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Mass movements and associated stress changes in 
volcanic systems translate into variations in geophysical
quantities commonly measured at the surface

GravityGravity fieldfield, , quasiquasi--staticstatic and and dynamicdynamic rock rock deformationdeformation

Question:

• Can we recognize deep magma dynamics from
measured quantities?

Interpretation of geophysical signals

Short-term volcanic hazard

Forward approach



METHOD

GALES CODE FOR MAGMA FLOW DYNAMICS

(Longo, Vassalli, Papale, Barsanti, GRL 2006)

NUMERICAL MODEL FOR WAVE PROPAGATION IN ROCKS

(O’Brien and Bean. GRL 2004)

+

MODEL OF CAMPI FLEGREI ROCKS
(Judenherc and Zollo, JGR 2004)

+



Finite Elements Method
Galerkin Weighted Residuals
Stabilization: Least Squares (streamwise direction)

Discontinuity Capturing (solution gradient direction)
Double discretization in space and time 
Primitive variables (y, p, u, T)
Locally defined properties
C++ programming language
Parallel computation (Linux cluster)

Suitable for the simulation of the space-time evolution of 
magmatic systems in a wide domain 

(from the deep regions of magma chamber to the volcanic crater)

GALES
Developed at INGV Pisa
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Horizontal, 20 MPa





Pressures changes in the chamber

Driving pressure at dyke base: 1 MPa Δp max in the chamber = 5 MPa

t→∞

Δp=1 MPa



What geophysical signals are expected
at surface?

GALES, CODE FOR MAGMA FLOW DYNAMICS

(Longo, Vassalli, Papale, Barsanti, GRL 2006)

NUMERICAL MODEL FOR WAVE PROPAGATION IN ROCKS

(O’Brien and Bean. GRL 2004)

+

MODEL OF CAMPI FLEGREI ROCKS
(Judenherc and Zollo, JGR 2004)

+



DISCRETE ELASTIC LATTICE METHOD
(O’Brien and Bean, GRL 2004)

elastic solid represented by a series of interconnected
springs arranged on a cubic lattice.

spring elastic constant is a function of rock properties (vp, vs, ρ)

AccountsAccounts forfor::
•• FreeFree surfacesurface
•• HeterogeneousHeterogeneous rock rock propertiesproperties
•• SharpSharp discontinuitiesdiscontinuities
•• TopographyTopography



GALES

output

Pressure

Deviatoric stress

input

DISCRETE ELASTIC 
LATTICE METHOD

MAGMA-ROCK ONE-WAY COUPLING



Rock model from active and passive tomography
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Above chamber axis

horizontal
5 km from chamber axis

Ground deformation

vertical
Above chamber axis

horizontal
5 km from chamber axis

Seismicity
Band-pass filter 0.25 – 10 Hz

homogeneoushomogeneous

Period: 70 70 –– 80 s80 s up to > 100 s> 100 s

Periods: 1) 66--7 s7 s (LP/VLP); 2) 1 s1 s (tremor)
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horizontal
5 km from chamber axis

vertical
Above chamber axis

vertical
Above chamber axis

horizontal
5 km from chamber axis

gravity deformation

seismicity

Expected signals associated with recharge of a 
shallow magma chamber at Campi Flegrei
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1 s
sampling period

elevationelevationelevation

1 m1 m
10 m10 m

elevationelevation

1 h1 h

GPS measurements at Timpone
del Fuoco – Stromboli volcano
kindly provided by G. Puglisi, INGVkindly provided by G. Puglisi, INGV--CTCT

elevation
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