
THE GEOTHERMAL FIELD OF TORRE ALFINA
… is located in central Italy at the northern extremity
of the Vulsini quaternary volcanic complex. Geochemi-
cal and geophysical wells drilled in the 1970s and 1980s
down to depths ranging from 563 to 2.710 m revealed
that Torre Alfina is a medium-enthalpy (T=140°C) geo-
thermal field, hosted in buried fractured Mesozoic
limestones (Figures 1 and 2).
Recently a multi-national industrial company received
the license for the production of geothermal energy
up to a maximum of 5 MW.
In 2013, the INGV was commissioned to realize a
monitoring system that includes the observation of
gas emissions, microseismicity and ground deforma-
tion. National guidelines published recently by the
Italian Ministry of Economic Development (MISE)
regulate in detail the governmental monitoring ordi-
nances regarding the extraction of hydrocarbons and
the fluid injection due to waste-water and CO2 storage;
however, appropriate regulations concerning the
monitoring of geothermal energy production are
actually missing. Following the recommendations,
described in the Ministerial Decree that regulates the
geothermal production activity, the seismic moni-
toring system should be capable to record
(i) the local microseismicity during the phase of

geothermal energy production and
(ii) the natural seismicity since 12 months before the

beginning of the production operations.
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THE SEISMIC NETWORK ReMoTA
In 2014, we started to install a short-period seismic network near the future geothermal production site of Torre Alfina. Fig. 3 shows the station locations of 13 test sites (green
triangles), the reinjection wells (red circles) and the Inner Domain (yellow area) and Outer Domain (red area). The stations are equipped with 24 bit digitizers and short-period
seismometers. Concerning the monitoring of the local seismicity, a first test with a simple STA/LTA-detector provided satisfying results. Fig. 4 shows a recording example (15 min) of
the December 2014 seismic sequence with 18 successful detections (based on 4 three-component stations) of a total of ~200 triggered events (Mmax=2.6). The quality of the network
configuration was simulated by using the software MDESIGN developed by NORSAR: considering a local 1 D-velocity model and assuming a seismic network of 13 stations with a mean
noise level of 5 µm/s, the theoretical detection capability was simulated. Figs. 5a,b show the spatial distribution of the expected magnitude threshold for assumed hypocentral depths
of 1.5 km and 3.5 km, respectively. Fig. 5c images the corresponding W-E profile and Fig. 5d,e show the spatial distribution of the RMS for a depth of 2 km and 5 km.

Fig. 2: Geological setting of the study area. (1) Tuscan Mesozoic
carbonates, (2) Tuscan Mesozoic-Tertiary terrigenous deposits, (3)
Umbrian Mesozoic carbonates, (4) Umbrian Mesozoic-Tertiary
terrigenous deposits, (5) Flysch complexes of Ligurian and internal
Austrian-Alpine facies, (6) Neo-autochthonous marine deposits, (7)
Pliocene-Quarternary continental deposits, (8) Quaternary volcanic
rocks (after Buonasorte et al., 1988).

Fig. 1: Schematic block diagram of Torre Alfina geothermal field derived from the results of deep
drillings. (1) Quaternary volcanic deposits, (2) Pliocene marine deposits, (3) impervious covermade of
allochthonous Ligurian flysch, (4) geothermal reservoir in Tuscan fractured limestones, (5) extension
of the gas cap in the central part of the field, (6) isotherms in °C (after Buonasorte et al., 1988).

Fig. 3: Seismic network ReMoTA installed with respect
to the inner (yellow) and the outer domain (red area).

Fig. 4: Example of event detection by STA/LTA-trigger (using 5 three-component short-period stations) during a seismic 
sequence recorded on 21-dic-2014  near Torre Alfina . ReMoTAsuccessfully detects low magnitude seismicity before the 
main shock reported by the national catalog ISIDe at 14:40:58 GMT.

Fig. 5: Simulation of the detectability estima-
ted by MDESIGN for depths of (a) 1.5 km, (b)
3.5 km, (c) W-E profile. Spatial distribution
of RMS at (d) 2 km and (e) 5 km depth.

Fig. 10: (a) Comparison of low and high-noise amplitudes and (b) the corresponding amplitude spectra.

Fig. 11: Comparison of the amplitude spectra of two local earthquakes (ML=2.6 in red and Md=0.8 in green)
plotted with respect to (a) the “low-noise” spectra and (b) the “high-noise” spectra (fromFig. 10b) .

Fig. 12: Map of seismicity recorded around Torre Alfina for
the 106 days period in 2014-2015 (Fig. 9). The national EQ-
catalog ISIDe reports 46 events (blue circles) while the use of
ReMoTA-data enabled us to locate 289 earthquakes (red
circles) and 19 quarry blasts (red stars). Green and red
triangles depict the stations of ReMoTA. The rectangle
represents the zoom out of Fig. 13.

Fig. 13: Zoom-out of the epicenter map of Fig. 12 (rectangle). Three
main seismicity cluster can be distinguished by color: Dec-2014
(red), Mar-2015 (blue) and Nov-2015 (green). Green and red
triangles represent the stations of our local network ReMoTA The
blue triangle depicts the location of the accelerometric station of
the regional network (CVIS). The only seismic station of the INGV-
Seismic Monitoring Network is represented by a blue diamond.

Fig. 14: Map view (up) and vertical sections along A-B (left) and C-D (right) directions
of the background seismicity, recorded during the 106 analyzed days in the period
2014-2015 (yellow circle), and the three clusters plotted in figure 13: Dec-2014 (red
circle), Mar-2015 (blue circle) and Nov-2015 (green circle). Furthermore, the map
shows the focal mechanisms of the strongest events all related to the cluster
occurred in Dec-2014 (red circle) except the strongest one (Ml=2.8) that is related to
the background seismicity (yellow circle). Black triangles, with stations codes,
represent the ReMoTA stations; the blue triangle indicates the seismic station LATE
(INGV-Seismic Monitoring Network). Black lines depict the profile directions (A-B,C-D).

Fig. 8: Azimuthal dependence of spectral energy calculated for the horizontal
components of the three seismic stations (TA02–A13, TA04-PIC, TA03-MTL) that
recorded (on 22-set-2015) synchronous episodes of high seismic noise energy at
~4 Hz. The highest seismic energy is observed at TA02-A13, decreasing slightly
for TA04-PIC and TA03-MTL (from left to right). In the recordings of some
stations appear sometimes also secondary frequencies at 8.5 Hz (see also Fig. 6).

DATA QUALITY
The seismic noise level recorded at the single stations is unfavorably high, due to an intensive colonization
and numerous settlements of small and medium industries. Transients as well as persistent monochromatic
disturbances are recorded very well especially at the southern stations, probably due to a low wave energy
dissipation inside the layer of quaternary volcanic rocks (Fig. 6).

SEISMICITY IN THE TORRE ALFINA AREA BEFORE OBSERVED BEFORE STARTING EXPLOITATION
The depth distribution of the seismic events recorded during 18 months before the beginning of the geothermal exploitation is concentrated inside the upper crust at a depth
range between 4 - 8 km. The spatial distribution of the hypocenters seems to dip slightly towards SW beneath the area of Torre Alfina. This tendency together with the focal
solutions of the Dec 2014 seismicity cluster (red dots in Figs. 13, 14) highlights the presence of a normal fault with a weak transverse component striking in NW-SE-direction, within
splitting distance to the future geothermal production site. The other two seismicity cluster (Fig. 13,14) of Mar-2015 (blue dots) and Nov-2015 (green dots) seem to delineate
antithetic structures with respect to the main fault. Considering that the future production level will be at a depth range between 1500 – 2300 m, and being aware of the
hypocentral uncertainties, the discrimination between “natural” earthquakes and seismicity triggered by anthropic activity will be an important challenge (Braun et al., 2015).

Fig. 6: Seismograms and spectrograms showing the sudden increase (“power on”) and decrease (“power off”) generated by industrial
activity near Torre Alfina (frequency bands B and C in Fig. 7). Such persistent monochromatic disturbances can last for hours, propagate
several kilometers and contaminate the seismic recordings of the “Inner Domain” stations.

Fig. 7: Power spectral density (Z,N,E-component of
TA05) calculated for a 1 h window. Seismic noise
shows high spectral energy in the frequency
bands A (1-2 Hz), B (~ 4Hz) and C (9-11 Hz). Dashed
lines represent NLNM and HNNM (Peterson, 1993).

Fig. 9: Recording days (between 1 jun-2014 and 30-nov-2015) where the national catalog ISIDe reports seismic 
activity at Torre Alfina. The highlighted days were chosen to run the STA/LTA-trigger (Fig. 4) and detected 
seismicity was then located by using Hypoellipse. 


