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Abstract

Following the earthquake (M1=6.0) of 24 August 2016 that affected large part of the central Apennine be-
tween the municipalities of Norcia (PG) and Amatrice (RI) (Central Italy), two soil gas profiles (i.e.,
222Rn, 220Rn, CO; and CO; flux) were carried out across buried and exposed coseismic fault rupture of the
Mt. Vettore fault during the seismic sequence. The objective of the survey was to explore the mechanisms
of migration and the spatial behaviour of different gas species near still-degassing active fault. Results
provide higher gas and CO; flux values (about twice for 222Rn and CO; flux) in correspondence of the bur-
ied sector of the fault than those measured across the exposed coseismic rupture. Anomalous peaks due to
advective migration are clearly visible on both side of the buried fault (profile 1), whereas the lower soil gas
concentrations measured across the exposed coseimic rupture (profile 2) are mainly caused by shallow and
still acting diffusive degassing associated to faulting during the seismic sequence. These results confirm
the usefulness of the soil gas survey to spatially recognise the shallow geometry of hidden faults, and to
discriminate the geochemical migration mechanisms occurring at buried and exposed faults related to
seismic activity.

1. INTRODUCTION enous gases with different origins (i.e., trace
gases, i.e.,, radon and helium, and carrier gases
SOII gas survey has been widely used to i.e., carbon dioxide, nitrogen, methane, etc.)

trace buried faults and to study the be- and [e.g, King, 1985; Baubron et al, 2002;
haviour in the shallow environment of endog-  Cjotoli et al., 2007; Fu et al., 2008; Walia et al.,
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2009; Ciotoli et al., 2014; Bigi et al., 2014; Sciar-
ra et al., 2014]. Furthermore, over the past sev-
eral years’ soil gases has captured considerable
attention as earthquake precursors [Wakita et
al., 1980; Reddy et al., 2004; Walia et al., 2009;
Perez et al., 2007; Ghosh et al., 2009; Hashemi
et al., 2013; Petraki et al., 2015], in fact that the
stress/strain changes related to seismic activity
may force crustal fluid to migrate up, especial-
ly along active faults, thereby altering the geo-
chemical characteristics of the fault zone at
surface [Rice, 1992; Sibson, 2000; Collettini et
al., 2008]. The migration of these gases by dif-
fusion and/or advection along buried active
faults can generate shallow anomalies with
concentrations significantly higher than back-
ground levels; these anomalies can provide re-
liable information about the location and the
geometry of the shallow fracturing zone, as
well as about the permeability within the fault
zone [King et al., 1996, Baubron et al., 2002;
Ciotoli et al., 2007; Annunziatellis et al., 2008;
Bigi et al., 2014; Sciarra et al., 2014].

Among the soil gases, 22Rn, a radioactive inert
gas with a half-life of 3.82 days, is considered a
convenient fault tracer in geosciences, because
of its ability to migrate to comparatively long
distances from host rocks, as well as the effi-
ciency of detecting it at very low levels. While
other gases have also been considered as tracer
of hidden faults, however, bulk of reports in
the scientific literature are focused on radon.
Local increases in radon emanation along
faults could be caused by a number of process-
es, including precipitation of parent nuclides
caused by local radium content in the soil
[Tanner, 1964; Zunic et al., 2007], increase of
the exposed area of faulted material by grain-
size reduction [Holub and Brady, 1981; Koike
et al., 2009; Mollo et al., 2011], and carrier gas
flow around and within fault zones [e.g., King
et al., 1996; Annunziatellis et al., 2008]. Given

the acceptance that the concentrations of radon
gas are the result of advective gas flow associ-
ated with elevated permeability in fault zones,
soil gas surveys are widely regarded to be an
effective tool to map buried or blind faults not
detected during mapping of the surface geolo-
gy [King et al., 1996; Burton et al., 2004; Ciotoli
et al., 2007, 2015, 2016].

Soil gas migration does not necessarily occur
in the same way through all faults, and the
mechanism is still disputed. Two possible sce-
narios can be considered: in correspondence of
hidden faults, with low permeability core
bounded by damage zones, high soil gas con-
centrations should occur laterally above the
fracture zones. In contrast, in correspondence
of exposed and fresh faulted zones the open
fracture network provides interconnected gas
migration pathways, resulting in low gas con-
centrations and higher gas flux rates [Annun-
ziatellis et al., 2008].

This paper is aimed to study the processes that
produce gas anomalies of radon isotopes, 2'Rn
and ??Rn, and a CO2 as carrier gas, in corre-
spondence of the Vettore-Gorzano active fault
system (about 20 km long, with direction
NNW-SSE, W dipping) that generated the
strong earthquake (Mi=6.0), and the seismic
sequence of the central Apennine on 24 August
2016 between the municipalities of Norcia (Pe-
rugia) and Amatrice (Rieti) (Fig. 1a). The
movement of this fault caused an extension of
the Apennine range of about 3-4 cm between
the Tyrrhenian and Adriatic coast [AMA_LOC
Working Group 2016]. Starting from the nucle-
ation point (about 8 km deep in the proximity
of the Accumoli village), the rupture of the
fault propagated both towards NO and SE.
Accelerometer and SAR data indicated that the
fault is not homogeneously displaced along its
length, but is characterized by two main areas
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of displacement (maximum about 1m) on the
fault plane.

Concentration of 222Rn, 2Rn and CO:2 in soil
gas and the CO: flux was measured along two
profiles crossing buried and exposed sectors of
the fault coseismic rupture that extends for
about 5.2 km along the SW flank of the Mt.
Vettore (Fig. 1b). In order to explore the possi-
ble mechanisms of soil gas transport near ac-
tive fault, we infer that gas anomalies are orig-
inated by both (1) advective flow along the
fault zone, and (2) increased diffusive migra-
tion in the soil due to surface processes associ-
ated with faulting.

II. METHODS

The Mt. Vettore-Mt. Bove fault system, togeth-
er with the Mt. Castello-Mt. Cardosa system,
and the Norcia-Mt. Fema system [Calamita
and Pizzi, 1993; Calamita et al., 1993], is a part
of the Sibillini regional thrust that bounds the
Apennine mountain front, separating it from
the Marche-Abruzzi foothills. This thrust was
active all along the Messinian and controlled
the position of the southern basin margin [Mil-
li et al., 2007; Bigi et al., 2009], superimposing
the pelagic Meso-Cenozoic carbonates succes-
sions onto the Laga Messinian turbidite depos-
its [Centamore et al., 1992; Bigi et al., 2011].
The post-orogenic structures in the study area
consist on Pliocene-Quaternary N150° high-
angle normal, oblique and, subordinately,
strike-slip faults [Tavani et al.,, 2012]. These
fault systems are formed by fault segments
(generally, WSW-dipping) with an en-échelon
geometry or connected to each other by trans-
fer faults. The main slip surfaces of the fault
crop out along the western slopes of the Mt.
Vettore, forming prominent fault scarps
[Pierantoni et al., 2013].

The Mt. Vettore-Mt-Porche carbonatic struc-
ture belongs to the basal hydrogeological
complex of the Mts. Sibillini carbonatic hydro-
structure constituted by Calcare Massiccio,
Corniola formations and separated by the silic-
ic-calcareous complex from the upper aquifer
of the Maiolica system. The hydrogeological
flow direction of the basal complex is affected
by the main tectonic elements of the area, thus
resulting in a N-S drainage along the structure
[Boni & Petitta, 2007; Nanni & Petitta, 2012].
Few springs occur on the eastern side of the
Sibillini Mts. along of the structural contact
(i.e., Sibillini thrust) between the carbonate
hydrostructure of the Mt. Vettore and the Laga
flysch at about 900 m a.s.l. [Boni et al., 1987].

In this area, soil gas measurements were car-
ried out along two parallel profiles (P1 and P2)
crossing buried and exposed sectors of the Mt.
Vettore fault system, respectively (Fig. 1b). The
exposed fault is represented by a coseismic
rupture with an offset of about 20 cm visible in
the field at 1500 m a.s.l. (Fig. 1c). The rupture
crosses the road SP34 and at about 1400 m a.s.L.
is buried under the sedimentary cover of a
small valley; in the valley a morphological
scarp of about 4-5 m occurs along the fault di-
rection (Fig. 1d).

Soil-gas and flux measurements were per-
formed in September in a period of stable me-
teorological conditions (i.e., an average day
temperature of 25°C and no precipitation). A
total 50 soil gas samples, as well as 69 CO: flux
measurements, were collected along two pro-
files according to a sampling distance ranging
from 10 to 30 m. Soil gas samples were collect-
ed using a 6.4 mm, thick-walled, stainless-steel
probe pounded in the soil at a depth of about
0.6-0.8m by using a co-axial hammer [Ciotoli et
al., 2007; Beaubien et al., 2015]. Soil gas was
pumped from the probe into the portable de-
vices at the velocity of 1 L m-1. The sampling
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Observation type
Coseismic rupture with ofisat [

Coseismic fracture

Cosaismic sliding

Figure 1. The figure shows: Digital Terrain Model of the area hit by the earthquake (ML=6.0) of 24 August 2016 that
affected large part of the central Apennine between the municipalities of Norcia (PG) and Amatrice (RI) (Central Ita-
ly), with different type of field recognised coseismic ruptures (A); the location of the soil gas profiles (B); photos of the

investigated sites (C and D).

depth ensures little influence of meteorological
parameters due infiltrating atmospheric air
[Hinkle, 1994]. Soil gas analysis have been
conducted by using a portable gas analyser
(Draeger X-am 7000, accuracy <5%) connected
to the probe for simultaneous analyses of car-
bon dioxide (COz, range 0-100%), oxygen (O2,
range 0-21%), methane (CHs range 0-100%
LEL), hydrogen (Hz, range 0-600 ppm) and
hydrogen sulphide (H:S, range 0-1000 ppm).
Radon and thoron were measured by using
Durridge RAD?7 instrument (+/-5% absolute
accuracy, and a sensivity of 0.25 cpm/(cCi/L),

0.0067 cpm/(Bg/m?3) and performing three/four
measurements of radon and thoron activity
each with 5-minute integration time. The
measurement is repeated until the difference
of the last two integrations was reduced at
least below 10-5%. The result was determined
by taking the average of the last two integra-
tions. CO2 flux measurements were accom-
plished by using the West System (West Sys-
tems ™) accumulation-chamber method
equipped with beam CO: infrared sensor
(LICOR LI8200) with an accuracy of 2%, re-
peatability +5 ppmv and full scale range of
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2000 ppmv, and wireless data communication
to a palm-top computer. The gas fluxes are au-
tomatically calculated through a linear regres-
sion of the gas concentration build-up in the
chamber.

III. REsuULTS

Data statistics for CO2, O2, 22Rn and 22°Rn are
listed in table 1. No detectable concentrations
of CHs, H2 and H2S were observed. Generally,
soil gas samples exhibited high concentrations
compared with atmospheric air content (COz:
0.036%, #?Rn and 2*Rn: 0.01 kBq m?) [Ciotoli
et al., 2007]. The calculation of the main statis-
tical indexes indicates clear differences of the
mean values for 22Rn and 220Rn between the
two profiles: higher mean values are calculated
across the buried sector of the fault (Fig. 2a,
P1), whereas lower mean values occur across
the coseismic rupture (Fig. 2b, P2). Compara-
ble CO2 mean concentrations were observed
along both profiles.

CO2 flux values also show a higher mean for
the P1, approximately twice than that calculat-
ed for the P2, and a high variability being af-
fected by the vegetation, shallow soil charac-
teristics (i.e.,, porosity, fracturing, moisture
content, temperature, etc.), as well as meteoro-
logical conditions (i.e., wind speed, air tem-
perature, rainfall, etc.) [Metzger et al., 2008].
Normal Probability Plots (NPP) were used to
statistically select background, anomalous val-
ues and extra outliers of the collected data
[Sinclair, 1991; Ciotoli et al., 2007]; in particular
values above 10 kBq m- for 22Rn, 6 kBq m? for
20Rn, and 1.0% for CO:2 have been considered
as “anomalies”. Furthermore, CO: flux values
above 20 (g m?2 day') may be considered statis-
tically anomalous, as background values can
be approximately defined by the vegetation
contribution (up to 10 g m? day"') from mead-
ows and pasture typical of this mountain envi-
ronments in central Italy [Bahn et al., 2008]..

Table 1. Main statistics of soil gas data collected along the two profiles. CI, Confidence Interval; GM, Geometric Mean;
Min, Minimum value; Max, Maximum value; LQ, Lower Quartile; UQ, Upper Quartile; St.Dev. Standard Deviation.
Gas concentrations are expressed: carbon dioxide, CO:z (%, v/v); oxygen, Oz (%, v/v); radon isotopes, ?Rn and ?»°Rn

(kBq m3) and flux of CO2, ¢CO:2 (g m day™).

N Mean + (CI) GM + (CI) Min Max LQ UQ St.Dev.
Profile 1
CO: 21 1.06 (0.92-1.30) 0.96 (0.85-1.09) 0.30 2.60 080 1.20 0.52
O2 21 19.10 (18.57-19.62) 19.06 (18.50-19-63) 15.10 20.30 19.00 19.60 1.15
2Rn 21 9.68 (4.57-14.80) 5.31(3.09-9.11) 0.49 3690 4.03 8.16 11.24
20Rn 21 9.48 (5.95-13.02) 6.53 (4.24-10.05) 0.88 26.30 3.33 13.70 7.766
¢CO2 21 39.54 (28.81-50.25) 32.80 (24.40-44.08) 10.73 88.30 21.39 53.21 23.55
Profile 2
CO:2 16 0.84 (0.71-0.96) 0.79 (0.63-0.98) 0.20 120 0.80 1.00 0.23
O 16 19.58 (19.38-19.78)  19.58 (19.37-19.78) 18.60 20.10 19.45 19.80 0.37
2Rn 16 3.88 (2.56-5.22) 3.17(2.20-4.57) 072 9.15 226 556 2.49
20Rn 16 6.72 (4.08-9.35) 5.01(3.23-7.79) 120 14.80 245 10.65 4.94
¢CO2 16 18.39 (13.44-23.33) 16.31 (12.34-21.54) 4.79 42.71 12.08 25.08 9.28
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Lewicki et al., [2000] reported comparable
anomalous CO:z flux > 18 g m? day™ along San
Andreas Fault.

All studied gases show peaks different in
magnitude and distances along the profiles.
The spatial distribution of 22Rn and CO: val-
ues along P1 highlights higher values than
those measured along P2, but not exclusively,
proximal to the coseismic rupture (Fig. 2).
Along P1, 22Rn and #?Rn sharp peaks occur on
both sides of the hidden fault trace at a dis-
tance ranging between 210-240 m (up to 35 kBq
m? and 25 kBq m?, respectively) on the foot-
wall, and a minor peak occurs at a distance of
130 m (about 15 kBq m? and 10 kBq m?, re-
spectively) on the hanging wall (Fig. 2a). The
lowest 22Rn activity (about 1-2 kBq m?) occur
between the two peaks in correspondence of
the base of the fault scarp, and beyond the dis-
tance of 310 m where both radon isotopes ac-
tivity drops to background values (about 6 kBq
m3). CO:2 concentrations also follow a similar
trend to radon isotopes, being generally higher
on both side of the fault than within the fault
scarp (1.5-2.5 versus 1.0 %). Clear major peaks
up to 2.5 % occur on the right side of the bur-
ied fault at a distance ranging between 210-240
m, and minor peaks (up to 1.5%) occur on the
left side of the fault at distances of 40 and 130
m, respectively. Along this profile, CO2 back-
ground values are below 0.6%; therefore, the
minor peaks up to 1.5%, coincident with radon
peaks, could also be considered significant.

At P2, 22Rn activity increases from 2 to 10 kBq
m= up to the shallow coseismic rupture (at a
distance of about 200 m) (Fig.2b); then radon
abruptly decreases up to 1-2 kBq m? on the
right side of the rupture. CO2 concentrations
seem to fluctuate around the mean value (0.8
%), and shows a sharp decrease at 160 m,
about 40 m from the visible coseismic rupture
where the CO:z concentration increases up to

1.2 %. However, the difference between the
fault (anomalous) and background popula-
tions is not statistically significant along this
profile.

m{'u‘. (%o, ¥iy

Figure 2. Radon isotopes (**?Rn and ?*°Rn) and CO: soil
gas profiles carried out across a fault scarp of the Mt.
Vettore fault (profile 1, A-A’) (a), and across a coseismic
rupture (profile 2, B-B’). The radon isotope activity along
the profile 2 is multiplied by 3 in order to better highlight
peaks and for an easy comparison with the higher activi-
ties measured along the profile 1.

Figure 3 shows the comparison of CO: flux
measurements vs CO: along the two profiles.
In both profiles values are significantly higher
(about 4 and 2 times, respectively) than the
normal CO2 flux produced by the soil vegeta-
tion (maximum 10 g m? day") of the area
[Bahn et al., 2008].

COSCISMIC ruplure’ o
Tault scarp

2

of COy (g m? d)

Flux

0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
Distance (m})

Figure 3. Comparison between the CO: flux values and
the CO:z concentrations measured along the two profiles.
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In particular, P1 shows major peaks more or
less coincident (a shifting about 10m toward
the origin) with those highlighted by soil gas
data. Carbon dioxide flux along P2 highlights a
good coincidence with the CO2 and 2°Rn peaks
(Figg. 2b and 4).

IV. DiscussioN

Active faults contribute to gas leaks because
they are deep weakened zones composed of
highly fractured materials that increase soil
permeability at surface. However, the interpre-
tation of a gas anomaly near a fault is a com
plex challenge, and involves the evaluation of
the type of migration mechanism (i.e., diffu-
sion/advection at different site-specific condi-
tions, including the presence of potential carri-
er gases), soil composition and thickness, soil
permeability, and fracturing.

In the present study, this potential scenario is
complicated by the fact that sampling was ac-
complished in the middle of the seismic se-
quence of the earthquake of 24 August 2016

and that, at that time, two events of magni-
tude 3.9 with epicentres close to about 4 km
from the survey area occurred. In this phase of
an earthquake, spike anomalies occur in corre-
spondence of lateral sectors of buried active
faults as a result of the opening fractures, as
well as diffuse degassing, affected by the shal-
low conditions (i.e., potential atmospheric di-
lution), in the exposed fractured areas (Fig. 1a).
Soil-gas profiles crossing the buried (P1) and
exposed (P2) sectors of the Mt. Vettore fault
rupture highlight a non-continuous leakage of
the studied gases, both in magnitude and spa-
tially. In particular, high concentrations were
measured along the P1, with sharp peaks of
222Rn, 220Rn and CO2 on both side of the fault,
and background values in correspondence the
fault core scarp. In contrast, P2 shows lower
concentrations of the studied gases, but both
22Rn and 2°Rn abruptly drop of their activities
on the eastern side of the fault (i.e., footwall).
Obtained results can be resumed by the two
hypothesised gas leak scenarios (Fig. 4).

fault scarp

i g

fault core - *'Rn due -
to shallow permeability

fault

. deep gas
migration pathways

o and *Ro (kBg m)
SEEEY

150

0140 160 188
Distance (m)

Figure 4. Sketch draws of the two inferred tectonic scenarios along the two profiles: hidden fault with impermeable
core, high soil thickness and lateral diffuse fracturing which highlights advective 2?Rnmigration with peaks on both
sides of the fault and a peak of 2°Rn /??Rn ratio in correspondence of the fault core (A). Exposed coseismic rupture
with low soil thickness a diffuse shallow fractures which highlights low concentrations of »?Rn and higher ?°Rn

peaks due to a diffusive shallow degassing.
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Along P1 coincident peaks of CO: and radon
isotopes on either side of the fault plane, hid-
den below significant thickness of unconsoli-
dated cover material, can be linked to the ex-
tensive fractures proximal to the fault core that
significant increase gas channelling and sur-
face leaks. In contrast, the fault core constitutes
a less permeable zone where the outgassing
rate is decreased by the closure of the fractures
caused by the strain changes and formed in the
plastic soil cover. However, because in corre-
spondence of hidden faults fractures can re-
main open at depth, they provided a steady,
but reduced gas flux to the surface (Fig. 4a).
On the contrary, along P2 lower radon iso-
topes and CO2 concentrations occur due to the
increased permeability caused by the opening
of the coseismic fractures during the earth-
quake, as well as by the low soil thickness that
facilitates dilution due to the gas exchange
with atmospheric air, therefore masking any
deep input. More complex is the interpretation
of the CO: flux that in general is affected by
many variables such as, vegetation, soil hu-
midity and temperature, as well as meteoro-
logical parameters. The anomalous CO: flux
measured along P1 and P2 suggests the pres-
ence of a deeper contribution to the “typical”
soil production in this area, as well as a high
permeability of the fault zone where both ad-
vective (mostly at P1) and diffusive (mostly at
P2) contributions occur. In general, high CO:
flux is correlated with high soil gas CO2 con-
centrations in zones characterised by high
permeability =~ dominated by
transport, but the opposite is not always true
due to the many parameters that affected CO2
flux in the shallow environment (Beaubien et
al.,, 2008; West et al., 2015). However, when
both CO: flux and concentration are function
of soil production rate, a diffusive transport
across soil-air interface can be assumed. Ac-

advective

cording to Lewicki et al., [2000], we suppose
that in correspondence of high permeable frac-
ture zones (Profile 1) the enhanced near sur-
face diffusion increases advection mechanisms
at depth; whereas, in correspondence of the
coseismic rupture (Profile 2) a diffusive gas
transport provides low CO:z concentrations and
high CO: flux. Considering that samples have
been collected during the seismic sequence, the
hypothesis that anomalous CO: flux can be
linked to the degassing along the fault dam-
age-zone after the 24th August earthquake can-
not be excluded. In support of this hypothesis,
it is worth to note that measured CO: flux val-
ues are comparable with those measured dur-
ing the Emilia 2012 seismic sequence (ranging
from 2.3 to 77.3, mean value 16.8 g m? day")
[Sciarra et al.,, 2012]. Regarding the origin of
the CO:, we refer to Chiodini et al., 2011 (and
references therein) in which an input of CO:
derived from metamorphic decarbonation of
local carbonates is reported in the regional
groundwater aquifers of the Apennines. The
interpretation of deep origin radon anomalies
along the two profiles may be related to the
strain changes during preparation of earth-
quakes [Holub and Brady, 1981; Ghosh et al.,
2009; Zoran et al., 2012; Namvaran and Negar-
estani, 2012]. Radon is considered an excellent
fault tracer, but due to the short half-life of its
isotopes (2°Rn has a half-life of 55.6 s and 22Rn
has a half-life of 3.82 days), its migration dis-
tance is limited. However, where the advective
migration occurs, the maximum migration dis-
tance is strongly increased by the “carrier ef-
fect” of other major gases (i.e., CO2); in this
context the velocities and the travel distances
can reach respectively 0.1-1 cm/s and about
1m for 2°Rn and up to few km for ??Rn [Tan-
ner, 1978; Huxol et al., 2012; Davidson et al.,
2016]. Furthermore, the different migration
mechanism of each isotope can provide infor-
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mation about the processes that contribute to
their concentration near faults. Due to its short
migration distances, 2°Rn provides indication
of radon gas production within soil; in con-
trast, the 2?Rn could migrate both from the soil
or from deeper sources, in some cases kilome-
tres below the ground surface. Therefore, the
comparison of these two radon isotopes can
contribute to distinguish the soil radon emana-
tion from the deep migration with carrier gas.
The calculation of 29Rn/???Rn ratio offers a tool
to eliminate the contribution of radon isotopic
fraction generated in the shallow soil materials
(i.e., ?°Rn). In the profile 1, the 2°Rn/???Rn ratio
shows a clear peak in the area of the fault
scarp, and a rapid drop on both side of the
fault. This behaviour is in contrast with the
22Rn along the profile and supports the hy-
pothesis that in the fault core a radon produc-
tion occurs due to the high porosity of the
shallow cover material that masks the radon
gas migration from deep opened fractures (Fig.
4a). On the contrary, the 20Rn/?2Rn ratio along
the P2 figures out the same behaviour of 2Rn,
thus demonstrating that the shallow produc-
tion of this isotope is originated in the soil, and
diffuses at surface due to high fracturing that
pervades the exposed coseismic rupture (Fig.
4b).
V. CONCLUSION

Soil gas and CO2 flux anomalous values have
been recorded in correspondence of buried
and exposed sectors of the active Mt. Vettore
fault system that generated the strong earth-
quake (Mr=6.0) on 24 August 2016. Elevated
22Rn, 2Rn and CO: gas concentrations, as
well as CO2 flux values were measured along
P1 on both side of the buried fault due to gas
advection within the fault-related fracture
zone. Along P2 the lower soil gas concentra-
tions can be partially attributed to local pro-

duction and to the increased permeability of
this area caused by scarce soil thickness and
the presence of high fracturing of the exposed
fault rupture. Although CO: flux measure-
ments could be affected by site-specific condi-
tions, the high measured values, as well as the
coincidence with the peaks of the other soil
gases, suggest a degassing process along the
buried and exposed fault sectors probably
linked to the occurring seismic sequence. Re-
sults confirms that soil gases in general, but
especially 22Rn, constitute excellent tracers of
buried faults, whereas in correspondence of
the coseismic rupture degassing processes are
demonstrated only by flux measurements
probably related to the seismic activity that
enhanced gas leakage underground.

The obtained results encourage the renewal of
the research about the use of radon and other
gases as earthquake precursors. At this re-
gard, two multi-parametric geochemical mon-
itoring stations (gasPRO) will be deployed
proximal to the Mt. Vettore fault and to the
Gorzano fault (few kilometer south). This last
active fault, activated during the L’Aquila
seismic sequence in 2009 [Bigi et al., 2012]
crosses a high exposure zone due to the pres-
ence of the dam of Rio Fucino, Campotosto
lake (central Italy). The continuous monitor-
ing of geochemical parameters in the areas of
high seismicity, and along active fault zones,
could help to better describe the leakage vari-
ation through these structure. In fact, usually
measurements are performed after the main
earthquakes events and few information are
available for gas/fluid activity and circulation
during the pre-seismic period of time. This
period instead is characterized by physical
variation theoretically well known, but not so
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well described in terms of observed variation
of field parameters.
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