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Seismic hazard
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Africa - Eurasia plate boundary (Mediterranean): Faults
mostly offshore, slow velocities (few mm to cm/year




Southern ltaly : - subduction zone (w. volcanic arc)

- strong historical seismicity - no known great earthquakes offshore

-9 O M7 earthquakes

s subduction still active? [EEESEEPRSE 5O RIS P
B e X NP .+ =".| 1783 Calabria (50.000 killed)
(magn. 8 earthquakes?) :

Which submarine faults
are active ?
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Southern ltaly (Calabria / E Sicily): a region hit by
strong historical earthquakes and tsunami

Messina 1908: earthquake magn. 27, tsunami 5-10m (72.000 dead)

SR 01836
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1908 Messina earthquake - early telecommunication cables

"Textbook example™: earthquake = submarine landslide = cable rupture -
turbidite deposit (Ryan and Heezen, GSA Bull. 1965)
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Tectonic interpretation
(Gutscher et al., 2016, Tectonics)
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Where are the active faults offshore?

Tyrrhenian
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Newly mapped major fault system :

North and South Alfeo faults (2 x 80 km)

Strike-slip (dextral) and transtension
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CIRCEE survey North Alfeo Fault - Strike-slip faulting

(Gutscher et al., 2016, Tectonics)
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Geodynamics
(Gutscher et al., 2017, EPSL)

Three competing models:

tear fault = tear fault = tear fault =
Malta Escarpment Alfeo fault system lonian fault
15°E

Sopm s i N S

lonian abyssal ) » - lonian abyssal i -. ¥ ) S -i;;l.ian abyssal %_
plain : plain |4 plain =
~oneg W QNN - QN AN
(Argnani & Bonazzi, 2005, Tectonics;

Argnani et al., 2012, NHESS;

(Polonia et al., 2011, Tectonics;
(Gutscher et al., 2016,
Tectonics)
Govers and Wortel, 2005, EPSL)

Polonia et al., 2016; Tectonophys)



S Italy region: GPS vectors (Palano et al., 2012, JGR)
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S Italy region: GPS vectors (Palano et al., 2012, JGR)
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Typical GPS studies are
not possible offshore...

- "terra incognita”

Where are the active strike-
slip faults offshore?

What are the displacement
rates?



Newly published map

bathymetry (60m grid)
(Gutscher et al. 2017, EPSL)

6 new marine geophysical
surveys (2011 - 2015)
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Bathymetric map and

seismic reflection profile

(Gutscher et al. 2017, EPSL)
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Bathymetry and major

tectonic elements
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Simplified tectonic map WEFETITET 5;: 5

Several major faults
offshore (strike-slip)
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lonian Sea

Bathymetry
60m grid

(Gutscher et al.,
2017, EPSL)




lonian Sea

Bathymetry
60m grid

(Gutscher et a
2017, EPSL)

Interpretation: gel

Major faults
offshore




NEMO (NEutrino Mediterranean Observatory) and EMSO Node
(European Multidisciplinary Seafloor and water-column Observatory)

-INFN Catania

%"’Ji

Test Site Depth 2100 m

Internet
Radio Link

o
LNS Test Site Laboratory
at the port of Catania




KM3Net (Kilometer cube Neutrino telescope

Estimated cost ~0.25 - 0.5billion €
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NEMO / EMSO
KM3NeT =

Kilometer cube

Neutrino Telescope|

(cost ~ billions €)

On the N Alfeo
fault and In
a major turbidite

valley




Etna flank faults:

INSAR observations of
deformation

(Bonforte et al., 2011, G3)

discrete jumps of 3-5mm/yr
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CRACK survey :
vessel Tethysl!

Aug/Sep 2016

bathymetry,
sparker seismics



CRACK survey : sparker seismic profiles - Etna flank faults
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Etna flank faults (Masters project C. Lempereur, 2017 - unpubl.)
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Etna flank faults (Masters project C. Lempereur, 2017 - unpubl.)
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Link between Etna flank faults and the North Alfeo Fault

Seafloor geodetic survey (5 stations) in progress Apr. 2016 - 2018
Geomar, Kiel Urlaub) & Univ. Kiel (S. Krastel, F. Gross)
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Fiber Optic Cable Use for Seafloor studies of seismic hazard and deformation:

FOCUS (ERC Advanced grant proposal, 3.5 M€ requested
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Fiber optic strain cables: BOTDR (Brillouin Optical Time Domain Reflectometry)

- Structural health monitoring of large structures (bridges, dams, pipelines, tunnels,

T o ——
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Strain cables :

- BOTDR Monitoring of X
natural hazards (landslides) o Je)
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Strain cables :

- BOTDR Monitoring of
natural hazards (sinkholes)

strain (%)

embankmen




FOCUS: EMSO cable + new 5-km long fiber optic strain cable, calibrate
observations using 3 new networks of submarine geodetic stations




FOCUSSED marine expedition: AUV

micro-bathymetric survey
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FOCUSSED marine expedition: HR seismic profiles
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Horizontal Displacement
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FOCUSSED marine expedition: [ e

Seafloor geodetic stations
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FOCUSSED marine expedition: regional seismicity
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FOCUSSED marine expedition: Land-sea seismological experiment

15 Ifremer and 20 Geomar OBS, INGV land stations (+15 temp. stat.
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2 EMSO fiber optic
cables offshore
Eastern Sicily:

Catania (28 km)

C. Passero (100 km)
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Tectonic map and fault Tyrrhenian Sea -

kinematics
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European - African plate boundary
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European - Mediterranean telecommunication cables map
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European - Mediterranean telecommunication cables:

Crossing the Eurasia - Africa plate boundary
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Conclusions / Outlook :
- active strike-slip faults offshore E Sicily (seismics, bathymetry)

with connection to Etna flank faults (known from InSAR, GPS) 3-5mm/yr
displacements and observed in shallow water / coastal surveys

ERC project FOCUS:

- New approach : laser reflectometry (BOTDR method) on fiber optic cables
Main target - Catania EMSO cable (28 km) crossing N Alfeo fault

2 other EMSO cables : Capo Passero SE Sicily (100 km)

Molene Island W Brittany (2 km)

- Planned cruise 2019 site survey of cable - fault intersection

(seafloor geodesy, microbathymetry, seismics, OBS network)



Thanks for your attention!







Seafloor temperature:

1 year (Jun 2012 - Jun 2013) Temperature Is nearly constant

EMSO lonian Sea (2100m depth) 0.08° C maximum fluctuation

|Sun, 10 Jun 2012 00:00:47 Wed, 12 Jun 2013 19:03:01|
y I S
13.82

M 3 Temperature = - °C

R Y.
< - + >

13.74
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Preliminary tests with the BOTDR method on a local cable:
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Preliminary tests with the BOTDR

method on M
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Preliminary tests with the BOTDR method on Molene cable




Preliminary BOTDR tests on a fiberoptic cable in the lab
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Preliminary BOTDR tests on a fiberoptic cable in the lab




Preliminary BOTDR
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