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Part 1

(i) Case study Montserrat

(i) Volcano tectonic earthquakes (VTs)
(iii) Very-long-period earthquakes (VLPs)
(iv) Long-period earthquakes (LPs)
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VTs

Volcano-tectonic earthquakes:
usual earthquakes 1n a volcanic setting

UNIVERSITY OF LEEDS




...not mapping
of magma reservoir

Changes 1n stress field:
- temperature
- ascending magma
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VT seismici 1?6 - 2005
Indicators of magma ascent: 1

Volcano tectonic events = indicate stress

changes due to
Regional Stress magma ascent
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Local stress field rotation at Montserrat
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Dyke perpendicular to regional stress,
below epicentres,
can explain seismic data

Coulomb stress change (bar)
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VLPs

Very long period earthquakes:
Transients implying mass movement
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How different seismometers would see Removing the instrument response:
Strombolian eruptions: e i

| Transfer function CMG3_120

Raw data: ground velocity (z)
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March 31 event:

"
NW Buttress

(Photos courtesy MVO)
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March 3rd 2004
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Multi-parameter data set:

Onset of seismic trace

Explosion signal on seismics
& infrasound

Disp. (107% m) Velocity (10 m/s)

Onset of plume forming ash venting
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Seismic frequency spectrum

ULP signal

Instrument transfer funéetion

Ocean Microseism
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Broadband Seismometer
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Fit two stations, use
ratio of displacement for
ground deformation modelling

St. Georges Hill
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Models for seismicity & deformation

Modelling parameters:

Gages cylinder and sphere at
Lee's Yard \yjnqy different depths
&

topography
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Best fitting model:
collapsing gas pocket at 500m below dome (Green & Neuberg, 2006)
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LPs

Low frequency/long period earthquakes:
involvement of a fluid phase
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Low-frequency events
Characteristics:

- Occur in swarms of
similar waveforms

singlh hybrid events
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Low-frequency events

Characteristics:

ingle hybrid events

Precede volcanic
events

Relative velocity amplitude
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Low-frequency events




Low-frequency events

Dome collapse
July 12, 2003
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Low-frequency events
Characteristics: Dome collapse

Correlated with
ground deformation
& tilt

June 23rd 24th 251h 26th 27th

UNIVERSITY OF LEEDS




Low-frequency events
Characteristics:

Low- Frequency event (LF)
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P onset &
low frequency coda
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Low-frequency events
Characteristics:

- P onset &
low frequency coda

UNIVERSITY OF LEEDS




Clear resonance modes or 2Hz Kupper wavelet
harmonic overtones

X component Z component

Spectral Amplitude
Spectral Amplitude

Distance [m] Frequency [Hz] Distance [m] Frequency [Hz]

Interaction with
the free surface

X component Z component

Array 3: vertical array just outside conduit
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Principle model:

"Fluid-filled container embedded in solid medium"

$

. K 100-1000 m

cylinder
e )

conduit

10 m
Ferrazzini & Aki, 1987

Chouet 1986, 1996, Chouet et al 1994, Neuberg et al 2000
Kumagai et al 2002, Molina et al 2004 Jousset et al 2004




Principle model:

—> Pressure perturbation in the fluid
- Excitation of crack waves, tube waves, interface waves

— Resonance in container

LB
—> Stiftness factor (Aki 1977) C= D—
Ul

B Bulk modulus

L Length of container, wavelength
D Thickness, diameter

i shear modulus of solid

= Dispersive waves : Vpnace < Vacoustic
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Part 11

(i) Moment tensor analysis
(i) Magma modelling

(iii) Trigger mechanism

(iv) Degassing

(v) Dynamic behaviour
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Moment tensor analysis of volcano seismic events

Vertical particle Motions - event 68 / 22th June 1997

T M ﬁ 16 % of the events
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Particle motions compatible with shallow descending magma
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Moment tensor analysis of volcano seismic events
(MTINVERS, courtesy T. Dahm & D. Roessler)

/-/J*’- =

Horizontal crack

Compensated
linear vector dipole

1 90% CLVD

Ring fault
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Low-frequency events
Characteristics:

Conduit filled with melt, gas & crystals

(Jousset et al., 2006)
Onset contains information on trigger mechanism
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The Model: Magma flow modelling:
Magma = Melt+ Crystals + Gas

/N \

Pm Pc Xe
Y \
const f(Cm, P) const mP/RT

(~ 2300 (Hess & (0.=2680 kg m-3
kgm3)  Dingwell, 1996) x.=30 %)

\

const
(~1,5 10> Pas)
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Finite Element modelling
of magma tlow:

Employ:

Navier Stokes equation

for compressible flow,

gas loss — permeability,
temperature loss & friction,
water solubility, viscosity

Determine:

pressure, density, temperature,
viscosity, gas volume %,
magma velocity,

velocity gradient (= strain rate)

-50

0 5 10 15
Width, m

Pressure

Magma velocity

(Collier & Neuberg, 2006)
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Low-frequency events

Magma

1400 . ruptures 1f
Shear

= 7
stress € !"" > 10 Pa

1500

E

J*.:;_:ﬂ &00

|‘E‘|

at constant depth

1700 Conduit
resonance where velocity

viscosity is low profile

1800
0

(Neuberg et al., 2006)
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Montserrat:
Ash venting in August 2006

Photo: J. Neuberg
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Degassing of a conduit:
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UNIVERSITY OF LEEDS




Conduit widening
from 30m to SOm

Corresponding
frequency shift
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Surface: y—welocity  Arrow: Welocity field Max: 2.00 Surface: y-velocity  Arrow. Welocity field Max: 2.00

2 2
18 = 18
16 16

FoqL4 F 14

F L2 | F 12

Foq1 g F

L Hos F {08

0.6 : 0.5

Surface; y=velocity [mfs] Arrow: Welocity field [m/s]

UNIVERSITY OF LEEDS




Time interval

Evolution of single >0

family over several 20

swarms 3'50 ‘
I

"iﬁ

50

Il
‘ slb: Ir|rJh]|J| J

J 40 80 120 160 200
Bin Number (10 events per bin)

(L]
Il "l | LA il il | i
| | f il I "'-.:: ||||

Amplitude

—
x
—
o
A

Event rate

3

U I\I g
Pl mm'""" 'm'".mh" s |||| ||| qE o

g i n I||||I i : % III A
1 I |”I| || ||| I|| "'!” - "||| ||I||||I||||| |” “ ||| il J||| ||

‘ f

o

—

—~
n
~
S
~—
Q
©
>
=
a
€
<f
Y
Y
)
D.'
@)
A
R4
Y
a
(o
C
®©
a
=

80 120 160
Bin No. (10 events per bin)

Amplitude

UNIVERSITY OF LEEDS




Meanamplitude per 10min

03:00 06:00

June 25th

Eventrate per 10min

June 25th




Average event rates for several swarms
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Inverse event rate for several consecutive swarms
behaves according to material failure law
- Note: magma rupture — not dome collapse

Dome
collapse
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Models for seismicity & tilt:

Dome Modelling parameters:
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3D detail - cut out
to see tilt source
(vertically exaggerated x 3)

Conduit

(Green, Neuberg & Cayol, 2006)
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Deformation models:

Tilt €= Pressure

Conduit top

Conduit length

Tilt €= Traction
—> Strain rate
= Magma velocity

Conduit top

Conduit length  (Green, Neuberg & Cayol, 2006)
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ObserVatiOnS Solld Line - Tlit {mictorad)
& Model Dotted Line — d{TIltydt*5000)
in summary:

TIit {urad)

0 seismicl

Pressure ismici ( ‘x_*__‘.

Increasing

Magma
slowing

Pressure Gas
decreasing iffusion lag diffusion
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Combining :
Magma flow models
&

Seismic models

&
Detformation models

Link seismicity
with

magma movement
at depth

EFS' gle hybrid evenis

Relative velocity amplitude
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