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What!?

* Comparison between strain records and synthetic ground
deformation caused by magma mixing

* Detection of magma dynamics from analyses of ground

deformation signals at active volcanoes in ULP
(Ultra-1.ong-Period) band 10™* Hz to 1072 Hz [Longs,2012]

Why?
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What!?

* Comparison between strain records and synthetic ground
deformation caused by magma mixing

* Detection of magma dynamics from analyses of ground
deformation signals at active volcanoes in ULP

(Ultra-1.ong-Period) band 10™* Hz to 1072 Hz [Longs,2012]

Why?

* Magma re-juvenation has been identified as the trigger of
past eruptions at Campt Flegret [Tonarini et al., 2009)

* New method to approach from short to
medium term volcanic hazard forecast
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Synthetic dataset
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Methods & analysis

* Concluding remarks
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Outline

* Synthetic dataset
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Numerical simulation — Set up

Synthetic dataset

* Magma chambers:

— different geometries of shallow chamber
— different magma compositions: phonolitic (shallow) , shoshonitic (deep)

— different volatile content (shallow chamber)

-3000 1 -3000 Shallow chamber
. Simulation Deep chamber Shallow chamber
— geometry
£ .as00 ; :
4000 > CF1 shoshonite phonolite oblate
1% CO4 - 2% HyO  0.3% COs - 2.5% H0
-4000 — CF2 shoshonite phonolite prolate
5000+ B shoshonite 1% COQ - 2% HQO 0.3% COQ - 25% HQO )
‘ -30001 CF3 shoshonite phonolite spherical
B phonolite 1% COs - 2% H,O  0.3% CO, - 2.5% Ha0
3 I £ CF4 shoshonite phonolite oblate
o = 3500 1% CO3 - 2% H,0  0.1% COs - 1% Ho0
Ap=30kgm® CF5 shoshonite phonolite prolate
4000 1% CO5 - 2% HoO  0.1% CO4 - 1% Hy0
-7000
-3000
-8000 1 =
£ 3500
-9000 + o . -4000
-4000 -3000 -2000 -1000 0 1000 2000 3000 4000 -400 0 400
X (m) x(m)
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Numerical simulation — Observation

Synthetic dataset
composition
660 s
-3000

magma arise in the conduit

-3900

-4000

M.Bagagli et Al. — EGU 2017 General Assembly — 26.04.2017




Numerical simulation — Observation

composition
13920 s
-3000 ot i

3100
* magma arise in the conduit

-3300( * magma mixing & mingling driven

3400/ by buoyancy and density contrast

[Montagna, 2015]

)

E 3500

>
-3600}
-3700}
-3800

-3900

-4000 .
-4 -200 0 200 400
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Numerical simulation — Observation

Synthetic dataset
composition
279305
-3000( -~
3100
* magma arise in the conduit
3200
Bisor * magma mixing & mingling driven
3400} by buoyancy and density contrast
—_ [Montagna, 2015]
£ 3500
>
3600 * no more relevant dynamics changes
3700
2500 Max. Time Simulated:
=7.5 hr
-3900
-4000
-400
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Numerical simulation — Results

Synthetic dataset

-3000 _. 04
* Direct observable o Eom .
Phonolite g
1 5 -4000 & o4 L . . . . . .
— pressure time series at the chambert’s o1z s« s s 0
-3000 _ 01 : : T ! , , !
boundaries - <
t=1h :-3500 % 0\
-4000 g -0.1 ! '
0 1 2 3 4 5 6 7 8
-3000 *: = 0.1 T T
t=3h 5'3500 r\)g N
»40004i— g 01 L L
0 1 2 3 4 5 6 7 8
-3000 . = 0.1 T T T T T T T
Shoshonit tosh E.ssoo [ 75 0 ]
4000 ————=— S 0.1 - - . - . . -
-500 0 500 0 1 2 3 4 5 6 7 8

x (m) Time (hours)
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Numerical simulation — Results

Synthetic dataset

-3000 o1
* Direct observable o Eom R
Phonolite 3
— pressure time series at the chambet’s - R
-3000 _ o4 | | ! ! ! ) .
boundaries - £
t=1h 3500 % NG
-4000 3.0,1 ! L
0 1 2 3 4 5 6 7 8
-3000 *: 30.1 T T
¢ Stl’aln t-3n  E-300 r\)g oL
. . . | £ ‘ ‘ . ‘ ‘ . .
— full band ground deformation signal o Yo e s a4 s s 1 s
-3000 . %‘0.1 T T T T T T T
— Green’s function S E g [' % L |
— homogeneous medium B e S S A
x (m) Time (hours)
— one-way coupling 102
—CF1
----- CF2
----- CF3
— CF4
-~ CF5

Amplitude
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Numerical simulation — Results

Synthetic dataset

0.4
= 02
T -
5 0 ‘ "‘- e
g —0.2[
Z —0.4fn i - CF1--CF2
N S - CF3--CF4
—0.6 i ; o -~ CF5—Template
0 1 2 3 4 5 6 7
* Template signal z
P g C
— cross-correlation single traces E
—  high pass filtering: 3.7 - 1075 Hz ~
, , -~ CF1--CF2
— used for comparison with real data 10-2} |-~ CF3--.CF4
-~ CF5—Template

104 1078
Frequency (Hz)
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Outline

* Monitoring dataset
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Instrumental Network

Monitoring dataset

MAP LEGEND

* Strainmeter

409 - = Naples (approx boundaries) - 409
— approx caldera border

==+ submerged caldera borders

40.8°

13.9° 14.0° 14.1° 14.2° 14.3°
°

Universita di Salerno

— 3 strainmeters (2004-2005) [Scarpa, 2007)
— 2 tiltmeters (2008-2009)
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Raw monitoring data

1 [ZARCO
. 08|—QUAR
=5 06 —MRUS
B | - Earthquakes
n 0.4
2 0.2]
g |
= 0
g5 —0.2
i
> —0.4
—0.6
—0.8 |
Qo Q) 29 QO
@\‘19 Ol Ol W
Ol
* Universita di Salerno * Time window analysed
— 3 strainmeters (2004-2005) [Scarpa, 2007) — Seismic swarn (October-November 2006)

— 2 tltmeters (2008-2009)

M.Bagagli et Al.— EGU 2017 General Assembly — 26.04.2017 '@MOM |6 /28



Data processing

xi0® QUAR Monitoring dataset

|~ [— cleanstrain+
Raw

i * Atmospheric pressure
’ and Tidal effects removed
10° 2 R o — cleanstrain+ [Langbein, 2010]
z (o Mareal Potential | |

N T PR T
2 2.5 3 35 4
Frequency (Hz) %105
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Data processing

xi0® QUAR Monitoring dataset

|~ [— cleanstrain+
Raw

Strain

* Atmospheric pressure
and Tidal effects removed

o 2t o |2 o — cleanstrain+ [Langbein, 2070]

Normalized ESD
=)
Amplitude

— cleanstrain+

—— Raw
O Mareal Potential

L N MR BRI P B P PR
| 15 2 25 3 35 4

Frequency (Hz) %105
1 [—ARCO
0.8 [—QUAR

o.6 |~ MRUS |
2 | ° Earthquakes /\M"’W

* Highpass filtering
— 37107 Hz

Normalized Strain
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Outline

* Methods & analysis
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Matched filtering

0.2} 0.4}
;g 0.1} 0.2}
g 0
E' —0.1} 0y
ZSC')' —0.2} : —Proc. Strain —0.2
—0.3|, : ---Real Strain
—0.4 W ° Earthquakes —04 —Synth Straln
0 1 2 3 4 5 6
NRGAS qﬂa qj?) > qfo @6 "I:‘ R 199
© \‘LQ\ '\0\ x@\ x@\ x@\ x@\ XG\ XQ\ \ \9\ Time (hr)
60| — Match Filt. corr
o o Earthquakes
5
£ 40
<
Z 20
“ o o o o 00 o o —an 0 o <]
=
0 T | — | | —— | |
® ey B 9 2 @ 1 ® P
° \qp\ KO RSN\ RGN\ LY\ RN ) RPN\ EC \ LR\ LAY Y
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Matched filter

D Mevods samiyss |
1—ARCO

% 800 —QUAR
= —MRUS

— 600
= 8 o Earthquakes J
= , g\ X " L
S = 400
< 5
= 5 200 L
.2 jg ooo [|o @ o o0 0 O o JN
E 5 0 . " I
o 3
{5) ~ —200 |

—400 BN R N g AMWNWL\VMMWMWMMJW

Ol O > 9D 195 it 99 9y P b
Q\go\%)\XQ\X\/Q\%@\%@\%@\%@ PolPa Pal®
\
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Matched filter

D Fievhois amas
* High similarity transient: 21th Oct. + 1st Now. 2006

1—ARCO
800 | QUAR /-\
—MRUS
600 0 Earthquakes/\
A

400 |

200 JL
O [elNeY )] (] E _AO OO_A Q (o] [e] JNI\L

—200 |
—400 _‘_AA,_H_..MMWMMMMWWM

Ol O > 9D 195 it 99 9y P b
\go\%3\\0\%@\%@\%@\%@\%@ PolPa Pal®

(arbitrary units)

Correlation Amplitude

A0
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QUARTO - |st November

<
g 0.5 1T N T L
=T T A U s o e S S
k= ‘
- :
3 0. * High resemblance
TE:s —Processed — Synthotic (time-domain)
5 0.5 - Raw
ZO T
© O R O OO OO O
\}VS&‘vb’ AT ART AT 907 v gdt 9d
102 i
Q 100 i
= —2 |
10 — Processed
10—4 | |— Synthetic

10~ 1073
Frequency (Hz)
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QUARTO - |st November

<
g 0.5 1T N T L
- Y D U e e R
£ ‘
- :
3 0. * High resemblance
TE:s —Processed — Synthotic (time-domain)
5 0.5 - Raw
ZO T
O OO OO ®
XX\Qx AOT AT A A" 90" 9)" 9" 9D * Plateau 3 - 104 Hz
o Peak 6-10*Hz
- '\v (frequency-domain)
0.
2) 10
_2 N
10 — Processed
10—4 | |— Synthetic
104 103

Frequency (Hz)
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QUARTO - |st November

Methods & analysis

* High resemblance
(time-domain)

= ,

205 AN el

b~ A AR A A Y 2 .0 U R T Dt eSO PO SR
n

5

s 0 ;

g \\\\\\\\\ NG — Processed — Synthetic

5 —0.5 - Raw

Z

~ 1
m
> * Plateau 3 - 10*Hz
£ > © Peak 6-10*Hz
£ (frequency-domain)
i
:
- 9. e Wavelet Transform
(time-frequency domain)
. [Torrence, 1998 — Grinsted 2004)

NI B S SEE\ SR S A
x\Qx\x@- N5 ABT AT 90T AT g2t )"
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Outline

* Concluding remarks

M.Bagagli et Al. — EGU 2017 General Assembly —Wien 26.04.2017



Take home ...

* Synthetic ground deformation signals show characteristic
features both in time and frequency domain

* These features can be identified in monitoring data
(matched filter, wavelet transform ... )

* Monitoring data could record signals linked to
shallow magmatic processes (ze. ULP band)
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Take home ...

* Synthetic ground deformation signals show characteristic
features both in time and frequency domain

* These features can be identified in monitoring data
(matched filter, wavelet transform ... )

* Monitoring data could record signals linked to
shallow magmatic processes (ze. ULP band)

... to be continued ?

* Compare tiltmeters data
e Seek different time windows

e Enhanced numerical simulation

(i.e. sezsmicity , CE hydrothermal system ... )
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... in addition

x 1010

X-Corr coeff.

— ARCO-QUAR
—MRUS-QUAR
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Cross correlation
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... in addition
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... in addition
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... in addition
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Pseudo-Frequency (Hz)

ESD (dB/Hz)

Normalized Strain
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