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Offshore geohazards

4==  tsunamiwave ==

(Chiocci et a

..........

Examples of offshore geohazard target areas

are therefore regions within:

* Active fault systems and Seismicity

* Slope systems with slope instabilities
and/or active submarine channels

* Canyon systems with active turbidity
currents

* Volcanic systems and Oceanic islands

* Shallow (pressurized) gas systems and gas
hydrates

* Exploration sites for assessing the
environmental impact

b

earthquake

[

Bolide Impact ; (Morgan et al., 2009)

» Major tsunami
..... » Earthquakes

» Landslides

* And much more

Rift & Transform Margins Subduction Margins Oceanic Volcanoes Passive Margins
* Moderate earthquakes « Large earthquakes « Submarine/subaerial landslides * Submarine landslides
» Submarine/subaerial landslides « Submarine/subaereal landslides « Debris flows, turbidity currents * Debris flows, turbidity currents
* Debris ﬂpws, turbidity currents « Explosive eruptions, lahrs « Volcanic eruptions » Modest earthquakes
* Tsunamis » Debris flows, turbidity currents » Earthquakes * Tsunamis
* Methane emissions * Tsunamis * Tsunamis * Methane emissions
» Methane emissions * Methane emissions




Mediterranean Sea

The Mediterranean coastline is very densely populated, totaling 160 million inhabitants
sharing 46,000 km of coastline (3.5 inhabitants per m of coastline). World's leading holiday
destination, receiving up 30% of global tourism and an average of 135 million visitors
annually; this is predicted to increase to 235-350 million tourists by year 2025 (European
Environmental Agency - EEA). When compared to other oceanic basins, the Mediterranean
is more vulnerable to marine geohazards due not only to the high density of coastal
population, but also to its small dimensions. The latter results in close proximity between
tsunami sources (induced by either a submarine landslide or co-seismic seafloor
displacement) and impact areas (Camerlenghi et |., 2010).




Hellenic Volcanic Arc
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The new high resolution multi-beam bathymetry map (R/V Marcus Langseth’s Simrad Kongsberg EM122 12kHz multibeam)
of Christianna-Santorini-Amorgos was used to: (i) identify the areas of the most recent tectonic deformation and detail the
geodynamic structure of the region between Santorini and Amorgos - the site of the largest Greek earthquake in the 20t
century (ii) discover and describe new seafloor volcanic edifices along the Hellenic volcanic arc and along the NE extension
of the Kolumbo volcanic chain; and (iii) locate and describe mass wasting features along the active faults as well as
pyroclastic flow deposits on the flanks of Santorini volcano.




(Nomikou et al., 2012)
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NSF-NERC Caldera-forming eruptions — how
do they generate tsunamis?” PI: D.Tappin

MARSDEN AWARDS 2017: “Volcanoes can

make waves too: a new understanding of
tsunamis  generated by volcanic
. cruptions” Pl: E.Lane (NIWA)

e

Schematic diagram of volcanoes generating
tsunamis a) discrete explosions; b) eruption
columns; and c) pyroclastic flows.

Q [}
N

19 tsunamis were generated, with the largest Using an integrated physical-numerical

during the final climactic event, which approach we will replicate aspects of the

devastated adjacent coastlines with 30-40m generation process and use this

high waves knowledge to determine key elements of
the fascinating phenomena involved in
volcanoes generating tsunamis.




Earthquakes 1956 Amorgos Earthquake
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Landslides

Graphics/Image: Felix Gross, GEOMAR




Tsunami
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BN Emerged plains more than 500 metres wide

In the year 365 the Crete Earthquake
took place which was followed by a
tsunami around the Eastern
Mediterranean that destroyed
Alexandria. It is said that earthquake had
a magnitude of around eight which
resulted in a wide destruction affecting
huge parts of Greece, Cyprs, Sicily, Lybia,
Egyp and even Spain! The resulting
tsunami (it was an undersea earthquake)
killed thousands of people.







UNDERWATER SURVEY

Multibeam
swath bathymetry

# Sub-bottom profiler
Penetration: tens of metres
Resolution: < 1m

Seismic reflection
Penetration: hundreds of metres
Resolution: > 1m

SONDA BATIMETRICA

La sonda batimétrica permite realizar mapas batimétricos de detalle.
Aprieta el botén para ver como funciona.




The bathymetry comparison
above is from an area south
of Floreana Island,
Galapagos. The top image
is the area’s bathymetry
before the August 2015
expedition, mapped to a
resolution of about 1 km
per pixel. The bottom image

shows bathymetry mapped
during the expedition with a
resolution of 10 meters per
pixel, two orders of
magnitude difference.
Image Credit: Adam Soule,



https://www.whoi.edu/news-release/Galapagos
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Overview map of the area mapped with

SeaBat 7150 mounted on N/O Pourquoi Pas?
The data shown are gridded with a spatial
cell size of 30-40 meters

(Escartin et al., 2014, 2016)
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Submarine landslide
sea floor topography in the Gulf of Mexico

Sigsbhee

.............
~ S
’’’’’’’’

.........

e""Nuppe

T -~
~~~~~

(William, 2016)



Satellite
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Autonomous Underwater Vehicles
Base station (AUVs) are unmanned robotic craft which
can autonomously survey the ocean floor
along a pre-programmed course.
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Underlying DEM from P. Nomikou (Proteus 20m grid) for planning purpose only.
Geographic projection WGS84 UTM Zone 35N. Map created with QGIS
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Stations and raw AUV bathymetry (AUV dive 0259).
Data is gridded at 1m resolution.
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Flgure 2, Escartin et al., G3 (2016)

AUV microbathymetry (merged with shipboard
bathymetry) and primary rock types of samples
recovered during ODEMAR ROV dives (black thin
lines), and dredges (coloured lines of different
thickness).

A) Microbathymetry of the 13°30’N OCC.

B) Shaded relief of the 13°30°'N OCC and
primary lithologies sampled.

C) Microbathymetry of the 13°20’N OCC.

D) Shaded relief of the 13°20°'N OCC and
primary rock types sampled. Locations of
the two microbathymetric maps are shown
in Figure 1. The limit of the AUV surveys is
visible at the transition from the smooth
shipboard bathymetry (40x40 m pixels) and
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The Submarine
Volcanism project
has been mapping
the summit and rift
zones of  Axial
Seamount since
documenting the
flows of the 1998
eruption with ship-
board multibeam
sonar a few
months afterward.
Subsequent

expeditions have
coupled AUV
bathymetry  with
ROV observations,
allowing  precise
determinations of
the extent of new

lava flows after the
2011 and 2015
eruptions.



High-ResolutionUnderwater. .
Mapping Techniques y

L4

B&W camera ~

/
Color camera

Image based techniques
Photomosaicing
Stereo reconstructions

Visual survey in the Poet’s
Candle area showing the vents
and white bacterial mat. Twenty-
seven hundred individual stereo
pairs were used to create the

High frequency

. . North [m] . - ; East [m] . il m u I ti b eam
Side view of Chewbacca area multibeam. Poet’s Candle is the

large structure between blue and green. Frequencies > 500 kHz
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A) 13°3’Q’NV.OCC "y Chaotic terrain

j (Escartin et al.,
2016)

(Cartner et al., 2014)

Stratified pumice deposits
were observed on the SW
crater wall

Cross-section of the 13°30’N detachment fault
zone along a vertical fault scarp, ~8-10 m high




21/11/2004
Les Saintes
earthquake

20 20
Depth, km

Recent fault scarp

Recentfootwall/ . :!é
fault scarp intersectiOR SR

Footwall/fault scarp intersection ~*EEE
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Secondary fault plane
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(Escartm et aI., 2016)
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Exploring offshore hydrothermal venting using low-cost ROV and photogrammetric
techniques: a case study from Milos Island, Greece

The use of low-cost, Remotely Operated Vehicle (ROV)
and underwater  photogrammetry  techniques,
Structure from motion (SfM) for 3D reconstruction of
shallow hydrothermal vent sites around Paleochori Bay,
Milos Island, Greece. Venting fields were Characterised
through interactive bathymetry models produced from
still images taken from camera onboard ROV flown
over areas of interest in double raster pattern

(Teague et al., 2018)
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Seafloor Mapping from Multispectral Multibeam

Bedfof@ Basin
Bedford Basin

N

Bedford Basisn, Canada
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Portsmouth / NewBex, U.S.A.

1. Kitpivn appog (Yellow Sand)

2. Appgog pe aAyn (Sand w. algae)

3. Aaomr®éng aupog pe Kopaiia (Muddy
Sand w. corals)

4. Appog (Sand)

5. Bpaxia / XaAikia (Rocky / Gravel)



Seafloor Mapping from Multispectral Multibeam

Prediction

Yellow Sand

Sand with algae

Mud Sand with corals
(M.S.C)

Fine Sand

Rocky / Gravel

Categories

ellow Sand
Sand with algae
Mud Sand with corals
(M.5.C)
Fine Sand
Rocky / Gravel

Yellow Sand

97%
3%

0%

0%
0%

UA
97%
92%
98%
90%

100%

200 kHz

Sand with algae
5%
92%
2%
1%
0%
Overall Accuracy = 96%
PA

98%
94%

91%

96%
100%

Fine Sand
( %
D I}EI
10%

90%
0%

400 kHz
200 kHz
Rocky / Gravel \ 100 kHz
0% h"_

0%
0%

0%
100%

Pixels of Ground Truth

726670
341968

535967

370125
468989



Seafloor Mapping from Multispectral Multibeam

YNOMNHMA

B = oeposis
Sand Waves
Rippled Sand
I 7ensition (Rippled Sand & Gravel)

Gravel / Rocky
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I nm lvl_,___
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I:l Mud Sand w. corals
|:| Fine Sand
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l:l Yellow Sand
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IKYDA 2013-2014 g

basaltic rock 8-

Bright spot

The reflection seismic interpretation of the multi channel profiles reveals the 3D-structural

evolution of Kolumbo volcano which comprises three major (K1, K2 and K5) and one to two (K3
and K4) smaller eruptive phases. (Hubscher et al., 2015; Nomikou 2016)
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SW breach _N>
- Therasia The southwest straits are

morphologically fresh, and have
landslide scars with well preserved
headwalls and intervening septa. The
headwalls are steeper than that of
the NW strait, and are less scarred by
secondary slumping and drainage
channels (Nomikou et al., 2016).
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Seismic profiles showing the major fault zones at the
western part of Santorini volcano (Nomikou et al., 2018)
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Proteus project: Tomography Results (1-3 km)

+ Travel-time tomographic
inversion of P_ first-arrivals

g
(Toomey et al., 1994 )

» 1-3 km Depth Results

+ Low velocity anomaly
attributed to excess porosity

+ Inner caldera collapse
feature

Elevation, km

1.Inner caldera collapse with
rock breakup and/or infilling
with tuffs

2. Outer caldera downdrop
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Upper crustal magma chamber properties using P-wave
tomography at Santorini Volcano, PROTEUS seismic project:

1)

Shallow crustal magma
chamber under Santorini,
consistent with inflation
source and petrologic
observations

Minimum volume and
intrusion rate agree with
long-term magmatic cycle

Additional methods are
required to improve size
and melt content
estimates

s ER
--

?‘-—..:::.Z-'"----:‘- —
A-----‘...‘_. oL - o =~

(McVey et al., 2018)-AGU first results







Conventional Tools

' Ocean-going
Coastal L. vessel
vessel § S v

Autonomous
Underwater

Legend
Seafloor mapping - sidescan
sonar, bathymetry & backscatter
@ Subsurface surveys

@ Geotechnical sampling and
in-situ testing id
(4) Geological sampling & age dating 4 [

Seafloor
< drilling

<4000 mr

- _ Autonomous

%) Surface
icle

Acoustic

Legend
@ Repeated seafloor & link
subsurface surveys Remotely
@ Multibeam water column Operated
imaging Vehicle
@ Acoustic Doppler Current Profiler ) %U;ggm‘:grs

Instrumented mobile seafloor devices Vehicle
@ Ocean bottom seismometer & hydrophones

@ Fibreoptic cable or instrumented infrastructure ) . @ Q)
with distributed strain sensors I\ ] = —

Clare et al., 2017



The Ocean Observatories Initiative, funded by the NSF, is planned as a networked infrastructure of science-driven sensor
systems to measure the physical, chemical, geological and biological variables in the ocean and seafloor. A fully integrated
system, OOI will collect data on coastal, regional and global scales and transmit that data in real-time to onshore scientists.
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Siope Base Mooring

ENDURANCE ARRAYAND s
SLOPE BASE MOORING

The OOl presents a .
remarkable opportunity to
connect land based seismic

networks and GPS

observations with seismic and
pressure measurements
offshore using similar sensors
and real-time connectivity

NODES and J-BOXES
[0 Primary Node

B LowVoltage Node
B Medium Power J-Box
B Lowoluage -Box
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The Japanese do have a seafloor cable for
earthquakes and tsunami warning and
understand the value of warnings as early
as possible to save lives ashore.

Japan

The combination of
seismometers and pressure
gauges permits discrimination
of the earthquake’s motion of
the seafloor from the ocean’s
response in the form of
surface tsunami waves right at
the source location.

Self-contained and cabled seafloor observatories

DONET Japan oo

® Seafloor Observatory
T Borehole Observatory

seafloor cable for EQ
and tsunami warning (20 nodes)

|IODP borehole observatories connected



An European observatory network involving potential geohazard fields in Mediterranean
needs to be supported by:
i) Geohazard Seabed Mapping and Geological Site Characterization, ii) Fault Offsets and
Fault Activity Analysis, iii) Pore Pressure Analysis, iv) Gas Hydrate Quantification and
Stability Modeling, v) Tsunamigenic Geohazard evaluations, vi) Hazard Impact Assessment

40.5

Tyrrhenian Sea

3800 GEOSTAR
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Ionian Sea

Malta Escarpment
37'00
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N g ~ I x Okm 100 km 200 km 300 km
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Real-time long-term monitoring of oceanic
circulation, deep-sea processes and ecosystems
evolution. Study of episodic events such as
earthquakes, submarine slides, tsunamis, benthic
storms, biodiversity changes, pollution.
Simultaneous data relative to: seismology, geodesy,
sea level, fluid and gas vents, physical oceanography
and biodiversity imaging at different scales.




GEOHAZARDS MAPS

GEOHAZARD MAPS OF NAPOLI AND
SALERNO COASTAL AREAS. EASTERN
TYRRHENIAN SEA

by
Crescenzo VIOLANTE and Marco SACCHI
Consiglio Nazionale delle Ricerche, Istituto per I'Ambiente
Marino Costiero, Napoli, Itaty

Seafioor area with fast

oy o, evDL£ON MOMEROkIGY
Crater and vokcano- Mard bottom. Exposed
ectonk colapse. rock covered by
encrusting organisms.
Y| sioep covseat wotersres. Cnarveless sedment
X T [
- Flood-grone stream Scree and stream-bom
Seposits.
- F1000 Sorunates a0 -deita | ovep sementary fan.

Ring fauk 2000 and ira- Falure scarp.
Caldera resurgence.
Volcanc bank — 2 shelf
- edeice/volcanic substrate) - brosk.
B Rocky bank (Mesaroc - Drainage path.
basement). o,

Pyrociastic current denved Ancent cosstine, (3)
depasts, before AD 79,

SN Camyon s,
bl (a) canyon nim.

Main fault (dashed) and
Tat reaching seafioor,

No swath-bathymetry
asta

| Rocky coastal range. Carbonate deposits with unstable
I | Sedmertacy covers (mostly pyrockastics).

Volcani coastal range, Pyrockestic deposits and
subordinately effusive rocks.

Ahuvial coastal area.

Gerte siope depositional shelf composed of
2GQra3NG/Progradeg chnoforms.

Shallow “rocky” depostt (a) voicanic, (b) Mesoroic carbonate
besamant,

Canyon-controfed urt.

Abvupt shelf break, (2) fault controlied; (b) erosional,

E;w&ﬁzmn (ViOIenteI

om %000 000

2009)



Integrated Ocean Drilling Program (IODP)

Riserless Drilling Riser Drilling Mission-Specific : ;
Understanding the spatial and

temporal variability of submarine
geohazards, their physical controls,
and their societal effects requires a
diverse array of observational
techniques. Ocean drilling can be a
key element in understanding oceanic
geohazards, given that the submarine
| e geologic record preserves structures
Drifing mud and past evidence for earthquakes,
{ landslides, volcanic collapse, and
Mo even bolide impacts. This record can
be read and interpreted through
drilling, coring, in situ
characterization, observatory studies,
monitoring, and laboratory studies to
provide insight into future hazards
and associated risks to society
(Morgan et al., 2009).

Riser (circulation back 1o ship)

‘ Blow out praventer

® Completed in 2014-2017
© Scheduled for 2017-2020
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Virtual reality for geohazards and geological studies
(Nomikou et al., 2018; 2019)



