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http://terremoti.ingv.it/instruments/station/GIGS#



410 km

http://webservices.rm.ingv.it/fdsnws/dataselect/1/query?
network=IV&station=GIGS&channel=H??&start=2020-12-
29T10:00:00&end=2020-12-29T13:00:00

HHZ, HHN, HHE   +   HJZ







Creation of a multidisciplinary 
infrastructure dedicated to 

underground Geophysics at the 
INFN LNGS and a geophysics 

laboratory for the study of seismic 
precursors



1
Seismic Array Underground









Site n. 06



Seismic Array
-Geometry (radar)
-Signals not impulsive
-Wavefield composition
-Correlation analysis
-Dispersion curve
-Staking
-S/N ratio
-Polarization analysis



2
Experiment: GINGER



Maree Relatività generaleGeofisica Geodesia
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Geodetic-Geophysical topics
(INFN-INGV cooperation)

1.Study of high frequency variations of Earth Rotation Parameters
• Tidal variations of polar motion
• High frequency UT1 variations (Oceans & Atmosphere tides)

2.Study of high frequency Earth’s axis nutation 
• Forced nutations
• Free core nutation

3.Monitoring high frequency local tilt and Solid Earth Tides
4.Rotational seismology



Local and Regional Earthquakes 0.01 – 50 Hz
Earth Free Oscillations + Teleseismic 0.0001 – 2 Hz
Volcanic activity (?) – 20 Hz
Oceanic Noise 0.01 – 1 Hz
Atmosferic pression, wind days – Hz
Tides, local tilt days
Acquifer, snow load months/years

Deformations in volcanic and tectonic regions 20 Hz – months/years



two peaks: 
 ~ 0.14 Hz and ~ 0.07 Hz 
 





S13

Lennartz 
le3d-5s

Trillium 40s

STS2

Trillium 240s



3
Underground

Seismometry Laboratory



Nodo A

Area utilizzata per
«huddle test» e futura
posizione di GIGS 
(rete sismica 
nazionale) con 360s + 
accelerometro

Sono stati in acquisizione continua 
un STS2 (verde) e un
Broad-band ancora non in 
commercio (rosso) con banda 
120 s – 50 hz



4         iGrav  
1 nanoGal – 0.01 nm/s2



5
Physical and chemical monitoring

of groundwater
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https://www.nature.com/articles/s41598-018-34444-1
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Chile earthquake of Sept 
16th, 2015 (offshore 
Coquimbo – Mw 8.3). 
The red traces are the 
vertical, north-south and 
east-west components of 
Trillium 240 s sensor 
(GIGS) and the black 
trace is the water 
pressure signal (the 
velocity scales for red 
traces have the same 
values). Time scale starts 
from 23:45 (UT). 
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Amatrice-Accumuli 
earthquake (Central Italy) 
of August 24th, 2016 (Mw 
6.0). The red traces are 
the vertical, north-south 
and east-west components 
of Trillium 240 s sensor 
(GIGS) and the black 
trace is the water pressure 
signal (the velocity scales 
for red traces have the 
same values). Time scale 
starts from 01:36:30 (UT)
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Mw vs distance (km) of the 
12 earthquakes collected 
by pressure sensor at S13 
borehole from may 2015 
to september 2016; the 
blue dashed line is an 
estimation of the detection 
level while the gray 
dashed line is the 
detection level from fig. 2 
of Manga and Wang 
(2015). The green crosses 
represent earthquakes not 
observed  in hydraulic 
pressure data.



Tidal signal in the hydraulic pressure data of S13 borehole. (a) data from 5 to 15 
March 2016, about 6 months before the Amatrice earthquake; (b) data from 16 to 
26 August 2017, about one year after the Amatrice earthquake.





237 = 24 Agosto





Plot of the hydraulic pressure (in MPa) of S13 
borehole, red line, at 20 Hz sampling rate (from 15 
August, doy 228, to 4 September, doy 248, 2016). 
The blue line represents the 60 s moving average







(a) Detrended of 
hydraulic pressure of 
S13 borehole from 
April to August 
2016.

(b) Detrended of 
hydraulic pressure of 
S13 borehole from 
15 (doy 228) to 29 
August 2016 (doy 
242), shaded 
rectangle in (a). The 
blue arrow in the top 
of (b) represents the 
Amatrice earthquake 
occurrence. In the 
period from May 
2015 to March 2016 
we did not observe 
any variations.



Number of negative micropulses (red line) each hour from 19 August (doy 232) to 2 September
2016 (doy 246), while the blue line shows the integral trend in arbitrary scale, black vertical 
line represents the Amatrice earthquake occurrence and green horizontal line is the zero level. 
In the period from May 2015 to July 2016 we did not observe any negative micropulses.







Statistical Analsis of 
time series of data:

- average
- standard deviation
- skewness
- Kurtosis



skewness m3/(m2)3/2 kurtosis (m4/m2
2 – 3)







 = v/4   1484 m/s  170 m





Sopralluogo nella camera dei drenaggi nella mattinata del 13 ottobre 2016 
particolare della colorazione dell’acqua prelevata dal sondaggio S13



acqua del sondaggio S13 
3 novembre 2016





01 agosto 2017 01 gennaio 2021







0.3 – 1.0 Hz



MANGA E WANG, 2015

DE LUCA ET 
AL.,  2016
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