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Geoswim: perché?

• Perche rilevare a nuoto? 

• Perché rilevare le coste rocciose?

• Perché nel Mediterraneo?

• Per chi?

• Entro quando?

• …ma davvero finiremo?







…anche il tridente d’oro!



Il team Geoswim2.0



Il team Geoswim3.0



Ansedonia 



Le coste rocciose

• Le coste rocciose coprono oltre la metà delle coste del mondo 
e si presentano in situazioni climatiche, geologiche e forme 
molto diverse



COSA SONO LE 
COSTE ROCCIOSE?

From Furlani et al., GSL, 2014 (modified from Schneider, 1976

Sunamura (1992)



Plunging cliffs
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Cliff/platforms



Pocket beach



Rocky coasts in the Mediterranean

Limestone coasts

Malta (M)

Istria (HR)

Perachora (GR)

Marseille (F)



Come sono studiate?

• Studies on rocky coasts focussed on specific sites or problems, and 
studied with punctiform observations, are mostly carried out walking 
(e.g. Kennedy, 2013; Kennedy et al., 2014 and references therein) or 
through remote sensing-based data.

• The common feature of the works examined here is the fact they are 
very localized, because of the complex logistics of swim and underwater 
surveys (Furlani et al., 2014a). The greater efforts related to the physical 
commitment of swimming has certainly discouraged many researchers 
from swimming along rocky coasts, especially along plunging cliffs.



Tanti punti, poca continuità…

• Da un punto di vista geomorfologico, le coste rocciose sono 
solitamente studiate in maniera puntuale (grotte, forme 
particolari tipo solchi marini, archi e faraglioni, ecc)



• The availability of very 
detailed remote data, 
both in the subaerial and 
underwater 
environment, such as, 
respectively, LiDAR and 
Multibeam data, cannot 
satisfactorily contribute 
to describing the tidal 
and neartidal zone, its 
peculiar landforms, such 
as tidal notches, or the 
horizontal variations in 
these parameters.

From: Warrick et al. (2020) JCR

A chance



Modelling the intertidal and 
neartidal



What is Geoswim?

GEOSWIM IS AN APPROACH OF 
SWIM-SURVEY OF ROCKY COASTS

• By swimming with mask and fins

• Collecting time-lapse images of the intertidal and nearshore
zone

• …surveying of coastal landforms, physical/chemical
parameters, etc



Conceptual
model

From: Furlani (2020) Marine Geology



Swim-surveys

• Swim-surveys represent an intriguing challenge for geologists 
and geomorphologists that are commonly involved in field 
surveys of rocky coasts. 

• A swim-survey can be classified as an expedition, or a long 
journey undertaken with specific aims, in this case for 
scientific, exploratory and geographical purposes. 

• The expedition involves a single rough survey implying a loss 
in resolution, while fieldwork involves returning to the same 
place, to examine the same and related scientific issues, 
possibly with other scientists, and recovering the richness 
forfeited in the successive losses in resolution of the 
expedition (Richards, 2011).



First 
experiences

• Until 2012, swim and snorkel surveys for long routes were never used for 
scientific purposes along the coasts (Furlani, 2012). 

• In 2012, an extensive programme, called ‘Geoswim’, began collecting 
geomorphological, hydrogeological and biological data together with field 
visual observations along wide sectors of rocky coasts in the Mediterranean 
basin (Furlani, 2020 and references therein)

• We have use wide-ranging swims around the Mediterranean rocky coasts, 
that cover about half the basin (Furlani et al., 2014b). 

• Despite their importance, extensive swimming or underwater surveys had 
never been carried out before the Geoswim experience.



About 23.000 km of rocky coasts in the Mediterranean and 
Black Sea

Furlani et al., Geological Society of London, 2014



THE GEOSWIM APPROACH
Snorkeling and swimming along rocky coasts



How to swim and survey?

• The raft (ISR, Instrumental-supported raft), the fleet

• Instruments

• Navigation issues

• Data
• Instrumental data

• Time-lapse images and videos
• CTD data
• Depth data

• Observational data

• Data storing, time register and coordination between instruments and data 
saving and storage

• Users training and expertise

• Expedition design and limitations



The raft
• The snorkel surveys are carried 

out using a specially-built raft to 
support the swimming activities 
and to house all the surveying 
equipment. A base constituted by 
the spearfishing Sporasub
platform EVA was adopted. 

• Its total length is 1.15 m, the 
width is 0.57 m and the total 
height 0.13 m without the plastic 
glove for fish storage, while the 
weight of 3 kg. The raft is 
constructed with Ethylene-vinyl 
acetate (EVA), a light polymer, 
about 0.98 g/cm3 with very good 
resistance to permanent 
deformation after compression 
and quite good resistance to 
abrasion, excellent resistance to 
UV and very resistant to seawater. 

• It is considered virtually 
unsinkable by producers.



Evoluzione del barchino

2014 - Ciclope I 2015 – Ciclope II (test)

2012 - Wilson 2013 - Pitea



Ciclope III

2016 – Last evolution of the Ciclope III (test)







2021  Tremiti



The fleet



INSTRUMENTS



How to collect data

• Cameras

• CTD sensors

• Echosounder

• GPS



Instruments

From: Furlani (2020) Marine Geology





Echosounder



Depth data



CTD divers and sensors





Chemical/physical data



Cameras



360 images



Time-lapse images

From: Furlani et al. (2020) Remote Sensing
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Image 
analysis



Acquisizione Lidar



Il database



NAVIGATION ISSUES



How to navigate

• The Geoswim approach is based on field surveys of long sectors of rocky 
coasts carried out following a planned route and using snorkeling.

• Usually the campaigns are carried out during the spring or summer 
seasons, because of the generally favourable sea conditions that allow 
easy navigation. 

• The survey follows a route at roughly 1 m to 5 m from the coastline in 
order to identify the lateral variations in coastal geotargets, and at the 
same time collect time-lapse images above, below and at water level. 

• Small changes in the route can occur with respect to the planned one 
due to the local topography or due to worsening in weather and sea 
conditions. The latter forces the swimmer to move out from the coast 
for safety reasons. 

• The navigation usually proceeds at a constant speed, ranging between 1 
and 2 km/h, unless they encounter significant changes in the coastline, 
prominent geomorphological features, or topographic obstacles.



Coastal navigation

From: Furlani (2020) Marine Geology



I sopralluoghi



DATA

Instrumental and observational data



What are we searchin for?

From: Furlani (2020) Marine Geology



Furlani et al. (2020), Remote Sensing



Submarine springs (Dalmatia, Croatia)

Are they importnat in tidal notch genesis?



Present-day notch at Gozo (Malta)



Geomorphological targets



Millenial sea level changes

Historical slc in the Mediterranean Sea

Malta

Istria (HR)

Gulf of Trieste (I)

Gulf of Trieste (I)



SWOT analysis: pro and contra



EXPEDITIONS 2012-2020



From: Furlani (2020) Marine Geology



Papers



2012

Istria (Croatia) and Gulf of Trieste (Italy)



Geoswim in Istria









Assistenza a terra







EC/T – Istria (Geoswim 2012)

A

Number 

of stage

B

Place of departure

C

Place of arrival

D

Length (km)

E

EC min

(mS/cm)

F

EC mean

(mS/cm)

G

EC max

(mS/cm)

H

T min 

(°C)

I

T mean 

(°C)

L

T max 

(°C)

Test site Sistiana Duino 2.2 35.960 47.614 51.520 21.7 22.6 23.8

1 Šišan Liznijan 6 56.892 61.140 62.000 25.2 26.7 29.3

2 Liznijan Kamp Medulin 11 60.248 61.671 62.528 25.0 26.3 29.2

3 Kamp Medulin Pomer 8 60.604 61.730 62.844 25.3 27.4 30.1

4 Pomer Kamp Stupice 8 53.400 59.509 60.456 26.7 27.8 30.7

5 Kamp Stupice Premantura 14 57.652 59.201 60.256 23.4 26.2 27.5

6 Premantura Banjole 11 57.696 59.630 61.732 24.5 26.6 29.2

7 Banjole Stoja 12 54.532 57.049 58.220 24.7 26.5 29.7

8 Stoja Pula 9 56.508 60.608 61.544 26.1 27.3 29.5

9 Pula Peroj 8 58.960 59.640 60.832 27.2 28.4 30.6

10 Peroj Bale 13 58.180 58.180 60.088 27.4 28.0 29.2

11 Bale Rovinj South 8 58.368 60.093 60.848 27.2 28.3 30.4

12 Rovinj North Valalta 10 / / / / / /

13 Limski Kanal Koversada 10 53.928 60.820 61.468 25.6 26.6 29.4

14 Koversada Zelena Laguna 11 58.956 61.951 62.560 25.5 26.0 28.8

15 Zelena Laguna Porec 7 60.728 62.556 63.338 24.8 25.3 26.2

16 Porec Cervar 13 60.136 62.833 63.828 25.2 25.9 28.6

17 Cervar Mirna 9 60.772 62.704 63.260 25.2 25.9 27.3

18 Mirna Novigrad 6 59.536 60.875 61.940 25.5 26.6 29.1

19 Novigrad Daila 8 52.916 60.415 61.044 25.9 26.3 27.4

20 Daila Sv. Pelegrin 7 60.064 62.430 63.276 23.6 24.8 26.1

21 Sv. Pelegrin Umag 8 60.648 63.593 64.012 20.8 21.7 24.2

22 Umag Savudrija 9 60.924 63.240 63.644 / / /

23 Savudrija Kanegra 7 61.408 62.602 63.052 24.1 24.3 24.9

24 Kanegra Strunijan 8 59.724 60.552 61.352 23.9 24.8 26.5

25 Strunijan Koper 12 60.036 60.807 61.408 23.9 25.6 27.5

26 Koper San Bartolomeo 6 59.140 60.823 62.048 25.0 26.7 30.2

27 San Bartolomeo Trieste 12 57.592 59.502 60.448 24.4 25.8 26.7



Dissolution: submarine springs and notches

Gulf of Trieste (I). Furlani et al., submitted (QI)



Dissolution: submarine springs and notches
Limski Kanal (HR). Furlani et al., submitted (QI)



The submerged notches: ancient sea
level markers



2013

Gozo and Comino (Malta)



Geoswim2.0 – il percorso



The Geoswim Project



…non sempre ottime condizioni del mare…





3 types of notches



Results – Rocky coasts coastal forms –

potholes, etc



Submarine springs (Gozo, Malta)

Submarine freshwater can play a significant role in coastal solution/erosion

Freshwater



EC/T – Gozo and Comino (Geoswim 2013)



Elementi geomorfologici ed idrologici rilevati

Furlani et al. 2017



Formazione del roof notch a Malta



2014

Egadi Islands (Sicily, Italy)



The route

Cod Location Area Country
Days of 
survey

Lenght

Departure End

2014-EG-01 Cala Manione Punta Bassana Marettimo Italy 14/09/2014 7,1

2014-EG-02 Punta Bassana Punta Pegna Marettimo Italy 15/09/2014 8,0

2014-EG-03 Punta Pegna Punta Troia Marettimo Italy 16/09/2014 7,4

2014-EG-04 Punta San Leonardo Punta S. Vituzzo Favignana Italy 18/09/2014 4,9

2014-EG-05 Punta Faraglione Cala Fumere Favignana Italy 19/09/2014 3,2

2014-EG-06 Punta Faraglione Punta Sottile Favignana Italy 20/09/2014 5,3

2014-EG-07 Cala Dogana Cala Dogana Levanzo Italy 21/09/2014 12,0

2014-EG-08 Punta Sottile Puntazza Favignana Italy 22/09/2014 11,0

2014-EG-09 Punta San Vituzzo Puntazza Favignana Italy 23/09/2014 7,8





Furlani et al. (2021)
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Per la sua natura carbonatica, 
costituente gran parte delle rocce 

affioranti sull’isola,
sono favoriti i processi carsici, 

fondamentali nella formazione 
di molte delle sue numerose 

grotte marine.
Tra le più famose la Grotta del 

Presepe.

+8 m



Sito Lat Long Litologia

Ampiezza solco 

(cm)

Profondità solco 

(cm)

Profondità 

piattaforma(m) Note

Levanzo

(223) 37.985.319 12.337.012

Calcari 

dolomitici 145 150 0,70 (ampiezza 45cm)

Levanzo 

(226) 37.986.344 12.332.737

Calcari 

dolomitici 90 90 0,20

Profondità fondale

-1.30m

Levanzo 

(240) 38.008.357 12.325.216

Calcari 

dolomitici 40 70 Vermetidi

Levanzo 

(245) 38.015.881 12.336.670

Calcari 

dolomitici 75 50 Fori litofagi Solco Tirreniano
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Sea caves at Egadi islands



Isola Long Lat Rilevamento Geoswim Rilievo 1994 Schema Note

Levanzo 12.333081 37.98603 x

Levanzo 12.326398 37.99079 x x

2° grotta del Buco (14) cunicolo di ingresso sfocia 

in ambiente più ampio

Levanzo 12.329472 38.01112 x x 7° Gr. Di Cala Tramontana (39) Genesi carsica

Levanzo 12.343796 38.00025 x
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Sviluppo 
carsico 

superficiale.

Grotta sopra 
al livello 

medio mare 
con ingresso 
sommerso.



Nome Grotta Isola Long Lat Rilevamento Geoswim Rilievo 1994 Note

Grotta delle Meduse Favignana x x Gr.1° di Punta  (10) punto 339 o 340

Grotta delle stalattiti Favignana 12,314316 37,944875 x punto 338

Grotta dei crolli Favignana 12,309933 37,950955 x x Gr. 2° s.l.m(6) punto 343

Grotta GEOSWIM Favignana 12,311251 37,949766 x punto 342

Grotta dei cordini Favignana 12,309693 37,951607 x x Gr. 1°s.l.m (4) punto 344

Favignana x

Cala Rotonda1 Favignana 12,280688 37,924574 x punto 261

Cala Rotonda2 Favignana 12,281248 37,924546 x punto 263

Cala Rotonda3 Favignana 12,281538 37,924514 x punto 264

Cala Rotonda4 Favignana 12,282933 37,924905 x punto 266

Cala Rotonda5 Favignana 12,283621 37,924433 x punto 268

Favignana 12,283993 37,918521 x punto 274
Grotta della Foca Monaca Favignana 12,311193 37,919560 x punto 287

Favignana 12,368188 37,923082 x punto 315

Grotta del Bue Marino Favignana 12,369740 37,917133 x punto 326

Favignana 12,366284 37,906603 x punto 331
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Nome 

Grotta Isola Long Lat

Rilevamento

Geoswim

Rilievo 

1994 Schema Note

Grotta del 

Tuono M 12.063415 37.98964 x x

M 12.064894 37.97728 x x

Vicino Grotta 

Cammello (9)

Grotta del 

Cammello M 12.064421 37.98331 x x

M 12.082936 37.94527 x x Cisternola(24)

M 12.080147 37.94774 x

M 12.042608 37.95850 x

M 12.045547 37.96029 x x si

Libeccio o Gr. 

Della strada (32-

33)- grotta di 

crollo

Grotta 

Bombarda M 12.043594 37.96742 x x Si Bombarda (36-37)

M 12.044011 37.97084 x x

Grotta Bombarda 

2

M 12.041310 37.97074 x x Grottiglia (39)

Grotta del 

Presepe M 12.040917 37.97081 x x si

Grotta del 

Presepe(43) 

M 12.036267 37.98094 x

Grotta 

Ficara M 12.039491 37.97911 x x si

Grotta della 

figarella (47) 

Grotta 

Perciata M 12.036713 37.98215 x x Gr. Perciata (48)

M 12.039037 37.99302 x x Mugnone (51)

M 12.057308 37.99083 x

Grotta 

della Pipa M 12.057449 37.99082 x

Solo 

citata(frattura con 

forma a L)

R
ISU

LTA
TI M

A
R

ET
TIM

O
-G

ro
tte





Grotta del Tuono





Rapporto tra  mtn attuale e ftn 
(MIS 5.5) in aree stabili

mtn=90%, ftn=1%

l.m.m.

ftn

mtn



2015

Ustica, Sardinia, Malta NE



• The coastline in the 
study area is indented, 
with small bays 
alternated to headlands 
and high plunging cliffs.

• The height of the cliffs 
and plunging cliffs along 
the Ustica coastline 
range between few 
meters to about 100 
meters at Capo 
Falconiera. 

Stacks, sea arches and coastal 
landforms



Stacks



Sea caves
The coastal scenery is characterized by 12 caves opening at the sea 
level, stacks, arches and rocks.



Lithophaga holes have been recognized on the cave wall (3). Often the lithophaga holes are 
covered by about two-three centimetres thick of flowstone (1,2). Small stalactite have been 
recognized in the upper portion of the cave (4). Fossil barnacle bands covered by flowstone are 
recognized over 1,70 meters above sea level (1, 5).

Grotta Segreta cave: geomorphological and paleontological features

SWIM-SURVEY OF THE ROCKY COASTS OF USTICA ISLAND (SICILY)



Volcanic landforms



Notch in volcanics

• Geoswim allowed to discover, for the first time in the 
Mediterranean area, the tidal notch carved in small 
carbonate inclusions in volcanics, at the present-day sea 
level. 



Tidal notches at Ustica



MIS5.5 notches

• Moreover, MIS5.5 tidal notches were found at 25 m a.s.l., in 
Spalmatore sector, as result of the uplift of the island. 



2016

Marche coastline (Italy)



The «Ciclope II»



Local conditions during the 
survey



Landslides

I rilievi hanno messo in evidenza un litorale caratterizzato da un’elevata suscettibilità ai 
movimenti franosi, legata alle condizioni geologiche (stratificazione dei calcari e calcareniti 
con angoli quasi verticali) e alle rocce particolarmente poco conservative.



Per la stessa ragione, le forme marine sono poco rappresentate lungo il litorale



Tidal notches
Tidal notches on the Due Sorelle rocks 
and other 3 sites

Tidal notches are rare in this sector, 
only in correspondence of vertical 
limestone layers, off-shore inclined

A tidal notch forms in 300-500 years



Le grosse frane che investono il promontorio 
del Conero potrebbero avere questa cadenza?



Nostante la scarsa visibilità durante i rilievi, il bedrock  sembra chiari e "lucidato" dall’azione 
abrasiva legata ai massi di frana arrotondati (size from decimeter to meter). 
Anche formazione di marmitte poco spesse e molto estese.





La linea di riva, nella zona infralitorale, presenta spessori di circa 0.80 m colonizzati da 
Mytilus Galloprovincialis, anche di notevoli dimensioni, che fino al livello medio del mare, 
con gusci di piccole dimensioni.



1.5 m



CTD data



2017

Paros Island (Greece)



• The island of Paros is located in the Central Cycladic islands 
(Aegean Sea, Greece)

• From a geological point of view, the area consists mainly in 
metamorphic rocks (micaschists, marbles, gneiss, etc). Marbles 
outcrop in the study area

• The area is exposed to southern winds and





Morphometric parameters

The sinkhole is:
10 m high,
41 m long (NNE-
SSW direction);
20 m large (WNW-
ESE direction).

Its bottom is half 
covered by blocks 
collapsed from the 
lateral cliffs. 

In the remaining 
half, the maximum 
depth is maximum 3 
m and it increases at 
the entrance up to 8 
m.





Results – Geological survey

From a geological 
point of view: 
layered Mesozoic 
marble of the blue-
schist facies of the 
lower unit of the 
Attic-Cycladic 
complex and minor 
non-carbonate 
lithotypes.

The site is affected 
by folding and 
faulting, responsible 
of intense 
deformation and 
fracturing of the 
affected lithologies.



Results - drone



Results - drone



Results – time-lapse images

8 m

3 m



Results – CTD data
-0.05 m b.s.l.

multiple depths



Some consideations…

• We hypothesized that tectonics in conjunction with erosive 
processes determined the formation of a former sea cave and 
subsequently, after the collapse of the roof, sinkhole, or roof-less 
cave. 

• Fracturation weakened the bedrock down to the production of small 
blocks, and the wave action promoted with time not only the partial 
collapse of the roof and the cliff, but also the seawards removal of 
resulting blocks and, above all, of the highly-erodible non-carbonate 
rocks. 

• This process (tectonic fracturing and selective erosion) sub-
excavated the bedrock until the roof collapsed, resulting in the 
formation of the sinkhole which is, in fact, the sole example of such 
along the entire coastline. 

• Just aside the sinkhole, a few tens of meters along the coast and in 
comparable tecto-lithological scenario, there is another possible 
example of a former sinkhole/roofless cave now evolved into a small 
cove.



2018

Argentario and Ansedonia (Tuscany, Italy)



Study area 



Geomorphological results: notches

Morphometric features of the present day tidal notch in 
the study area:
-max depth: 1.2 m
-max width: 0.6 m

Tidal notches are sometimes carved on isolated
mushroom-like landforms



MIS5.5 tidal notch



Geomorphological results: caves



17 sea caves were mapped
and measured, specially on 

the eastern sector of the 
study area 



2020 ISOLE PELAGIE

Lampedusa, Linosa, Lampione



Geoswim at Tremiti Islands (Puglia, Italy)
Thank you for attention

…Geoswim 2022…




