
•

•

•























































Studio multidisciplinare 

della fase di preparazione di un terremoto

Progetto di Ateneo 2013 Sapienza



























Altotiberina 
fault system

Thrust

Borehole

Val di Chiana 
fault system

Tuscany Turbidites

Rentella Unit

Umbrian Turbidites

Carbonates Multilayer

Quaternary deposits

Lithostratigraphic units 
of the study area

Basement

Triassic Evaporites

b)

0

4
6
8

10

de
pt

h 
(k

m
)

S. Donato 1 well M. Civitello 1 wellSW NEGubbio fault

0 10km

Altotiberina fault

a)

4
0

4
0

4
40

1 401 01 0011 40

Lago
Trasimeno

Val di Chiana basin

Valle Umbra basin

Middle 
Tiber basinkm0 10

Italy

S3

Pratomagno1
Pieve di S. Stefano 1

Arezzo
Città di 
Castello

Gubbio

Monte Civitello 1

Burano

Perugia 2

S. Donato 1 

Study Area

Upper Tiber   basin

Gubbio basin

Pietralunga

Perugia

Seismic lines

d)

MF

TW
T 

(s
)

S. Donato 1 M. Civitello 1

0

0.5

1.0

1.5

TW
T (s)

0.5

1.0

1.5

-498 m

-1  m

5  m

3987 m
4 65 m

-670 m

469 m
766 m

017 m

4930 m

Depth 
(b.s.l.)

Depth 
(b.s.l.)c)

4800000

50000 300000

Tiber basin

Trasimeno
lake

N
Crop-03

km0 0

boreholes seismic lines Tiber basin

Gubbio

Perugia

PERUGIA 2

SAN DONATO 1

MONTE CIVITELLO 1

BURANO 1

PIEVE S. STEFANO 1

Città di Castello

Sansepolcro





Vp/Vs ratioP-Wave Velocity [km/s]

Tu
rb

id
ite

s
Ca

rb
on

at
es

Ev
ap

or
ite

s
Ac

ou
st

ic
Ba

se
m

en
t

Cr
is

ta
lli

ne
Ba

se
m

en
t

3  4   5   6    7     8
0

1

2

3

4

5

6

7

8

1,0             1,5              2,0              2,5              3,0  
0

25

50

75

100

125

150

175

200

 D
ep

th
 [k

m
] 

 Confining pressure [M
Pa] 

3  4   5   6    7     8 1,0      1,5               2,0             2,5               3,0  
Vp/Vs ratioP-Wave Velocity [km/s]

a) b) c)









10 km

Perugia

Gubbio

Sansepolcro

Assisi

 Altotiberina Fault
A

B

ST

SD

MC

B

P

1

2

3

4

0

5

10

15

de
pt

h 
(m

)

0 5 10 15 20 25 30 35 40 45 50
distance km

A B

Altotiberina Fault

12/22/2013 Mw3.9

05/08/2013 Mw3.6

04/15/2010 Mw3.6

Pietralunga

M. Civitello 1 well Burano well

Gubbio Fault

a)

b)

Città di
Castello





4 765

0

5

10

PietralungaSW NE
S. Donato 1 M. Civitello 1

a

0

5

10

S. Donato 1 M. Civitello 1

b

0

5

10

S. Donato 1 M. Civitello 1

a

0

5

10

0 5 10 15 20 25 30 35 40

S. Donato 1 M. Civitello 1

d





0.00

0.05

0.10

0.15

0.00 0.05 0.10 0.15

%

0.00

0.05

0.10

0.15

0.00 0.05 0.10 0.15

%

0.00

0.05

0.10

0.15

0.00 0.05 0.10 0.15

%

0

10

30

0.00 0.05 0.10 0.15

0

10

30

0.00 0.05 0.10 0.15

0

10

30

0.00 0.05 0.10 0.15

0

10

30

0.0 0.5

0

10

30

0.0 0.5

0

10

30

0.0 0.5

0

10

30

0.0 0.5

0

10

30

0.0 0.5

0

10

30

0.0 0.5





0

10

20

30

40

Fr
eq

ue
nc

y 
Pe

rc
en

t (
%

)

0.0 0.2 0.4 0.6 0.8

PDF volume (km3)

Median:
ei :   0.0 4 km3

3D omo: 0.0 6 km3
Median reduction: 22.  %

0

10

20

30

40

Fr
eq

ue
nc

y 
Pe

rc
en

t (
%

)

0.0 0.2 0.4 0.6 0.8

PDF volume (km3)

Median:
ei :   0.0 4 km3

1D ayer: 0.130 km3
Median reduction: 43.1 %

0

10

20

30

40

Fr
eq

ue
nc

y 
Pe

rc
en

t (
%

)

0.0 0.2 0.4 0.6 0.8

PDF volume (km3)

Median:
ei :   0.0 4 km3

1D ayer: 0.0 8 km3
Median reduction: 24.5 %

0

10

20

30

40

Fr
eq

ue
nc

y 
Pe

rc
en

t (
%

)

0.0 0.5 1.0 1.5 2.0

Di tance rom t e ectation ocation (km)

Median:
ei :   0.144 km

3D omo: 0.165 km
Median reduction: 12.  %

0

10

20

30

40

Fr
eq

ue
nc

y 
Pe

rc
en

t (
%

)

0.0 0.5 1.0 1.5 2.0

Di tance rom t e ectation ocation (km)

Median:
ei :   0.144 km

1D ayer: 0.2 1 km
Median reduction: 46.  %

0

10

20

30

40

Fr
eq

ue
nc

y 
Pe

rc
en

t (
%

)

0.0 0.5 1.0 1.5 2.0

Di tance rom t e ectation ocation (km)

Median:
ei :   0.144 km

1D rad: 0.16  km
Median reduction: 14.8 %

0

500

1000

um
er

 o
 e

ve
nt

0.0 0.5 1.0 1.5

Horizontal error (km)

Median:
ei :   0.262 km

3D omo: 0.316 km
Median reduction: 1 .1 %

0

500

1000

um
er

 o
 e

ve
nt

0.0 0.5 1.0 1.5

Horizontal error (km)

Median:
ei :   0.262 km

1D ayer: 0.350 km
Median reduction: 25.1 %

0

500

1000

um
er

 o
 e

ve
nt

0.0 0.5 1.0 1.5

Horizontal error (km)

Median:
ei :   0.262 km

1D ayer: 0.2 5 km
Median reduction: 11.2 %

0

500

1000

um
er

 o
 e

ve
nt

0 1 2 3

Vertical error (km)

Median:
ei :   0. 46 km

3D omo: 0.80  km
Median reduction: .6 %

0

500

1000

um
er

 o
 e

ve
nt

0 1 2 3

Vertical error (km)

Median:
ei :   0. 46 km

1D ayer: 0. 13 km
Median reduction: 18.3 %

0

500

1000

um
er

 o
 e

ve
nt

0 1 2 3

Vertical error (km)

Median:
ei :   0. 46 km

1D rad: 0.843 km
Median reduction: 11.5 %

 ei mic Model ver u  3D omo ra ic Model (Moretti et al.  200 ) (a) 
PDF Volume Di tance rom t e ectation ocation au ian ocation rror (68% con idence elli oid) 

(a1) (a2) (a3) (a4)

 ei mic Model ver u  1D ayer Model (Moretti et al.  200 ) (b) 
PDF Volume Di tance rom t e ectation ocation au ian ocation rror (68% con idence elli oid) 

(b1) (b2) (b3) (b4)

 ei mic Model ver u  1D radient Model ( arannante et al.  2013) (c) 
PDF Volume Di tance rom t e ectation ocation au ian ocation rror (68% con idence elli oid) 

(c1) (c2) (c3) (c4)





0 5 10 15 20 25 30 35 40 45 50
distance (km)

section 2
SW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

SW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

SW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

SW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

Pietralunga
section 3
SW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

PietralungaSW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

PietralungaSW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

PietralungaSW NE

Burano well

Burano well

Burano well

Burano well

0 5 10 15 20 25 30 35 40 45 50
distance (km)

Citta di Castello
section 4
SW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

Citta di CastelloSW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

Citta di CastelloSW NE

0 5 10 15 20 25 30 35 40 45 50
distance (km)

Citta di CastelloSW NE

section 1

0

5

10

15

0 5 10 15 20 25 30 35 40 45 50
distance (km)

SW NE

0

5

10

15

0 5 10 15 20 25 30 35 40 45 50
distance (km)

SW NE

0

5

10

15

0 5 10 15 20 25 30 35 40 45 50
distance (km)

SW NE

0

5

10

15

0 5 10 15 20 25 30 35 40 45 50
distance (km)

SW NE

Gubbio Fault

Gubbio Fault

Gubbio Fault

Gubbio Fault

Gubbio Fault

Gubbio Fault

Gubbio Fault

Gubbio Fault

4.0 4.5 5.0 5.5 6.0 6.5





E E E

1
2

3
2 km

04/15/2010

12 35 E 12 4 E 12 45 E

43
45

43
5

1
2

3
2 km

04/15/2010

12 35 E 12 4 E 12 45 E

43
45

43
5

1
2

3
2 km

04/15/2010

0

2

4

6

8

de
pt

h 
(k

m
)

0

2

4

6

8

de
pt

h 
(k

m
)

0

2

4

6

8

de
pt

h 
(k

m
)

0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
distance (km) distance (km) distance (km)

0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
distance (km) distance (km) distance (km)

0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
distance (km) distance (km) distance (km)

Section 1 Section 2 Section 3

Section 1 Section 2 Section 3

Section 1 Section 2 Section 3

3D-Tomo model

1D-Grad model

AT-Seis model

M. Turb. M. Turb. M. Turb.

Carb .M. Carb. M.Carb. M.

T. Evap. T. Evap. T. Evap.
Ac. Bas.Ac. Bas.Ac. Bas.

ATF ATF

ATF ATF

ATF ATF



Mirabella et al., 2011

P-wave (km/s) P-wave (km/s) Vp/Vs

(only literature data)
Ponziani et al., 1995 Burlini and 

Tancredi, 1998


