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Coastal research interest and main outputs

Landsliding vs erosion
Recognition, mapping and monitoring of coastal landslides

Discovery of submarine
‘hidden landslides’

Integration of terrestrial and
marine datasets aiming at
comprehensive hazard
assessments

|dentification of chronological constraints to the onset
and development of coastal landslides



Landslides vs erosion
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Azure Window, Gozo
The disappearance of an icon of the Maltese landscape

Azure Window before (a) and
after (b) the collapse of 2012

Source: Coratza et al. 2016,
Geoheritage 8(1)

Azure Window before and ' :
after the collapse of 8 March 2017 |



Geoheritage (2016) 8:91-103 @
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ORIGINAL ARTICLE

Bridging Natural and Cultural Values of Sites with OQutstanding
Scenery: Evidence from Gozo, Maltese Islands

Paola Coratza' - Ritienne Gauci? + John Schembri? - Mauro Soldati' + Chiara Tonelli'
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Landslide risk issues in Malta

In 1970 a 12 years old boy was killed by a rock fall on the NW coast
of Malta, at Gnejina Bay and other injuries were reported more

recently

ﬂ Segnalibri X

Cerca:

v c A Gy L |j [ﬁle:///C:/Documents and Settings/Stefano Devoto/lavori_geologia/Dottorato/Newspaper faccident.htm

B -

- E Barra dei segnalibri
=] Menu Segnalibri
[\ Segnalibri non catalogati

_Source: Times of Malta, 16 April 2009

er Se. P =
(8] Pit visitati 4 Come iniziare [\ ] Ultime notizie m HotMail gratuita [j Personalizzazione coll... m Windows m WindowsMedia
]
Home
News
World News
Business & Finance
Sport
Opinion
Social & Personal
Letters
- L - Our journalists and
Alfred Grixti photographers are
Alison Bezzina amongst the best in
Andrew Borg Cardona the country, but they
can't be everywhere
Desmond Zammit atonce.
Marmara L
Fr Joe Borg See something
ira Losco important? Send it
Students' View
Tanja Cilia
Information
— EVERYONE
Weather = 2 : - - - -
Awoman who saw her cousin being killed by falling rocks in Gnejna Bay has issued a plea for
m the authorities to post warning signs at Delimara and nearby bays where, she said, a similar I S TALKI N G
e danger exists.
_ Carol Ellul said the rocks on the beach at Delimara is concave shaped by erosion. People often ABO UT IT
shelter below the cliffs and rocks as protection from the sun. L]
Downloads
Videos “Thirty-nine years ago | saw my cousin die at Gnejna Bay on his 12th birthday. We went for a day
atthe beach, a piece of hanging cliff (like the one in Delimara) fell on top of him and on my
brother. My brother survived by a miracle. But Gino Portelli died on the way to hospital, | have
Books never forgotten that day, it will stay with me for the rest of my life and | never go near the cliffs of
Delimara or anywhere that can collapse. St Peter's Pool has the same structure.”
Business Find our
T Ms Ellul said the authorities should remove structures which appeared to be in imminent danger y
of collapse, and also put up warning signs before summer setin.
Classifieds > » > 2k qream
Life “It will happen again one day if we do nothing,” she warned. EVE RYON E JOb
i-Tech = _—
. SPHDX G D % | = Jj=
IS TALKING eteyoie
inet il ot




TIMES ? MALTA a Latest World Community Sport Business Opinion

Storm causes rockfall at Xatt -Ahmar in
Gozo

People urged to keep away from a section of the bay for their own safety

Rock fall, Gozo, November 2019

Rock falls NW Malta,
2011, 2012

7 maggio 2012



Recognition, mapping and
monitoring of coastal landslides
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Population:

Source: 414,508 (2010)
y World Bank
302,.650 (1970)

Area: 316 km?2

Study area




Methods and phases

An integrated multi-technical approach was used including:

% Geomorphological survey and
mapping, including sampling for
landslide CRE dating

% Different monitoring techniques

< Photogrammetry ||]|:>

< Geophysics —)

< PSI combined with WofE |":>

% PSI combined with PSTime | IC2y

>

Geomorphological map
(1:7500)

v Interferometric analyses
v’ 2 GPS networks

v 2 tape-extensometer
networks

v 2 automatic fissurimeter
v LiDAR

1957 and 2004 Aerial photos

GPR and ERT investigations

Landslide susceptibility mapping

Definition of displacement
trends




Geological control on landform development

Limestones plateaus overlying marly and
clayey terrains characterize the coasts of
northern Malta

Spectacular rock spreads and block slides can
be found along the NW coast




Geological features

Coastal morphology is controlled by the different mechanical and
physical properties of the outcropping rocks
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Landslide recognition
and mapping in the open-
air lab of the Malta NW
coast aimed at:
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Types of landslides

» Rock falls (limestones)
» Rock spreading (limestones and clays)

> Block slides (limestones and clays)

» Earth slides/flows (clays)

Rock Spread

Earth Flow and
Recckal Earth Slide

Source: Devoto et al. 2013,
Landslide Science and Practice




Type of movement
+

Material involved in movement

l

Different types of coastal instability

l

Different hazard (and vulnerability)
for different landslide types!!



Lateral spreading and block sliding

Lateral spreading is favoured by the overlapping of rocks showing
different mechanical behaviour.

The lateral extension of rock masses tend to evolve into block
sliding.

Outstandings examples have been recognised along western sector
of Marfa Ridge, Anchor Bay and Il Qarraba peninsula.
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Article

Advantages of Using UAV Digital Photogrammetry in
the Study of Slow-Moving Coastal Landslides

Stefano Devoto 1*(, Vanja Macovaz 2 Matteo Mantovani 3", Mauro Soldati 4 and
Stefano Furlani !

II-Prajjet

Marfa Ridge

(3
o
5
.

Anchor Bay

Ghajn Tuffieha Bay

Ras Il-Wahx

Figure 8. The spatial distribution of categorized megaclasts of: (A) Marfa Ridge; (B) Anchor Bay;
(C) Ras II-Wahx headland; and (D) [I-Qarraba peninsula. Remote Sens. 2020, 12, 3566



State of activity:
Interferometric
analysis

First
evidence of
active
deformation
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Article

Advanced SAR Interferometric Analysis to Support
Geomorphological Interpretation of Slow-Moving
Coastal Landslides (Malta, Mediterranean Sea)

Matteo Mantovani !, Stefano Devoto 2, Daniela Piacentini 3, Mariacristina Prampolini % Remote Sens.
Mauro Soldati * and Alessandro Pasuto ! 2016, 8, 443
Nat Hazards (2015) 78:681-697 ,

DOI 10.1007/s11069-015-1740-8 @ CrossMark

ORIGINAL PAPER

Landslide susceptibility modeling assisted by Persistent
Scatterers Interferometry (PSI): an example
from the northwestern coast of Malta

Daniela Piacentini! - Stefano Devoto” -
Matteo Mantovani®(® -+ Alessandro Pasuto® *
Mariacristina Prampolini* + Mauro Soldati*
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s GPS monitoring is taking place since 2005. Benchmarks are
located at the top of the limestone cap, which is clearly affected
by rock spreading and block sliding.

s Tape extensometers have been installed in 2009 at the front of
the promontory with the aim of cross-checking displacement data.




Benchmarks 9

MOnitoring results — lI-Qarraba Reading 0 September 2005
Updated 201 9 Reading 27 May 2019
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GPS measurement of horizontal surface displacement

Ranging between 1 and 5 cm \ Ranging between 5 and 10 cm

GPS measurement of vertical surface displacement GPS measurements
© Ranging between 0 and 1 cm elapsed since September 2005
Campaign n. 27 (May 2019)

Benchmarks 307 and 309 were

\ Fissure vandalized in 2015, 2017, respec-
tively

@ Ranging between 1 and 5 cm
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Benchmarks 9

Monitoring results — lI-Qarraba Reading O | September 2005
Updated 201 8 Reading 25 May 2018
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GPS measurement of horizontal surface displacement
Ranging between 1 and 5 cm \ Ranging between 5 and 10 cm

GPS measurement of vertical surface displacement GPS measurements

@ Ranging between 0 and 1 cm elapsed since September 2005
Campaign n. 25 (May 2018)
Benchmark 307 and 309 were

Fissure vandalized in 2015 and 2017
\ respectively

@© Ranging between 1 and 5 cm

Horiz. [cm]  Vert. [cm]
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The advantages and limits of the monitoring
techniques used

Time interval between

Techni . : o

chnique available data Main advantages Main limits

Interferometry 35 days - 1992-2012 (Recent) historical Line of sight

(C-band) 12 days - 2014-2016  analysis and displacements, high

6 days - 2016-now monitoring costs

GPS 5-6 Reliable Time consuming

Tape 3-4 Easy to be carried out | Relative

extensometer and cost-effective displacements along
the scanlines. Low
precision

Automatic 6 hours High accuracy To be installed only in

fissurimeters measurements. secure areas, to avoid

Possibility to correlate
displacements and
precipitation

vandalism
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Landslide susceptibility map of
NW coast of Malta

New approach that combines the
WofE method and PSI analysis

Parameters considered:
slope angle

ecurvature

«distance from coastline
«distance from scarp
«distance from faults
«distance from joints

*Topographic Position Index

The results were verified by a
cross-validation, field surveys
and on-site GPS measurements

Source: Piacentini et al. 2015,
Natural Hazards, 78



Discovery of submarine
‘hidden landslides’
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Elevation (m)
._1 30

0

Depth (m)
0

— Present coastline

NW coast Malta

Golden Bay

' . 300m
. B4 130 m | |
5 14°200°E 14°300°E E
P I
& ‘*_j B )
! Source: Soldati et al. 2019
In: Landscapes and
Landforms of Malta
Legend
— Faults .
Geology M\“VL
Upper Coralline % /L
Limestone Fm. e s
Blue Clay Fm. S R o
L Globigerina Limestone Fm f F — 5
g Lower Coralline Limestone Fm. g “&_,\V,.} s
# 0 3000 6'000m '8’-/ “T. -JT /

19°200°E

15°00"E

12°00°E




Bajda Ridge
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Landslides at [I-Qarraba site — NW Malta
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Integration of terrestrial and
marine datasets



Submerged and terrestrial landslide deposits

Anchor Bay

lI-Qarraba




Comparison of submerged/emerged features

B Rilievi presenti nell'area NW

soom \

Profondita
area NW

Structurally-controlled
plateaus

NW coast of Malta
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Source: Soldati et al. 2017,
Proceedings of Romanian
Geomorphological Symposium



Integrated geomorphological map of emerged and submerged
areas of northern Malta and Comino

INTEGRATED GEOMORPHOLOGICAL MAP warore wasows waners
OF EMERGED AND SUBMERGED AREAS ‘ :
OF NORTHERN MALVA AND COMING

Source:
Prampolini et al. 2017,
Journal of Maps, 13(2)

Mariacristing PRAMPOLINE, Federica FOGLINF, Sara BIOLCHP,
Stefano DEVOTOY, Serafino ANGELINI', Mauro SOLDATI
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Identification of chronological
consftraints to the onset and
development of coastal landslides



Cosmogenic Ray Exposure (CRE) dating
at Anchor Bay & lI-Qarraba
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c . ! University,
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Cosmogenic Ray Exposure (CRE) dating
at Anchor Bay & lI-Qarraba
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Cosmogenic Ray Exposure (CRE) dating
at Anchor Bay & lI-Qarraba

21.4+4.3 kyr ago

J
9.1 % 0.5 kyr ago M RP Y. e
oA adiae ¥ Il Prajjet (Anchor Bay)

f : - "
@ X7.4 + 0.4 kyrago o amae
0 SR COP.  300+015 16+05 (214+1.3

01A
POP-02 1.23 %= 0.06 49 +1.2 9.1 £ 0.5
POP-03 1.08 = 0.05 7.3 x17 74 £ 04

ll-Qarraba
QAR-01 1.48 = 0.06 42 +1.0 10.0 = 0.5

QAR-02 187 x0.09 681*x24 (151 %= 0.9

Data are normalised to the GEC standard (36CI/Cl = 444 x 10-
15).

Carrier 36CI/Cl = 1 x 10-15

36Cl decay constant 2.3 x 10-6 yr.
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Source: Soldati et al. 2018,
Journal of Coastal Conservation, 22




Cosmogenic Ray Exposure (CRE) dating
at Anchor Bay & lI-Qarraba

ll-Qarraba

Older events located more inland
than younger events

i 1 — first-time failure that involved a
: large portion or the entire slope

» First chronological constraint
to coastal block slides:
minimum ages of
development

—— Total extension of landslide runout (Ca 2 1 4 kyr ago)
—— Isobath related to a specific dated event

-130m->21.4+ 1.3 kyr BP -30m->10.0 £ 0.5 kyr BP -15m->7.4+0.4 kyr BP

-110m->15.1 £ 0.9 kyr BP -20m->9.1+0.5 kyr BP (not represented)

o0}

» Palaeo-environmental

conditions: subaerial and
more humid environment

Relative sea level (m)

> %—)(—)ﬁ
0Ols-5 0Ols-4 0OIs-3 IS-
20100 80 60 m 2
Time (x1000 years) before present

Source: Soldati et al. 2018,
Journal of Coastal Conservation, 22



Research perspectives

» Acquisition of necessary knowledge to define methods to
perform landslide monitoring offshore

» Production of risk maps also taking into account issues related

to climate change (sea-level change, more frequent extreme
meteorological events etc.)

» Definition of protocols which can be utilised in coastal
environments for risk reduction and resilience improvement

Combine landslide and coastal
erosion in hazard maps




With contributions of
S. DEVOTO,

M. MANTOVANI,

A. PASUTO,

M. PRAMPOLINI




