred in the re-
gion of North Atlantic ridge (epicentral distance =53°, backazimuth =270°, depth =42 km). The first breaks on
P and sP arrivals are marked with the vertical bars. The Earth’s surface reflected phase sP is observed, more

clearly on the SAPTEX recordings, after about 17 s.

structure of the ak135 velocity model (Kennett
et al., 1995) predicts Pg, Pn and Sg, Sn phases
with very similar arrival times, as indicated on
the plot. The My 5.4 Molise earthquake was the
strongest event that occurred in the Southern
Apennines during the experiment. The most im-
portant local events that occurred within the tem-
porary network were the April 13, 2002 M, 3.3
and the April 18, 2002 M, 4.1 earthquakes, both
located in the Basilicata region. A complete
study of the diffuse, low-magnitude seismicity
recorded in this region and adjacent areas in the
last five years is currently in progress. The re-
sults obtained by analizing the local earthquake
data for the period 2001-2002 are discussed in
Frepoli er al. (2005) and, for some selected
events, are presented in Section 3.2.

The continuous recordings have been care-
fully examined also for phase identification and
arrival time picking of regional (3°<A<15°) and
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telesesimic (A>30°) events. The digital wave-
forms of over 5000 Pn and Sn phases were col-
lected from events with magnitude M=4.0 locat-
ed all around the Mediterranean Sea. With these
data we expect to provide insight into the lithos-
pheric mantle structure through Pn velocity and
Sn attenuation tomography studies. For the tele-
seismic tomography component of the project
we have selected so far 214 M,,=5.5 earthquakes
distributed around the globe. Source backaz-
imuths are primarily from the northeast quadrant
and west directions, with a few events arriving
from the south. Figure 6 shows the seismograms
of a North Atlantic ridge event recorded at 25
stations of the integrated network. The P-wave
arrival times were estimated by visually correlat-
ing the waveforms in the early part of each seis-
mic trace (the first two-three cycles) and picking
the first break of the wave train. Special attention
was paid to the reading of core phases PKPdf,
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Fig. 7. Seismograms of the December 30, 2002 slump episodes that occurred at Stromboli Volcano in the Scia-
ra del Fuoco area, on the northwestern side. The landslides were recorded at station SX15 installed at the INGV-

San Vincenzo Observatory.

most often made difficult by the close arrivals of
the more energetic PKPbc or PKPab phases, and
of later arriving phases such as pP and sP from
deep earthquakes and core reflected PcP. This
analysis yielded a set of 5859 picks of first ar-
rivals (P and PKPdf), and 569 picks of later ar-
rivals (pP, sP, PcP, PKPbc, etc.). Although these
secondary phases are not as easy to identify as
first arrivals, they are worth searching for. Al-
ready a limited number of them can greatly im-
prove the ray coverage within the target volume,
reducing the incidence-angle gap between direct
rays (Cimini and De Gori, 1997).

Finally, fig. 7 displays the seismic signals
produced by the landslides that occurred at
Stromboli volcano, Aeolian Islands (fig. 1), on
December 30, 2002, recorded by station SX15.
This location was very fortunate being in the near
field only ~2 km from the Sciara del Fuoco area
where the events took place. The ground veloci-
ty seismograms show two main high frequency
episodes, about 500 s from each other, character-
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ized by similar aspect and duration (~300 s).
Other trains of pulses with shorter duration and
lower amplitude are recognizable in the coda of
the main event, possibly indicating the occur-
rence of minor, further mass detachment epi-
sodes. On the basis of a waveform modeling
study recently carried out (Pino et al., 2004), the
first event has been interpreted as due to a sub-
marine slump, associated with the observed
tsunami, while the second would represent the
signal of the following subaerial landslide.

3.2. Relocation and focal mechanisms
computation of some Southern
Apennines earthquakes

In order to estimate the improvement in the
location and in the focal mechanisms computa-
tion of earthquakes in Southern Italy using the ad-
ditional data from the SAPTEX passive array, we
selected three events that occurred in the Basili-
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Fig. 8. Map showing location and focal mechanisms for three Southern Apennines earthquakes. Also displayed
are the RSNC and SAPTEX seismic stations used for the analysis.

Table II. Layered velocity model and Vp/Vs ratio
adopted for location and focal mechanism computa-
tion.

Velocity (kms™) Top of layer (km)
4.5 0.0
5.7 6.0
6.5 10.0
8.1 30.0
VplVs 1.80

cata region: the March 24, 2002, M;2.8 (00:11
UTC), located in the lower Agri valley, the April
13, 2002, M, 3.3 (17:04 UTC), and the M, 2.5
(20:28 UTC), both located in the middle Basento
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valley. All three events were recorded by both the
RSNC and the SAPTEX networks (fig. 8). For
the hypocentral relocations we used the comput-
er program HYPOINVERSE (Klein, 1989), and
the Amato and Selvaggi (1993) 1D velocity mod-
el with a Vp/Vs ratio of 1.80 (table II). This value
was selected in the range 1.75+1.82 testing the
location errors. The fault plane solutions were
computed using the FPFIT code (Reasenberg and
Oppenheimer, 1985).

The hypocentral parameters determined for
the selected events by using only RSNC data and
with both RSNC and SAPTEX data are shown in
tables III and IV, respectively. The horizontal and
vertical errors (ERH and ERZ) are simplified er-
rors derived from the lengths and directions of
the principal axes of the error ellipsoid. Reloca-
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Table III. Hypocentral parameters, magnitude, azimuthal gap, number of P and § readings, rms, and location
errors for three Southern Apennines events computed using data only from the permanent stations of the RSNC

network.

Date Ot Lat Long Depth My Gap Nph Rms ERH ERZ
24/03/2002  00:11:02.58  40°13.92  16°30.65 39.6 2.8 157 7 0.18 14 9.3
13/04/2002  17:04:47.70  40°35.00 16°24.08  14.1 33 78 20 038 09 1.7
13/04/2002  20:28:08.25  40°34.16  16°24.78  22.7 25 136 7 032 1.6 6.4

Table IV. The same as in table III with the computation performed by using data from both the permanent sta-
tions and the temporary stations of the SAPTEX array.

Date Ot Lat Long Depth  M; Gap Nph Rms ERH ERZ
24/03/2002  00:11:02.27  40°14.59 16°32.17 474 2.8 159 20 034 1.3 1.8
13/04/2002  17:04:47.74  40°33.94 16°26.13  24.0 33 96 28 041 0.8 0.6
13/04/2002  20:28:08.07  40°33.71 16°28.09  27.3 2.5 101 21 032 13 0.5

tions with only RSNC data show ERH smaller
than 1.6 km, while ERZ are quite a bit larger,
ranging between 1.7 and 9.3 km (table III). Gen-
erally, using only the RSNC data, the hypocen-
tral depth shows the largest uncertainty among
the hypocentral parameters. This is due to the
large spacing between the RSNC stations, which
is about 70 km in the area. Root-mean-square
travel time residuals (rms) are equal or smaller
than 0.38s for all three earthquakes. The largest
azimuthal gap in the relocation is smaller than
157° for all three events and the hypocentral
depths range between 14 and 40 km (table III).
We observe a large improvement in the depth de-
termination when using both RSNC and SAP-
TEX arrival times. In these relocations, ERH and
ERZ are smaller than 1.3 km and 1.8 km, respec-
tively, for all three events (table IV). The March,
24, 2002 earthquake is a subcrustal event with
depth around 47 km.

We computed fault plane solutions for all
three events relocated with both datasets (fig.
9a-c; table VI). Using the RSNC data, it was on-
ly possible to determine a focal mechanism for
the April 13, 2002, 17:04 event due to the large
number of polarities available (fig. 9b1 and table
V). This solution shows a large strike-slip com-
ponent with 7T-axes W-NW oriented. The fault
plane solution of the deepest earthquake (March
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24, 2002) relocated with both data sets shows a
pure normal solution with minimum compres-
sion axes oriented E-NE (fig. 9a). The April 13,
2002 M 3.3 event relocated with both datasets
(fig. 9b2; fig. 10) shows a focal mechanism quite
different from that computed with only the
RSNC polarities. This normal solution is more
constrained due to inclusion of the SAPTEX po-
larities. It shows a small strike-slip component
and T-axes E-W oriented. The fault plane solu-
tion for the second Basentano event computed
with both RSNC and SAPTEX data shows a nor-
mal solution with NE-SW T-axes (fig. 9c).

The quality of fault plane solution is given
by two output quality factors (Qf and QOp) of the
FPFIT code (Reasenberg and Oppenheimer,
1985). Of reflects the solution prediction misfit
to the polarity data Fj (Fj=0.0 represents a per-
fect fit to the data, while Fj=1.0 represents a
perfect misfit). Op summarizes the three pa-
rameter uncertainties As, Ad and Ar (ranges of
perturbations to strike, dip and rake, respective-
ly). Quality decreasing values are indicated
with A, B and C (table VII). All solutions with
one or both quality factors equal to C were re-
jected. Quality factors of the selected focal
mechanisms are shown in table VI. Only the
April 13, 2002 M, 3.3 event shows one dis-
crepant observation (Qf=B).
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Fig. 9a-c. Fault-plane solutions of the three selected events located in the Southern Apennines: a) 24/3/2002,
00:11; b1-b2) 13/04/2002, 17:04; ¢) 13/04/2002, 20:28. Focal mechanism (b1) is computed with only the RSNC
data, while a), b2) and c) are computed with both RSNC and SAPTEX data.

Table V. Strike, dip, rake and quality factors of the
April 13,2002, 17:04 event fault plane solution com-
puted with RSNC data.

Event Strike Dip Rake Of Op

B B

13/04/2002 17:04 350 30 -130

Table VI. Strike, dip, rake and quality factors of the
fault plane solutions computed with both RSNC and
SAPTEX data.

Event Strike Dip Rake QOf Op
24/03/2002 00:11 155 25 -90 A A
13/04/2002 17:04 335 35 -120 B A
13/04/2002 20:28 265 30 -170 A B

835

The large hypocentral depths found for
these Basentano events are similar to those ob-
served for the May 1990 Potenza seismic se-
quence (Azzara et al., 1993). This sequence
was localized about 30 km to the WNW from
the middle Basento valley events and shows
hypocentral depths ranging from 15 to 25 km.
We believe that the large observed depths are a
distinctive feature of the seismicity in this part
of the Southern Apennines.

3.3. Resolution of tomographic models of the
deep structure beneath Southern Italy

To investigate the depth resolution of tomo-
graphic models of the upper mantle beneath the
SAPTEX array we have performed a resolution
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Fig. 10. Fault-plane solution and waveforms showing polarities of the P-wave arrivals of the April, 13, 2002 event.

Table VII. Fault plane solution quality factors Qf
and Qp. Fj is the solution prediction misfit to the po-
larity data; Astr, Adip, Arake are ranges of variability
of strike, dip and rake, respectively.

of Op
A Fj<0.025 A Astr, Adip, Arake<20°
B 0.025<Fj<0.1 B 20° to 40°
C Fj>0.1 C >40°
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test using the distribution of paths of teleseismic
P and PKPdf waves recorded during the first
two years of the field experiment. The P-wave
path set consists of 5859 rays (4087 P and 1772
PKPdf) associated with the event-station pairs
of 214 teleseisms recorded by both the RSNC
network and the SAPTEX temporary array. Fig-
ure 11 shows the great circle paths of this data
set. The SAPTEX recordings (green paths) con-
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tribute to enhancing the sampling of the deep
structure under the study area. Figure 12 shows
the relative traveltime residuals observed at
SX02, the most representative station of the pas-
sive array (figs. 2 and 4), as a function of back-
azimuth and epicentral distance of the teleseis-
mic events. They were computed with respect to
the 1D akl135 (Kennett er al., 1995) velocity
model after correction of the P-wave arrival
times for Earth’s ellipticity and station elevation.

The resolution analysis was carried out by
computing the model resolution matrix for a
weighted damped least squares solution of the
inverse problem relating the observed teleseis-
mic travel times to the velocity deviations with-
in the target volume. To trace ray paths needed

&

to form the kernel matrix and to compute theo-
retical travel times needed to determine the ar-
rival times delays, the target volume was para-
meterized by using a 3D grid of nodes with pre-
assigned P-wave velocity based on the ak135
model. The 3D grid consisted of 96 station
nodes and ten layers of nodes, each consisting
of a 2D mesh of 19x19 nodes, having lateral
spacing ranging from 35x35 km (layer 1) to
80x80 km (layer 10). The layer depths below
the surface were chosen at 30, 65, 105, 150,
200, 260, 330, 410, 500, and 600 km. For the
inversion we used a modern teleseismic tomog-
raphy procedure based on the Singular Value
Decomposition (SVD) method which, at some
computational expense, circumvents approxi-

Fig. 11. Orthographic map (projection center at 39.5N-15.0E) showing the ray trajectories (great circle paths)
of the P and PKPdf phases recorded during the period June 2000-June 2003. White circles are the seismic sta-
tions of fig. 1. The events are distributed over a wide range of back azimuths, although the majority of them are
located between back azimuths of 330° and 120°. The additional raypaths provided by the SAPTEX recordings
(green raypaths) improve the ray sampling of the deep structure beneath the study region significantly.

Fig. 12. P-wave travel time residuals from teleseismic events recorded at station SX02. The pattern displays a
strong directional dependence of relative residuals. Negative residuals, as large as -2.5 s, are observed for rays
approaching the station from western directions, whereas positive values are predominant for events incoming
from the NE quadrant. This pattern is consistent with the uppermost mantle P-wave velocity structure delineat-
ed by recent nonlinear traveltime inversions (Cimini, 1999; Cimini and De Gori, 2001).
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Fig. 13a-c. Map views of resolution spread for the lower crust and uppermost mantle of Southern Italy displaying
how well the seismic structure would be resolved by the ray sampling of fig. 11. Nodes within the blue regions (reso-
lution spread <0.4) correspond to well-resolved model parameters. Nodes with larger resolution spread indicate esti-
mates of model parameters that are really weighted averages of the true model parameters. See text for further details.
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mate techniques and allows one to obtain a di-
rect estimate of the model resolution (Cimini,
1999; Cimini and De Gori, 2001). Using this
approach we determined the resolution matrix
for 1132 model parameters. Figure 13 shows
the resolution spread computed for nodes lying
on the first six layers of the starting model. The
resolution spread is a simple but effective way
to quantify the goodness of model resolution
based on the size of the off-diagonal elements.
In particular we adopted the measure based on
the L, norm of the difference between the reso-
Iution matrix R and the identity matrix I
(Menke, 1989). When R=1I the model parame-
ters are uniquely determined (perfectly re-
solved) and spread(R)=0. In the layer maps of
fig. 13, the magenta curve (the 0.3 contour) bor-
ders the well-resolved parts of the model.
Nodes within these regions are characterized by
negligible contribution of the off-diagonal ele-
ments associated with the neighbouring nodes,
thus indicating limited smearing effects and
volume averaging of the model parameters (ve-
locity anomalies). For comparison, the dashed
magenta curve contours the 0.3 level of the res-
olution spread pattern obtained by using only
the RSNC teleseismic path set (the black paths
in fig. 11). It is noteworthy the resolution im-
provement provided by the long-term deploy-
ment of the SAPTEX array especially in those
areas, like Basilicata and Northern Calabria,
where the transition from the Southern Tyrrhen-
ian oceanic subduction to the Southern Apen-
nines continental subduction makes the deep
seismic structure very complex and still poorly
understood (Cimini and De Gori, 2001; Cimini,
2004). This result is strongly encouraging and
we believe that the dataset of the entire SAP-
TEX deployment will allow us to produce more
reliable, high-resolution tomographic images of
the mantle beneath the region.

4. Conclusive remarks

The SAPTEX passive array represents the
longest deployment of portable seismic stations
carried out in Italy. During the four-year project
we recorded a large amount of data essential for
gaining a clearer picture of the lithosphere-as-
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thenosphere system beneath Southern Italy. The
experiment produced ~500 Gb of raw data from
which ~25 Gb of digital waveforms of local, re-
gional and teleseismic events have been extract-
ed. The initial results on the computation of
hypocentral parameters and fault plane solutions
of local earthquakes show the benefit of using
data from the temporary stations. Particularly in-
teresting is the new evidence on the occurrence
of lower crust seismicity and, for the first time,
the observation of a subcrustal event below East-
ern Basilicata. The denser station coverage
achieved with the experiment allowed us to
greatly improve the ray sampling of the deep
structure, making feasible the planned high-res-
olution imaging of the seismic velocity field. The
SAPTEX dataset will provide an unprecedented
opportunity also for studies concerning the re-
construction of the Moho geometry from receiv-
er function analysis, seismic aniso-tropy, attenu-
ation tomography, and seismotectonic.
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