
Deciphering the source parameters and genesis of  
the 2017, Mw 4 Montesano earthquake 
close to the Val d'Agri oilfield (Italy)  

Profile from 
 Menardi Noguera and Rea (2000) 

limit of seismic data images 

Profile from 
 Menardi Noguera and Rea (2000) 

Montesano 
Eq. 

limit of seismic data images 

Costa 
Molina 2 

Val d’Agri 
EAFS MMFS 

limit of seismic data images 

Profile from 
 Menardi Noguera and Rea (2000) 

Montesano 
Eq. 

D
ep

th
 (

km
) 

	

J. A. López-Comino, T. Braun, T. Dahm, S. Cesca & S. Danesi 
German Research Foundation

Val d’Agri oilfield & Mw 4 Montesano eq. Directivity analysis Probabilistic discrimination  
(natural, triggered or induced) 

0.00 0.25 0.50

dmc/dt (kPa/yr)

0 5 10

km

 

14km depth

a)

15˚48'

15˚48'

16˚00'

16˚00'

40˚12' 40˚12'

40˚24' 40˚24'

0.0 0.5 1.0

trigger potential pD

0 5 10

km

 

Ptrig=5.86%

Ptrig in %

#%

b)

15˚48'

15˚48'

16˚00'

16˚00'

40˚12' 40˚12'

40˚24' 40˚24'

0
20
40
60
80

0 10 20 30

Probabilistic discrimination analysis 
	 German Research Foundation

0.00 0.25 0.50

dmc/dt (kPa/yr)

0 5 10

km

 

14km depth

a)

15˚48'

15˚48'

16˚00'

16˚00'

40˚12' 40˚12'

40˚24' 40˚24'

~ 0.25 kPa/yr   at 14 km depth !τ D

A significant pressure depletion 
started at the end of 2001 and the 
pore pressure continuously 
decreased until the end of the 
simulation period in 2017.  

Other parameters: 
-  Fault geometry of plane 1 
-  Reservoir thickness = 800 m  
-  Biot constant = 0.1 
-  Poisson ratio = 0.25 
-  Friction coefficient = 0.6   

We assume a pressure drop on the 
range between 4.5 – 18 Mpa through  
16 years over the whole field.  

!τ D Depletion-induced Coulomb stress rate: from the long-term 
hydrocarbon extraction. 
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-  Asymmetric bilateral rupture (70 % in N310°W).  
-  Apparent durations from 0.11 to 0.21 s ; Rupture length ~ 0.3 km. 
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- Asymmetric bilateral rupture  
(70 % in N310°W).  

- Apparent durations (0.11 - 0.21 s) 
- Rupture length ~ 0.3 km. 

Water reservoir 
induced seismicity 
(Ml < 3 )  

Wastewater 
induced seismicity  
(Ml < 2.2)  

Ø  Montesano earthquake activated a deeper fault segment 
associated to the East Agri Fault Systems.  

Ø  Our results suggests a natural cause due to the local tectonic 
stress.   

Conclusions 

Montesano 
eq. Mw 4 
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Fig. 7. Structural cross-section across the CLA (A–A∞ profile) and gravity modelling. The gravity modelling was made using the following density values: Liguride and
Sicilide Complex=2.4 g/cm3, Piggyback basins and APP clastics terrains=2.4–2.45 g/cm3, Extenal Flysch Complex=2.4 g/cm3, LB=2.55 g/cm3, IAP and OAP car-
bonatic succession=2.72 g/cm3, Bradanic Foredeep and Pliocene of IAP and OAP=2.35 g/cm3, Paleozoic and Basement=2.68 g/cm3, Mantle=3.2 g/cm3.
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Mw 4 
Montesano 
earthquake 

Fig. 2 (a) Epicentres (01/2001–09/2019) in the area of the hydro-
carbon exploitation concession (black line) in Val d’Agri (data
courtesy of ENI). Coloured lines represent the Inner Domain (oil-
water contact, OWC + 5 km, blue) and the Extended Domain
(OWC + 10 km, red), according to the ILG. Seismic events are
represented by coloured magnitude-sized circles and stars

according to the Table 1. PI=Pertusillo Impoundment; CM2 =
reinjection well CM2. (b) Vertical profile showing the seismicity
projected on the line PP’ (projection width ± 20 km, dotted line).
Note that most of the seismicity reported below CM2 belongs to
the projection of the seismic cluster located SWoff PI

J Seismol

October 27th, 2017,  
Mw 4 Montesano earthquake  

? Natural, triggered or 
induced event 

Discrimination analysis to 
decipher the origin 

Ø  Val d’Agri (VA) oilfield: largest European on-shore hydrocarbon reservoir.   
Ø  Our target: largest event in the last 20 years inside the Extended Domain 

(DE) of the VA oilfield.  

Braun et al., 2020 



Val d’Agri oilfield 
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Ø  Hydrocarbon exploitation started in 1996;  
   full production in 2010. 

Ø  24 production wells from 1.8 to 3.5 km depth. 

Ø  Costa Molina 2 (CM2):Wastewater disposal well  
in 2006, injection point at 3 km depth. 

Ø  Tectonics:  

NE - SW extension 
accommodated by two 
main fault system: 

-  Monti della Maddalena 
(MMFS) on the SW 
edge, dipping to the NE.  

-  Eastern Agri (EAFS) on 
the NE edge, dipping to 
the SW. 

Normal-faulting 
earthquakes  

Profile from 
 Menardi Noguera and Rea 

(2000) 

limit of seismic data images 



Val d’Agri oilfield: seismicity 
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Ø  Since 1990, only few seismic events with Mw > 3 (Cucci et al., 2004). 
Ø  Most destructive earthquake: 1857, Mw 7 (event source still under debate). 
Ø  Two significant induced seismic clusters: 

Water reservoir 
induced seismicity 
linked to the artificial 
Pertusillo lake.  
(Valeroso et al., 2009) 

- Depth range:1 -5 km 
- Ml < 3   

Wastewater induced 
seismicity linked to 
the CM2 in June 2006 
(Improta et al., 2015) 

- Depth range: 
 1.5 -5.5 km 

- Ml < 2.2   

single 
aftershock 

(Ml 2.1) 



	 German Research Foundation

Moment tensor inversion  

(c) Selection of waveform and spectra �t

(a) Double couple component (b) Deviatoric moment tensor

(c) Selection of waveform and spectra �t

(a) Double couple component (b) Deviatoric moment tensorØ  GROND (Heiman et al., 2018) 

NW-SE oriented 
normal faulting 
Mw = 4.0 ± 0.2 
depth = 14 ± 2.8 km   

Plane 1 
dipping SW 

Plane 2 
dipping NE 

Strike (°) 131 327 

Dip (°) 43 48 

Rake (°) -102 -79 

Plane dipping to SW or NE ? 
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Ø  Empirical Green’s Function (EGF) 
technique to obtain: 

The summation is over all the selected stations 1 to i, and the
azimuthal variation of τc provides information on the direc-
tion of rupture. The shortest rupture time indicates rupture
propagating in that direction and vice versa.

Subsequently, the resolved source model facilitates the
estimation of additional rupture parameters such as rupture
length and rupture speed. The 3D formulation of the
observed rupture duration (τc) at a given station is

EQ-TARGET;temp:intralink-;df3;55;466τc !
L
Vr

−
L

VP;S
"sinδr sinδt# cosδr cosδt cos$ϕr−ϕt%&; $3%

in which L and Vr represent rupture length and rupture
speed, respectively. (ϕr; δr) and (ϕt; δt) represent the azimuth
and dip of the rupture and the ray’s takeoff direction for the
given station, respectively. The 3D directivity effect is par-
ticularly important for understanding intermediate or deep
earthquakes (Park and Ishii, 2015), but for the purpose of
this study, we focus mainly on the horizontal component

of the rupture. If a unilateral horizontal
rupture is assumed, δr is equal to 0°.
Because a large portion of stations used
in this study allows the assumption of δt
to be close to 90°, we can further simplify
equation (3) such that the variation of τc
can be modeled with

EQ-TARGET;temp:intralink-;df4;385;649τc !
L
Vr

−
L

VP;S
cos

!
ϕr − ϕt

"
; $4%

in which L and Vr can be estimated. This
methodology is mostly sensitive to the ini-
tial unilateral component of the rupture,

and the resolved rupture length likely corresponds to the rup-
ture area with peak energy release.

We also calculate the static stress drop (Δσ) of these
events using the following equation from Lay and Wallace
(1995), assuming that the rupture width scales approximately
with the rupture length:

EQ-TARGET;temp:intralink-;df5;313;500Δσ !
2

π
M0

L3
; $5%

in which M0 stands for the moment magnitude. We compare
our estimates with those obtained from corner-frequency
analysis based on EGFs (Y. Huang et al., 2017).

We obtain source information of the target and EGF
earthquakes from the Advanced National Seismic System
composite earthquake catalog and the St. Louis University
catalog, including epicenter location, moment magnitude,
focal depth, and focal mechanism (Table 1). To ensure the
quality of EGF events, the following selection criteria are
imposed: (1) a lateral distance within 7.5 km from the target
event, (2) an occurrence within 1.5 months after the target

Figure 3. (a) Empirical Green’s function (EGF) events are smaller earthquakes with
similar source mechanisms that occur very close to the target event. One advantage of
the EGF approach is to bypass the fundamental difficulty in resolving propagation and
site effects. (b) The target event can be modeled by convolving the EGF record with
appropriate source time functions (STFs). STF duration varies with station azimuth from
fault, and hence can constrain the rupture nodal plane as well as the rupture direction.
The color version of this figure is available only in the electronic edition.

Table 1
A List of Earthquakes Used in This Study, with Source Information from the Advanced National Seismic System (ANSS) and the St.

Louis University (SLU) Earthquake Catalog

Region Event
Date

(yyyy/mm/dd)
Time (UTC)
(hh:mm:ss)

Longitude
(°N)

Latitude
(°W)

Lateral Distance
from MS (km)

Focal
Depth (km) Magnitude Mw Strike Dip

Prague Mainshock 2011/11/06 03:53:10 35.532, 35.537 96.765, 96.747 N/A 5.2, 5.0 Mw 5.7, Mw 5.6 54, 235 88, 85
EGF 1 2011/11/06 10:52:36 35.537, 35.567 96.779, 96.797 1.4, 5.6 3.1, 5.0 Mw 3.6, Mw 3.6 232 80
EGF 2 2011/11/06 17:52:34 35.494, 35.548 96.828, 96.819 7.1, 6.6 3.1, 5.0 Mw 3.4, Mw 3.4 54 85

Fairview Mainshock 2016/02/13 17:07:06 36.490, 36.472 98.709, 98.681 N/A 8.3, 2.0* Mw 5.1, Mw 5.0 44, 42 56, 80
EGF 1 2016/02/13 17:17:39 36.481, 36.481 98.739, 98.739 2.9, 5.2 5.0, 5.0 ML 4.0, Mw 3.6 70 50
EGF 2 2016/02/22 15:17:38 36.455, 36.473 98.777, 98.698 1.5, 7.2 7.9, 8.0 Mw 3.4, Mw 3.4 51 85

Cushing Mainshock 2016/11/07 01:44:24 35.991, 35.986 96.803, 96.803 N/A 4.4, 6.1 Mw 5.0, Mw 4.9 59, 240 78, 90
EGF 1 2016/11/22 09:55:33 36.007, 35.999 96.769, 96.765 3.5, 3.7 4.4, 5.0 Mw 3.5, Mw 3.5 230 90
EGF 2 2016/12/05 08:58:31 36.021, 36.036 96.746, 96.768 6.1, 6.4 4.2, 5.0 Mw 3.2, Mw 3.2 218 80

Pawnee Mainshock 2016/09/03 12:02:44 36.425, 36.429 96.929, 96.923 N/A 5.6, 6.6 Mw 5.8, Mw 5.6 289, 105 72, 90
EGF 1 2016/09/03 12:58:37 36.423, N/A 96.909, N/A 1.8, N/A 6.2, N/A ML 3.6, N/A 105† 90†

EGF 2 2016/10/04 09:10:37 36.428, N/A 96.939, N/A 1.0, N/A 5.8, N/A ML 3.7, N/A 105† 90†

For the epicenter location, lateral distance from mainshock (MS), focal depth, andMw of all the events, and the focal mechanism of the mainshocks, the first
and second value in each entry (separated by a comma) are from the ANSS and SLU catalogs, respectively. The focal mechanisms of the empirical Green’s
function (EGF) events listed here are from the SLU catalog. ML, local magnitude.
*Focal depth from the SLU catalog is likely inaccurate given the crystalline basement located below that depth.
†Since neither catalog provides moment tensor solutions to these EGFs, we assume similar focal mechanisms to the mainshock based on waveform

similarities between the mainshock and the EGFs.

Do Injection-Induced Earthquakes Rupture Away from Injection Wells 361

Downloaded from https://pubs.geoscienceworld.org/ssa/bssa/article-pdf/109/1/358/4627823/bssa-2018233.1.pdf
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on 11 February 2019
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EGF 1 2016/09/03 12:58:37 36.423, N/A 96.909, N/A 1.8, N/A 6.2, N/A ML 3.6, N/A 105† 90†

EGF 2 2016/10/04 09:10:37 36.428, N/A 96.939, N/A 1.0, N/A 5.8, N/A ML 3.7, N/A 105† 90†

For the epicenter location, lateral distance from mainshock (MS), focal depth, andMw of all the events, and the focal mechanism of the mainshocks, the first
and second value in each entry (separated by a comma) are from the ANSS and SLU catalogs, respectively. The focal mechanisms of the empirical Green’s
function (EGF) events listed here are from the SLU catalog. ML, local magnitude.
*Focal depth from the SLU catalog is likely inaccurate given the crystalline basement located below that depth.
†Since neither catalog provides moment tensor solutions to these EGFs, we assume similar focal mechanisms to the mainshock based on waveform

similarities between the mainshock and the EGFs.
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Directivity analysis 
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tR       =  Rise time 
L     =   Rupture length 
vr    =   Rupture velocity 
α     =   Azimuth of rupture directivity 
VP,S    = P or S wave velocity 

τ (φ) φ

Ø  Unilateral ruptures 

τ (φ) = tR +
L
vr
−
L
vP,S

cos(φ −α)

Ø  Asymmetric bilateral ruptures 
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-  Asymmetric bilateral rupture (70 % in N310°W).  
-  Apparent durations from 0.11 to 0.21 s ; Rupture length ~ 0.3 km. 

Directivity analysis 



Fault identification 
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Ø  These results identify a deeper fault segment associated to the East Agri 
Fault Systems.  

East Agri Fault Systems (EAFS) 
Monti della Maddalena Fault Systems (MMFS)  

Montesano 
Eq. 

limit of seismic data images 

Costa 
Molina 2 

Val d’Agri 
EAFS MMFS 

limit of seismic data images 

Profile from 
 Menardi Noguera and Rea (2000) 

Montesano 
Eq. 

D
ep

th
 (

km
) 



Probabilistic discrimination analysis 
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Ø  Discrimination problem between natural, triggered or induced event. 

Tectonic stress rate: from the background seismicity. !τ T

!τ D Depletion-induced Coulomb stress rate: from the long-term 
hydrocarbon extraction. 

pD Trigger potential: probability to be triggered by the stressing rate 
induced from the depletion of the oil field (Dahm et al., 2015). 

~ 2.3 kPa/yr   (a = 1.95; b = 0.557; Iervolino et al., 2011 )  
~ 6.1 kPa/yr   (a = 2.72; b = 0.72; Convertito et al, 2009 )  

A = area of the seismogenic zone (8354 km2) 
D = seismogenic width (10 km) 
Mmax = 7.06  

pD = H ( !τ D ) !τ D

H ( !τ D ) !τ D + !τ T

!τ T =10a+9.1 b
1.5− b

10(1.5−b)Mmax

AD

!τ T

*Note:      ~ 0.7 kPa/yr in the regions of Emilia and Aquila earthquakes. !τ T
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~ 0.25 kPa/yr   at 14 km depth !τ D

A significant pressure depletion 
started at the end of 2001 and the 
pore pressure continuously 
decreased until the end of the 
simulation period in 2017.  

Other parameters: 
-  Fault geometry of plane 1 
-  Reservoir thickness = 800 m  
-  Biot constant = 0.1 
-  Poisson ratio = 0.25 
-  Friction coefficient = 0.6   

We assume a pressure drop on the 
range between 4.5 – 18 Mpa through  
16 years over the whole field.  

!τ D Depletion-induced Coulomb stress rate: from the long-term 
hydrocarbon extraction. 

!τ D (kPa/yr) 
0 0.25 0.5 
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pD Trigger potential: probability to be triggered by the stressing rate 
induced from the depletion of the oil field (Dahm et al., 2015). 

pD = H ( !τ D ) !τ D

H ( !τ D ) !τ D + !τ T

trigger potential pD 
0 0.5 1 
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An induced or triggered event can be discarded due to the long-term 
hydrocarbon extraction in the VA oilfield, which suggests a natural 
cause due to the local tectonic stress.   

A detailed seismological procedure is described to discriminate 
between  natural, triggered or induced earthquakes in the VA oilfield, 
which should be also applied together with the previous traffic light 
system protocols.  

We analyze the source parameters of the Mw 4 Montesano 
earthquake, revealing an asymmetric bilateral rupture with the 70 % 
of the rupture propagation in N310°W.  

Our results conclude that the Montesano earthquake activated a 
deeper fault segment associated to the East Agri Fault Systems.  

- López-Comino, J. A., Braun, T., Dahm, T., Cesca, S. and Danesi, S. (2021). On the 
source parameters and genesis of the 2017, Mw 4 Montesano earthquake in the 
outer border of the Val d’Agri oilfield (Italy), Frontiers Earth Sci., 8:617794.  
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