Adv. Geosci., 36, 6975, 2014 .
www.adv-geosci.net/36/69/2014/ Advances in
doi:10.5194/adgeo-36-69-2014 Geosciences
© Author(s) 2014. CC Attribution 3.0 License.

Integration of onshore and offshore seismic arrays to study the
seismicity of the Calabrian Region: a two steps automatic procedure
for the identification of the best stations geometry

A. D’Alessandro?, |. Guerra®, G. D’Annal, A. Gervastit, P. Harabaglia®, D. Luzio?, and G. Stellatc®

Listituto Nazionale di Geofisica e Vulcanologia, Centro Nazionale Terremoti, Rome, Italy
2Universita di Palermo, Dipartimento delle Scienze della Terra e del Mare, Palermo, Italy
S3Universita della Calabria, Dipartimento di Fisica, Arcavacata di Rende (Cosenza), Italy

4Universita della Basilicata, Scuola di Ingegneria, Potenza, Italy

Correspondence tA. D’Alessandro (antonino.dalessandro@ingv.it)

Received: 24 May 2014 — Accepted: 21 July 2014 — Published: 22 August 2014

Abstract. We plan to deploy in the Taranto Gulf some catalog; Ekstrom et al., 2012) mainly yields normal faults
Ocean Bottom broadband Seismometer with Hydrophoneswith coherent Southern Apenninic trend. This remains true
Our aim is to investigate the offshore seismicity of the Sibarialso for several tens of Fault Plane Solutions of the dense
Gulf. The seismographic network optimization consists in seismic sequence, which interested the western Pollino area
the identification of the optimal sites for the installation of in the years 2010-2012 (Totaro et al., 2013). South of the
the offshore stations, which is a crucial factor for the suc-Massif, in most of the Sibari plane, seismic activity is very
cess of the monitoring campaign. In this paper, we proposescarce, while it is again rather intense in its southeastern cor-
a two steps automatic procedure for the identification of thener, both onshore and offshore. There are however only a few
best stations geometry. In the first step, based on the applMTS in this south-eastern part of the area; two of them show
cation of a set of a priori criteria, the suitable sites to hostthe right strike slip kinematics of the associated events, with
the ocean bottom seismic stations are identified. In the secef the possible fault planes coherent with the Southern Apen-
ond step, the network improvement is evaluated for all theninic trend, while the third one derives from a thrust event in
possible stations geometries by means of numerical simulathe perpendicular direction. It is also noteworthy that at least
tion. The application of this procedure allows us to identify a couple of MTS around the Sila Massif still yield a Southern
the best stations geometry to be achieved in the monitoringApenninc trend. The morphology also presents some South-
campaign. ern Apenninic trend: the Pollino Massif crests and valley do

show it, as well as the shore direction from the Sibari Plain

up to Cird Marina.

The above observations point to the perspective that the

1 Introduction stress field of a vast portion of Northern Calabria still resem-

bles that of the Southern Apennines (Guerra et al., 2005). In
The Pollino Massif (Southern ltaly) is a stocky mountain this frame, it becomes important to investigate the offshore
chain, triangle-shaped and E-W oriented which marks theseismicity of the Sibari Gulf and the deformation pattern
transition from the Southern Apennines to the Calabrian Arc.within the Sibari Plane. The latter might function as a hinge
On the western side it is characterized by a moderate seigo transfer the deformation of the extensional fault system in
micity (9 M| > 4 events in the last 50 years, Fig. 1a), ratherthe Pollino area to a different offshore fault system. Since
well documented in the last 400 years (Peresan and Panzgeturn times of largest events might be very long, we need
2002; Castello et al., 2006; Luzi et al., 2008; Rovida et al.,to investigate the true seismic potential of the offshore faults
2011, Iside catalog). The Moment Tensor Solutions (MTS)and to verify whether they are truly strike slip or if they could
available in this area (Fig. 1b, European-Mediterranean CMT
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Figure 1. (a) Instrumental (full circle) and historical seismicity (red square) of the study area (earthquake with, data from UCI2001
(1960-1980), CSI (1981-2002), ITACA (2003—2005/04/15), ISIDE 2005/04/16-today and CPTI11 (1000-1959) qéeldgsient Ten-

sor solutions from Global Centroid-Moment-Tensor and European-Mediterranean Regional Centroid Moment Tensor catalogs; the white
rectangle in both the figures indicates the area of main interest.

involve relevant thrust or normal components, that would add2015, and it will last about a year. The equipment will consist
to the risk of potentially associated tsunamis. in five OBS/H, each equipped with a broadband seismometer
The seismicity of the Calabrian area is monitored by theand a hydrophone.
Italian National Seismic Network (INSN) managed by Isti-  The stations will be designed, assembled and deployed by
tuto Nazionale di Geofisica e Vulcanologia and by the Cal-the Gibilmanna OBSLab, a laboratory created in 2005 by
abrian University Seismic Network (CUSN) managed by the INGV to address the offshore extension of the Italian seismic
University of Calabria (D’Alessandro et al., 2013a). Both network (Mangano et al., 2011) and for the development of
network comprise only on-land seismic stations (Fig. 2a).seismic station based on Micro Electro-Mechanical Systems
The lack of offshore stations does not allow accurate deter{MEMS) technology (D’Alessandro and D’Anna, 2013).
mination of the hypocentral parameters also for moderate-Several seismic monitoring experiments, conducted in the
strong earthquakes that occur in the Calabrian offshorédVediterranean Sea have already resulted in a better under-
(D’Alessandro et al., 2013a). Figure 2b shows the spatial disstanding of the seismo-tectonic and seismo-volcanic activity
tribution of the location uncertainty in the study area deter-of some submarine seismogenic districts (D’Alessandro et
mined integrating INSN and CUSN. al., 2009, 2012a, 2013b, D’'Alessandro, 2014; Adelfio et al.,
The location uncertainty has been determined Mgr = 2012).
1.5 and hypocentral depth of 10 km using the SNES method Due to the high costs and limited available resources, the
(D’Alessandro et al., 2011a, 2013a). Figure 2b report thenetwork optimization, consisting in the identification of the
Radius of the Equivalent Sphere (RES) parameter, whichoptimal sites for the installation of the offshore stations, is
is the radius of the sphere whose volume equals that o& crucial factor for the success of the monitoring campaign.
the 95 % confidence ellipsoid of the hypocentral parameterdn the following, we analyze, by means of numerical simula-
(D’Alessandro et al., 2011a). D'Alessandro et al. (2013a),tions, the effect of the OB stations in terms of network
observed that only few stations will detect small magnitudecoverage and of hypocentral localization improvement. The
earthquakes in the offshore area of the Sibari Gulf, with re-results of the simulations are critically analyzed in order to
sulting azimuthal gap exceeding F88nd location errors of identify the best OBBH geometry, which will be realized in
several kilometers (Fig. 2b). The lack of offshore seismicthe monitoring campaign.
stations also does not allow the accurate determination of
hypocentral coordinates and focal parameters also for even
the largest earthquakes commonly observed in the investi2 Evaluation of the best OBJH array geometry
gated area.
With the aim of investigating the near shore seismicity In planning a monitoring campaign, it is necessary to find an
in the Sibari offshore and its eventual relationship with the Optimal set of observation sites. They will ensure the widest
Pollino activity, we plan to deploy some ORS in the and most homogeneous coverage of the area of interest, with

Taranto Gulf. The monitoring campaign is planned for the @ significant improvement of hypocenter estimation. They
normally be selected among a larger set of possible candidate
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Figure 2. (a) distribution of the seismic stations on the Calabrian territdioy;RES maps aM| = 1.5, hypocentral depth of 10 km and
confidence level of 95 %, for INSNCUSN (D’Alessandro et al., 2013a).
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reduce the seismic noise power on the QBSignals. Itis {5 oBS/H installation.

well known that wave breaking on the coastline is a strong

source of noise. In addition, human activities near the coasts

are generally intense and could be an additional source of

noise. Finally, the fourth point is related to the ration between Since the possible sites are seven but there are only five

the extension of the study area and the number of measurevailable OB3H, the number of possible stations geometries

ment points and to a reasonable minimum stations spacing.is 21. Therefore, it becomes crucial to identify an optimal
Figure 3 shows the bathymetric maps of the Taranto Gulf.OBS/H geometry, capable to ensure the best coverage of the

The locations of the onshore seismic stations and of the canarea of interest, in view of both the limited number of suitable

didate sites for OBBH installation are indicated. Because sites and of OBZ&H.

the maximum depth in the Taranto Gulf is about 3km, the To this purpose, we have simulated all the possible dif-

candidate sites were identified only on the basis of the threderent OBSH geometries and we analyzed them by means

remaining criteria. Starting from the whole set of sites, which of the SNES method (D’Alessandro et al., 2011a). This

fulfill the condition 2, an automatic search algorithm iden- method has been extensively used for seismic networks per-

tified seven sites that would be suitable to host an ¢BS formance evaluation (D’Alessandro et al., 2011b, 2012b, c,

station (Fig. 3). 2013c; D'Alessandro and Rupert, 2012) and optimization
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Figure 4. Improvement maps for the area of interest as average RES over all the investigated hypocenter depths, for different stations
geometry; white triangles indicates the stations position; geometry 5 is showed in Fig. 6.

(D’Alessandro et al., 2013d). The SNES method allows toquantify the improvement of the network due to the addition
determine, as a function of magnitude, hypocentral depthof five OBS/H in the candidate sites, we have determined,
and confidence level, the spatial distribution of the follow- for each possible stations geometry, the difference between
ing parameters: magnitude detection threshold, number ofhe RES maps with and without the offshore stations.
stations active in the location procedure, azimuthal gap and Figure 4 shows, for the area of interest and for all the pos-
confidence levels of hypocentral parameters. Details on thaible stations geometries, the improvement maps as average
method and on the computation algorithms can be found irRES determined over all the investigated hypocenter depths.
D’Alessandro et al. (2011a). The area of greatest improvement is located in the southwest-
On the basis of the results of D’Alessandro et al. (2013a)ern part of Taranto Gulf, where the RES reduction reaches
and of the features of the local seismicity, the SNES mapsvalues of about 7 km.
were determined fo| =1.5 and hypocentral depths of = The shape and the extension of the improvement area is
5, 10, 15, 20, 25 and 30km, with 95% confidence inter- clearly dependent on the OBS geometry. It is very diffi-
vals. In our evaluation, we considered only the RES pa-cult to identify the best OB81 geometry by a simple visual
rameter because it takes into account both epicentral anthspection. This means that we need objective quantitative
hypocentral depth errors, and is therefore the best parameriteria.
eter to quantify the performance of a seismic network. To
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Figure 5. (a) Ages (b) RES andc) 1 (ARES, REQ as function of OB$H geometry of Fig. 4; station geometry 22 refers to that assuming
seven OBgH (Fig. 6).

Therefore, to identify the optimal OBS&l geometry we 3 Discussion and conclusion

determined:
The seismicity and the seismogenic volumes of the Sibari

— fraction of area in which there is a significant reduction Gulf are not well characterized, despite their importance
of the hypocentral errorAres); in the understanding of the seismotectonic processes in the
Southern Apenninic — Calabrian Arc border and surrounding
areas. The main reason is the poor distribution of the seismic
network sensors due to the elongated shape of the Calabrian
arc and in the lack of offshore stations.
Agesis determined as the ratio between the area where RES With the aim of investigating the near shore seismicity
reduction is more than 0.5kmA(vp) and the area of in- in the Sibari offshore and its eventual relationship with the
terest Ator); RES is determined as average RESAiwp;  Pollino activity, we plan to deploy several ORS in the
I (Ares RES) is determined agres- RES. Taranto Gulf. The monitoring campaign, planned for the
Figure 5 shows the distribution of these parameters a015, will allow for the acquisition of a large amount of data.
functions of the network geometry. In Fig. 6 we compare Their integration with those acquired by the onshore perma-
network geometry number 5, our preferred one, with a hy-nent networks will help in characterizing the seismicity and
pothetical configuration with all sites occupied by OBB  the seismogenetic volume of this area.

(stations geometry 22). A careful assess stations geometry is of primary impor-
On the basis of Fig. 5, we can see that the fraction oftance in any monitoring campaign. This is especially true
area covered using only five OBS ranges between 0.682 when submarine stations are involved. This assessment must
(stations geometry 14) and 0.578 (stations geometry 20) angake into account both the presence of pre-existing networks
would be 0.694 usin_ga” the seven candidate sites. The aveland the logistical problems due to the deployment of the
age error reductioRRES ranges between 3.136 km (stations OBS/H. An optimal stations geometry must be achieved, that
geometry 1) and 2.595 km (stations geometry 15), and woulds the one with the largest are coverage and the greatest re-
be 3.282 km using all the seven candidate sites. The improveduction in the hypocentral error.

ment index ranges between 2.092 km (stations geometry 5)
and 1.545 km (stations geometry 20), and would be 2.278 km
using all the seven candidate sites.

— average error reduction in this ardRES);

— improvement indexX(Ares, RE9).
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Figure 6. Improvement and RES maps using the stations geometry 5 and assuming sevéh OBS

In this paper, we propose a two steps automatic procedure Figure 6 compares the improvement and RES maps rel-
for the identification of the best stations geometry. In the firstative to geometry 5 and to the ideal seven @GBSjeome-
step, we identify suitable sites to host OBSEstations, based try. We can see that the use of geometry 5 greatly improves
on some a priori criteria. In the second step we evaluate théhe location performance in most of the area of our interest
network improvement for all the possible stations geome-and by using two further OB&1’s we will not obtain signif-
tries. We specifically identify seven candidate site suitable toicantly better results.
host the five OBBH planned for the monitoring campaign; It is clear that the results of the optimization procedure
this led to a total of 21 possible stations geometries. are highly dependent on: criteria for the choice of suitable

The results of our simulation shows that fff = 1.5, on  sites, shape and size of the area of interest, magnitudes
the basis ofArgs, the OBSH geometry 14 should be surely and hypocenters depths of interest and optimization criteria.
the best, although many geometries could ensure a very simi€learly, these should be evaluated from time to time accord-
lar coverage. However, seven geometries have to be excludadg to the specific needs and goals we want to achieve.
(4,9, 13, 16, 18, 19, 20) because they do not provide a suf-
ficient extension of the area covered by the network. On the
basis ofRES the best station geometry should be the array 1Acknowledge_ment9N<_e are grateful_ to the_anonymou_s reviewers
even though similar values are obtained for the geometries 3a,1nd to the ec_iltor Damiano Pesaresi for their constructive comments
4 and 5. However these parameters, separately, do not pernfif'd Suggestions.
to univocally determine the best ORBS array. The analysis
of the improvement indeX (Ares, RES instead, allow us
to identify in geometry 5 (Fig. 6) the best one and, as sec-
ond choice, geometry 1. The array number 20 is that with the
minimum (Ares RES and than should be avoided.
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