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We have analyzed 18 out of the selected 19 events of  the Italian seismic history. We have paid 
particular attention to the Adriatic coast earthquakes, 1908 Calabro Messinese and the 1917 
Sansepolcro earthquakes. The historical bulletins, the instrumental parameters and the paper 
seismograms for all the 13 events have been recovered. The relocation of the events for which we 
have the complete set of data (the P and S arrival times and the paper records to read the missing 
arrival times) was carried out. We have vectorialized seismograms for the recovered components 
of the following earthquakes: Calabria 1905, Calabro Messinese 1908, Monterchi-Citerna 1917, 
Senigallia 1930, Adriatic reagion1934,1938, 1962. 
For the earthquakes occurred during war periods, is very difficult to find the bulletins, the paper 
seismograms and the instrument parameters. However, for the 1916 Adriatic earthquake we have 
enough  bulletins to estimate the instrumental location.  
The Sismos team has developed a new methodology to compute the moment tensor. This method 
has the advantage to be suitable for historical dataset, but require long time computation even 
using the new multi-dualcore computers. Using this technique we have calculated the moment 
tensor and magnitude for the 1917 San Sepolcro earthquake using amplitudes from digitized 
seismograms, while polarities come from both bulletins and seismograms reading.

Abstract

Red bold titles refer to poorly constrained locations due to 
the difficulty of recovering data for the early years of the XX century.
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Map of located events. Black dots indicate the epicenters. The red clouds 
represent the respective PDF (Probability Density Functions) [Lomax, 2005]
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Data source - Examples

The study of the great earthquakes and the analysis of their tectonic significance 
are very important elements in the evaluation of seismic potential, seismic hazard 
and risk. The recovery and reproduction of historical seismograms and the 
information contained therein, on the instruments that recorded them and their 
related characteristics, often become difficult and laborious operations. 
The same kind of problems exists for the interpretation of the bulletins. In fact, 
historical data are affected by typing blunders that require a careful investigation 
of all the paper documents. In figure 2 the bulletins seems to refers to the 1907, 
but in fact refers to the 1908.
A great help was given by TROMOS and EUROSEISMOS projects. 
These projects have as main objectives the recovery, with the reproduction 
at the SISMOS centre of the INGV, of the seismograms and bulletins 
of the most important historical earthquakes (1895 - 1980) in the 
Euro-Mediterranean area in the 20th century. EUROSEISMOS has collected 
about 150’000 seismograms recorded by observatories located in Italy and 
around the world.The data set used in the S1 project was partially available 
in these data-base and was completed with the material from the 
Seismological  Observatories. 
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Our Moment tensor solution (red) agrees 
well with the focal mechanism derived from 
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Moment Tensor Foreward Modelling - An ongoing developement of a new procedure
a) We generate synthetic seismograms for 10’000 random moment tensors and for different depth.
b) Both observed and synthetic are bandpassed filtered in the narrow band where the historical seismographs are generally sensitive (1-15 seconds). We then measure the maximum amplitudes of P-, S- and surface waves (SW) for each of the 3 
components and for both synthetics and historical digitized seismograms. 
c) Compute relative amplitudes ratio between the three possible combination of the three measured amplitudes within each seismogram: P/S, P/SW, S/SW for both synthetic and observed seismograms.
d) Add constrain of the polarities of the P-wave to distinguish between the P- and T-axis.
e) The best moment tensor (Figure 4) has minimum variance and best polarity P-wave fit.

Discussion

i) This method constrains the moment tensors by using only the relative amplitude ratio and is not sensitive to the seismic moment Mo. Thus the seismic moment Mo is derived using other methods (Figure 6).   
ii) This method results in a reliable solution also with few stations. In our case study we used only stations GTT (NS component), MNH (NS), UCC(NS/EW) and UPP(NS/EW), and the solution (Figure 5) also confirm that the 1917 earthquake is located 
north-west with respect to the previous macroseimic location.
iii) Amplitudes are less sensitive to the crustal and mantel heterogeneities than phases, thus we do not require well calibrated earth model to generate synthetics.
iv) We do not  fit absolute amplitude and phases between observed and synthetics data. Thus we do not require the knowledge of all instrument parameters of the historical seismographs, which are needed to compute the instrument response for 
deconvolution.

Testing example: the 1917 San Sepolcro earthquake
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Figure 6

Moment Magnitude
Mw is derived using the Brune [1970] relationship 
between ground displacement spectra (example on 
Figure 3 ), seismic moment Mo and corner 
frequency.
We computed the seismic moment Mo from the 
spectra of 5 seismograms (see table Table 2) for 
which the instrument calibration is available. Our 
Mw Meadian and Mean show a coherent value of 
Mw=5.4
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