Completeness magnitude and b-value distribution in the Sulmona basin area (Central Apennines):

new data from a temporary seismic network
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The Sulmona basin area (Central Apennines)

After the earthquake of 6 April 2009 (M, 6.3), which struck the town of L'Aquila and
surrounding regions, causing hundreds of casualties, the seismogenic potential of the
active normal faults in the Abruzzo region (Lavecchia t al., 2009; Boncio etal, 2010)
of central Italy are back again at
Specifically, the Sulmona basin, bounded to the cast by the Morrone-Porrara fault
alignment, is considered an high seismic hazard area because the segments of these
faults, with along strike lengths up to 20 km, are capable of releasing destructive
ith M >6 (Boncio et al., 2004; Galadini et al., 2000).
Moreover, the Sulmona town (one of the best preserved Abruzzo historical towns, with
an important monumental and artistic heritage, and with a population of about 25000
inhabitants) is ]ucated just at the hanging wall of the Mt. Morrone fault, on soft
mary d h ic risk is very high.
According to ‘Ceccaroniotal (2009), the last historical event associated to the Morrone
segment dates back to the 2nd Century A.D., and the time elapsed since then exceeds the
mean recurrence time of maximurm magnitude carthquakes estimated for this structure
(Peruzzaetal., 2011).
In 1706 and 1933 other two strong events, with estimated magnitudes of 6.8 and 6.0
respectively (Rovida et al., 2011), caused severe damages around Sulmona, but their
seismogenic sources are still doubtful (Galadini and Galli, 2004; Lavecchiact al., 2010;
Gori etal,, 2011).
Since early-instrumental times, no significant carthquake occurred in this area, even if
during the L'Aquila seismic sequence four carthquakes with 3.2<M,<3.8 (ISIDE
database) increased the low seismic activity characterizing the basin (de Nardis et al.,
2011).
Evidgrnoe of stress loading in the studied area, induced not only by the L'Aquila 2009
carthquake at north, but also by the 1984 Val di Sangro earthquake at south, was pointed
out by De Natale et al. (2011) based on the results from coseismic Coulomb stress
change studies.
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Location of recorded microearthquakes

With the aim of strengthening our earthquake catalogue, we enriched the dataset of STN

arrival times with data from the Abruzzo Seismic Network (RSA) and from the Centralized

National Seismic Network (RSNC). We evaluated their general quality and consistency by

using the modified Wadati method (Chatelain, 1978), which compares the timedifference of P
and

From 27 May 2009 to 31 December 2009, totally 817 small carthquakes have been detected,
and 535 of them were located by using Hypoellipse (Lahr, 1999). The velocity model was
estimated ad hoc for this area, and a V,/V of 1.85 was derived by orthogonal regression of
‘Wadati diagram samples (Romano etal., 2013). In detail, 382 events were identified by 1 or 2
STN stations, and located only if having at least 4 phase readings; 225 were located
exclusively by STN stations; and 210 were located through observations of STN, RSA and
RSNC stations.

‘The local magnitude (M,) was estimated for all the events, with the exception of eight (little
stars) characterized by a low signal-to-noise ratio. M, values range from 1.5 to 3.7. Note that
negative magnitudes (little squares) are associated only to events located close to the
temporary stations, where the STN detection capabilities are the highest. The largest
‘magnitude values are associated to four events, from north to south: M, 3.5 on 21 June 2009
(near L'Aquila), M, 3.7 on 15 September 2009 (near Palena municipality), M, 3.5 and 3.6 on 4

August2009 (near Roccasicuralocality). ~ p . ’ rasn
A \ c 3
LANY Procasir

Modified Wadati Diagram
7 Re0995)
£ v, =185

/

817 Earthquakes

Velocity Model

s 1345€ 1408 1415E
LOCALMAGNITUDE

No M, o 10sM<i5 @ 255M<30

jsTN sTATION

Negative M, ® 15sM<20 @ 30sM<35

@ ssm<3s

0.0sM<1.0 @ 20sM<25

M, and 5M, maps

Aftercomputing the overall M, i ion exhibitsa Gutenberg:
the M, spatial variability in the study area, by usingZMAPand the maximum curvature method.

We chose to subdivide the area in a 0.01° x 0.01° grid of points, compatible with the horizontal eror ¢- 1 k) of carthquakes locations. At cach grid node, M, was
determined only if minimum 20 events with M>M, (N,,.) 0f 20 k. This setting was the best

power law (Wiemer and Wyss, 2000), we also investigated
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The experiment of temporary seismic monitoring

The temporary seismic monitoring survey in the study area was carried out with the aim of
increasing the knowledge of its seismic activity, and consequently of the seismogenic potential
of existing active faults, not only from a geometrical and kinematic point of view, but also in
terms of recurrence times of expected max magr Bythei ion of a local
seismometric network, in fact, we intendedto lower the completeness magnitude threshold in the
Sulmona area, and to estimate reliable pammcters of the Gutenberg-Richter model, which are
useful for seismic hazand long the Morrone-
Porrara i the b- value is astr ter and the analysis of its
spatial p llow us ities ling to low values) from
those which act as barrier or are deforming by creep (high values) (Schorlemmer and Wiemer,
2005; Schorlemmer etal. 2005).
The Sulmona Temporary Network (STN) was installed on 27 May 2009, about 50 days after
L'Aquila earthquakes, and worked till 22 November 2011. It consisted of 6 mobile stations and 2
permanent stations belonging to the RSNC (Centralized National Seismic Network), deployed
all around the Sulmona plain (yellow symbolsin the figure). Placed mainly at the hangingwail of
the Morrone-Porrara alignment, at an inter-station distance of about 10 km, STN stations
covered an area of 400 kmr’. All mobile stations were equipped wnh high sensitivity
in order possible. Four
a 1 Hz three-component seismometer and two of them with a ve]uclmeﬂ'lc/acoe]emmeﬁlc
couple, while the data-logger was the same for all stations. Their sigrals (sampled at 100 Hz)
and th data (about 170 Gb) wa:
A ttomatic procedure was adopted for ing the first seven momhs of
seismic recordings, similar to that used by Garbin and Priolo (2013) for detecting small
inthe’ ince. It uses (1) Antelope (BRTT, 2004) for acquiring/storing
data, recognizing earthquakes automatically, and extracting earthquake waveforms; and (2) a
“pick server” for phase picking and location, performed by Seisgram2K (Lomax, 2008) and
Hypo71 (Lee and Lahr, 1975), respectively. The automatic procedure, applied to the data set
from 27 May to 31 Decomber 2009, extracted about 16000 windows of signal, including
g L'Aquil target) and
false events. All the windows were visually inspected, but on]y those containing local events
(withtime difference between P and S arrivals of less thanabout 3 ) were analysed.
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Earthquakes located in this study (27 May - 31 Dec 2009)

Frequency-Magnitude Distribution

The high detection capabilities of STN have let us to compile a very detailed
catalogue of instrumental seismicity for the study ara. We were able to locate
accurately hundreds of microcarthquakes, also with negative magnitudes, not
identified by the national seismic network.

In order to perform the statistical analysis of the magnitude vs event frequency
relationship, we used ZMAP software (Wiemer, 2001), which allows an estimation
of both the completeness magnitude (M) and the parameters of the Gutenberg-
Richtermodel.

The M, has bet ith thod (Wiemerand Wyss,
2000); itis equal to 1.2, with an uncertainty of 0.15, estimated b i
samples with an M, correction of 0.2, The parameters of the Gutenberg-Richter
relationship have been obtained by the maximum likelihood method (Utsu, 1963;

Aki, 1965). The a-value, which indicates the seismic activity level, xsequal 10337
and the b-value, which describe: of small and I inthe
timeinterval, is equal t0 0.920.08.

These values are not only representative of the Sulmona basin, because part of the
L'Aquila seismic sequence (NW sector of the study area) and many events in the
Sora region (SW sector of the study area) fall inside the relocated events. If we
spatially select the events within abuffer zone of 20 km around the STN stations, the
M, reduces to 0.8 +0.2, a-value to 2.87 and b-value to 0.88 0.13. Nevertheless, the
shortness of the time interval investigated and the limitations in the data sample do
not allow for interpreting these low b values as a stress indicator (see, for example,
Gulia and Wiemer, 2010). In the Sulmona area, stationary background conditions 108016
‘might have been influenced by static/dynamic stress changes induced by the main
earthquakes of the L'Aquila seismic sequence.

For comparison, we performed the same analysis on earthquakes reported by the
Italian Seismic Bulletin for the same period and within the same buffer zones. It can
be observed that the fewer number of events (i.c. the stronger ones) located by
RSNC, implies an higher value of M. (1.4) and a less constrained Gutenberg-Richter
relation.
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b-value and Sb-value maps

The fi patial variablity inthe Sulmona basinarea, cumputedbyusmg'he same input parameters (scarch radius of 20 km, N equal
t020 and grid spacing0. 01°x001°)ufmeM ‘map. The esti for each grid point by applying

likelihood technique (Utsu, 1965; Aki, 1965). The punctual b-values derive ﬁ'om small samples of carthquales and suffer of not negligible uncertaintics (Wicmer and
'Wyss, 2002); consequently, we did not consider such estimates in an absolute sense, but only for highlighting their spatial trend. We intended to distinguish arcas
by b-values greater orlesserthan 1 it typical eference value), as chey would indicate low orhigh stress conditions, respectively.

compromise among the number of recorded carthquakes within the M, threshold, a re]mb]e trend of M, and an adequate emphasis on th ted M,

higherN,,, in the M, map, whilea istingin the area.

The leftmap magnitude increases from 0.5 to 1.5 moving from the STN centre towards outside. This very clear variability is consistent with

the detection czpabl]mes ofthe local network, which are maximum close to it stations (inside the buffr zore) and diminish with the distance. Consequently, the
‘months of

As the variations ofthe G-R slopemay for TNbuffer. Inside the buffer, a
quite uniform distribution of low b-values, probably indicating astress build-up, i inerrupted by a spot of higher values atnorth-cast of the Sulmona town. This could
indicate the existence of a creeping zone, or even a seismogenic barrier, close to the city. Outside the buffer, the difference of b-values between NW and SW can be
explained taking i belonging to the Sora ML lowerthan those near L'Aquila.
These changes recognized in the study area, can be considered enough significant, as they exceed the standard deviations (obtained by bootstrapping) of the b-valucs

The right map represents the pattern of the M, standard deviation, cvaluated by 2 bootstrap approach, It s
levelin the M, estimations.
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M, and 3M, cross-sections

Al the located events, with exception of those near Roccaslcum and some of L'Aquila aftershocks, were projected on two vertical cross-section planes, trending
nd witha semi-width of

tal, 2004).
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b-value and db-value cross-sections

By projecting the located events along two cross-sections as previously described, and by applying the same input parameters used for obtaining M, and 3M, depth
iatributi ; b-value anddbovalt i

The lateral itiesofb in such scctions i i the map. Speci on cction, the high

Th scheme for obtaining M, depth dis is th d fortheM, bove). The

of2kmi i i ion distribution. No variation ofthe M, with depth

of events are similar. As a th ction patterns to the map view, showing the lowest values of M, through the volumes sampled by STN

stations, and the highest oncs at the study arca cdges. Also the distribution of M, standard deviation does not change with depth, remaining quite homogencous and
imilar level of inty in the M, esti
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b-value spot, which in map s located close to Sulmona, to the crustal the depth Fthe Morrone ; all around, b-value
tendsto diminish. According to this pattern, it can be hypothesized that the northern part of the Morrone-Porrara alignment deforms by crecp or even acts as a tectonic
barrier, unlike the surroundings. On the other hand, the clear decreasing of b-values from SW, where the Sora seismic d, towards NE, near th

end of the Porrara active fault, suggests a build-up of stress just in correspondence of this seismogenic structure. Also in this case, the standard deviation distribution
confirms the spatial variability of b-value.
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