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Presente, perche
sale il mare? E’ una risalita naturale o riscaldamento
climatico dovuto all’'uomo?

quali indicatori ci raccontano dove stava il mare, 2000,
20.000, 200.000, 2 milioni di anni fa?

dati strumentali mareografi satellite;

previsioni IPCC fino al 2100-2300



Milankovitch matematico Sloveno che a inizio
secolo intui che le variazioni del clima erano
dovute alle variazioni dell’asse terrestre. Tutte
le sue teorie sono state confermate.

Eccentricity Cycle (100 k.y.)
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Obliquity Cycle (41 k.y.)

Normal to Ecliptic ©Scott Rutherford (1997)

Precession of the Equinoxes (19 and 23 k.y.)

Nonthem hemisphere tilted toward tE?sun at aphelion.




Variazioni del livello del mare da 450 mila anni fa al presente, da SPECMAP,
Martinson et al., 1991et al. 2001
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Ocean Drilling Program (ODP),
carote sui fondi
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Solco di bat rgntefg»“f]Ja, 125.000 anni fa: + 8 m lp*; -
290 parti per milione di CO?
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nd Total Melt Area: 1979-2009

eased 65% since

Greenla

Total Greenland ice
1979 over the 30 y

sheet melt area incr
ear record; on average 2%/year.
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Figure 4.9: Time series of GMSL for RCP2.6, RCP4.5 and RCP8.5 as used in this report and, for reference the ARS
results (Church et al.. 2013). Results are based on ARS results for all components except the Antarctic contribution.
Results for the Antarctic contribution in 2081-2100 are provided in Table 4.4. The shaded region should be considered

as the likely range.




Le variazioni relative del livello del IT1Adl e

costituiscono la sommatoria di:

Eustatismo (Scioglim. Ghiacci + dilatazione termica) + iSOStaSia + tettonica
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dilatazione termica Tettonica e compattazione



Recent changes of the Antarctic ice sheet

GRACE Observations of Antarctic Ice Mass Changes
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Geomorfologici

Terrazzi solchi

Sedimentologici

Speleotemi...

Biologici

Fossili (lagunari) Vermetidi

Archeologici

Piscine, moli...
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COASTAL MORPHOLOGAL MAP
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Margine interno di un terrazzo marino risalente a circa
125.000 anni fa

-
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MIS 5.5 highstand, and future sea level flooding at 2100 and
2300 in tectonically stable areas of central Mediterranean sea:
Sardinia and the Pontina Plain (southern Latium), Italy

Giacomo Deiana' -, Fabr Antonioli’, Lorenzo Moretli !, Paolo E. Orra ' %, Giovanni Randazzo®, Valeria Lo Pre-

Figure 13. a, Google earth image of the Pontina and Fondi Plain with the carbonatic promontory of Terracina, Sperlonga on which

are carved the fossil tidal notches (b and ¢) aged MIS 5.5 the yellow arrow indicate samples number and altitude (see Table 3) Pia-
nura Pontina e di Fondi. d, the coastal area of northern Pontina Plain (on background he limestone Circeo Promontory); e, the coastal

area of northern Pontina Plain (on bac}\grm 1 he limestone Terracina promontory. f, the coastal area of Fondi Plair back ground

the limestone Terracina Promontory; ¢ same point but a southern view, with Sperlonga promontory



Figure 14.a: C lerma e sampled in a section outcropping in the channel of this figure in e. b Tapes decussatus from the outcr

on the reclamation drainage ¢ channel; ¢ and e the channel d the Mussolini channel during the excavation in 30s; f t/ie oufcrop Nass

iliferous level very rich of lagoon fauna. Se y Table 3 site 7.1.




Borgo

Sabotino

Thyrrenian sea

A

_~" Fault.

® Survey site

- F: Town.

| E: Alluvial Plain (river and

lacustrine deposit). Holocene.

| D: Marine-Lagoonal coastal
Plain. MIS 5.5. Partially
coverd by Present marsh.

‘ C: Aeolian and marine fossil
deposits, “Duna Rossa Antica”,
Middle-Late Pleistocene.

- B: Volcanic reliefs, Pleistocene.|f

N A: Mesozoic carbonate reliefs.

Pontinia o

v

Terracina

0 10Km

Figure 12. - Main geological outcrocps of the Pontina Plain, this map is a compilation of: i) Italian
Geological Survey sheet numbers 170, 158 and 159; ii) Map of the soil [51], iii) sinkhole map ot
Regione Lazio http://www.regione.lazio.it/binary/rl_main/tbl_documenti/AMB_PBL_Carta_Sink-
holes_Lazio_2011.pdt. The red dots reter to the sites described in Table 3.
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Fig. 3. Morphometric measures: A) Average notch width, B) Notch depth, C) Bottom
depth (reef when present), D) reef and step (if present) thickness, E) Depth of cliff toe
at mean sea level.
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| 1 Colonia de S. Jordie P. 2 Marseilie C acc { C Porto( 8 iriscottai 9 Cala Fuili 9 CalaFuili 10 Sella del Diavolo 16 Pan di Zucchero

18 Pan di Zucchero | 19 Cala Dome: 23 Tharros ) € 27 ¢ 28 Marettimo | 29 Marettimo 30 Favignana

35 Ris. Zingaro | 37 Palermo

| EN [N [0 CN O

ions of most significant tidal notches studied. a) limestone, b) sandstone and very erosive limestone, ¢) stratified limestone, d) stratified sandstone and very erosive limestone, e) re supposed limit
and kind of sea energy: g) very exposed, h) exposed, i) s red. |) geograph posure (see Tal
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Catania Lampedusa Otranto

Porto Torres Taranto Gaeta

Fig. 7. Relationship between notch width (a), mean tide values (b) and extreme (max—min) tide values (c) in locations where notches have been measured near a tide station.
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Phasing and amplitude of sea-level and climate
change during the penultimate interglacial

Andrea Dutton'*, Edouard Bard?, Fabrizio Antonioli®, Tezer M. Esat'!, Kurt Lambeck’

and Malcolm T. McCulloch'

Earth's present climate has evolved through oscillations
between short-lived interglacial and extended glacial periods
for the past million years. Direct markers of sea-level variations
within these cycles that are absolutely dated are rare for
periods older than the last interglacial; hence, our knowledge
of sea-level change driven by the waxing and waning of
continental ice sheets before that time is largely based on
proxy records from deep-sea cores'”. Here we present precise
U-Th ages from a collection of submerged spelecthems®®
from Italy, which record three sea-level highstands during the
penultimate interglacial period, Marine Isotope Stage 7, from
245,000 to 190,000 years ago. We find that in the first and
third highstands maximum sea levels of about —18 m (relative
to modern sea level) were reached several thousand years
before maximum northern hemisphere insolation, whereas
in the second, Marine Isotope Stage 7.3, the highstand is
essentially synchronous with the insolation maximum. Sea
level during Stage 7.3 also peaked at about —18 m, even though
the concurrent insclation forcing was the strongest of the three
highstands. We attribute the different phasing and amplitude
of this highstand to the extensive continental glaciation that
preceded Marine Isotope Stage 7.3, and conclude that the
response time of the cryosphere is an important component
of the climate system.
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la sezione di una stalattite campionata a Custonaci (Tp, Sicilia).
Lo speleotema é ricoperto da coralli e contiene 3 Ilatus,
corrispondenti a 4 trasgressioni marine nella grotta che ora si
trova a 97 metri di quota. La datazione dei coralli € di 1.1 Milioni
di anni. Le 4 tragressioni corrispondono agli stadi isotopici
compresi tra 25,41 fino a 1.5 milioni di anni.Si tratta della piu
antico speleotema







ANICE-SELEN x MVP3

Eustatic
Bahamas
Mallorca
Argentarola
Plemmirio
Croatia

85 G
time (ka)

Figure 11. Predicted MIS 5.1-5.3 RSL curves for the Bahamas and at the relevant Mediterranean sites for ANICE-SELEN
and the MVP 3 mantle viscosity protile. The black curve shows the eustatic.




Bahamas ] / Mallorca

Croatia < Plemmirio

Argentarola Argentarola

ANICE-SELEN

flowstone, speleothemn hiatus, serpulids

Figure 8. Predicted RSL curves for ICE-5G (red curves), ICE-6G (green curves), and ANICE-SELEN (blue curves) ice sheet
models, in combination with mantle viscosity profiles (MVP) 1-3 (solid, dashed, and dotted, respectively) at each site and
with respect to the measured elevations. (a) predicted RSL curves at MIS 5.1 in the Bahamas and with respect to the ele-
vation of the flowstone. (b) predicted RSL curves at MIS 5.1 in Mallorca. (¢) predicted RSL curves at MIS 5.1 in Croatia
and elevation of the speleothems. (d) predicted RSL curves at MIS 5.1 at Plemmirio and elevation of the speleothem. (e)
predict@d RSL curves at MIS 5.1 at Argentarola and elevation of the speleothems. (f) predicted RSL curves at MIS 7.1-7.2
at Argentarola and elevation ot the speleothems.




eustatic
isoline

l:igure 12. Predicted RSL elevation in the Mediterranean Sea during MIS 5.1 according to ANICE-
SELEN and the MVP 3 mantle viscosity profile. The pink dots indicate the location of the sites. The

black isoline corresponds to the eustatic value (-=38.5 m).
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Figure 13. Elevations and radiometric ages (*C and U-Th) of the Mediterranean speleothems and marine overgrowths
discussed in the present study and a comparison with the DWBAH flowstone Table Al. Argentarola (Italy), —18.5 m [2]

and —-18 and -21.7 m [22]; Plemmirio (Italy), —23 m [64]; Grotta di Nettuno (Italy), — 3 m [81]; U vode Pit (Krk Island,
Croatia), Stalagmite K- 4 (-14.5 m) and K-18 (-18.8 m) [3]; POS from Mallorca (Spain), + 1.5 m [4,5]; Malta [65]; DWBAH
Flowstone (Bahamas), 15 m [11]. Black line: global sea level curve reconstructed by [88].

Altitude (m sim)

Age (ka)

Figure 14. Zoom 1 of Figure 15. Light green line: AH flowstone [11]; orange line: Stalagmite
AS] (-18.5) from rola cave, ~18.5 m [2]; bl

blue : green line: Plemmiric
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Age (ka)

Figure 15. Zoom 2 of Figure 15. Green line: DWBAH flowstone [11]; orange line: Stalagmite ASN (-18 m) from Argentarola
cave [22], and stalagmite ASI (-18.5) from Argentarola cave [2]; black line: global sea level curve reconstructed by [88];

dark blue line: sea level drown with observed data.
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Figure A2. GIA for Caribbean Islands and Florida (redrawn from [39]).
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Figure 10. Predicted RSL curves for the ICE-5C (red curves), ICE-6G (green curves), and ANICE-
SELEN (blue curves) ice-sheet models in combination with MVP 1-3 mantle viscosity profiles (solid,

dashed and dotted lines, respectively) at each site and with respect to the measured elevations.

(a) Favignana. (b) Yucatan. (c¢) Bermuda. (d) The Bahamas.




Figure 13. Elevations and radiometric ages (14C and U/Th) of the Caribbean, Ja pan, and some Mediterranean ~po]vulhvm.\

discussed in the present study and comparison with the: global sea level curve reconstructed by [79] Black line
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igur . oomeda Ir ew o art o i:lll'&' J ‘ne ac mne 1s e global sea-level curve
F e 14. Zoomed in view of part of Fij Fine black lin the global sea-level v

reconstructed by [79].
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Article
New Evidence of MIS 3 Relative Sea Level Changes from the
Messina Strait, Calabria (Italy)

Given the overall scarceness of MIS 3 marine outcrops that are explorable in coastal
areas subject to important uplift, we consider the southern Calabrian site relevant for the

6,7

Fabrizio 1aco > !

Paolo O ; v i : :
Paolo St assessment of past sea levels during this still poorly known interstadial.

The GIA results suggest that the §180-based ice sheet models appear to significantly
overestimate the ice sheet volumes during the MIS 3.1 and 3.3. Our data are in agreement
with Gowan et al. [101], raising, by 40 metres, the eustatic contribution to sea level during
interstadials MIS 3.1, 5.1, and 5.3 with respect to the current global sea level curve scenarios.
Further, our reconstruction agrees well with the records proposing MIS 3 sea levels at
depths between —18 and —40 m.

UUT NUIMETICAL TeSULTS and ODServanonal ddra Conurmed tart me vild 5 KDL Cnanges
at Cannitello are governed by glacio-eustasy, whereas GIA plays a secondary role. While
the %O dependent ice sheet models result in RSL curves that are always significantly
lower than the observations, PaleoMIST 1.0 is the only model capable of returning a MIS 3.1
elevation that is in agreement with the observations. Indeed, we observe that there is a
discrepancy (of at least 30—40 m) between the eustatic altitude of the MIS 3 of all global
curves and those suggested by observations. Therefore, our results contfirm previous
evaluations by Pico et al. [63] and Gowan et al. [101] and support the contention that a
reduction of global ice sheet volumes across the MIS 3, and specifically at the MIS 3.1 and
3.3, is needed.




0
-5 —
-10 -
el = EUS VM2 MVP1 MVP2 MVP3
-20 i
=25 I
-30 - TR Y T Rt = o Ao IS
35 | ICE-5G
) _40 i
-45 - i o Bt T —
E 50 F ICE-6G
—_ =55
e -60 |- ANICE-
SELEN
PaleoMIST
maximal
PaleocMIST
minimal
75 80 85 90 95 100

time (ka)
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Sicily, St Vito Lo Capo -56
m. Is this an
archaeological marker for
sea level change?




Sequenza
temporale delle
evidenze
archeologiche di
variazioni del
livello del mare
imnli ultimi 22mila
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Cosquer cave - France
Today at -37 m

28N !

22 ka cal BP (dated from wall paintings, Clottes et al., 1992)




Sott'acqua puo essere facile prendere abbagli,
quella che sembra una strada o un muro o un
prosciutto, sono invece formazioni geologiche
naturali. L— -
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Conclusioni

La litologia dei “pilastri” sommersi che compongono parte della Sella, corrisponde alla
Formazione delle Ghiaie di Messina.

Il nostro schema di emersione del Ponte Continentale viene validato dagli studi
antropologici per le presenze dell’Equus Hydruntinus e dell’ Homo sapiens in Sicilia,
rispettivamente datate a 18.8 e 17.5 ka cal BP.
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a OIS5-01S4 (Mousterian)
e OIS3 (late Mousterian / Aurignacian)

s OIS2 (Gravettian / Epigravettian °
- Mmme&u;):er Pailpeglnhxcn | Esistono conferme a questo schema
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CLIMEX MAPS ITALY LITHO-PALAEOENVIRONMENTAL MAPS OF ITALY
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Map 1 - LAST GLACIAL MAXIMUM e
(22 4 2 ka cal BP) = b e
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Map showing Mesolithic and
Neolithic archaeological sites
which are potentially
correlated with submerged
archaeological landscape
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Capo Caccia, Sassari, Sardegna, si tratta dell'affioramento pit antico e piu interessante mai
studiato in Italia, scoperto negli anni ‘70, fu studiato dalla locale Sprintendenza con notevoli
difficolta tecniche, buio, sospensioni fangose, ecc. Ma vennero ritrovate inumazioni in situ,
nelle tombe scavate nella roccia a circa 8 metri di profondita, le ceramiche cardiali tipiche del
Neolitico Antico Sardo dettero la possibilita di una datazione precisa: 7300 anni fa (Antonioli
et al., 1996, Benjamin et al 2017. Alcuni vasi trovati in situ, sull'orlo di una profonda cavita
sulla quale, ai tempi delle inumazioni I'acqua dolce galleggiava su quella salata, dettero la
possibilita di attribuire al livello del mare di 7.3 mila anni fa una quota inferiore a-11 metri.
Tutto cio in perfetto accordo con quanto predetto dal Modello di Lambeck et al., 2011,
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Fig. 11. Palaeocoastline variations since 20 ka cal BP on central Italy coast. See Fig. 10 for timing and sea level change curves.
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La piscina di allevamento per pesci di Punta della Vipera, Civitavecchia, uno dei
migliori esempi di realizzazione ingegneristica di 2000 anni fa, in questo caso i
canali di entrata ed uscita dell'acqua si tfrovano a -1,28 metri. Nel passato, misure
errate effettuate sui muretti e nondei canali avevano fornito la quota di -50 cm.
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Sluice gates: the precise ~2ka benchmarks

Sketch of a sluice gate for the water exchange
in 2 Roman Fish tank

Posts with

sliding grooves Upper limit

Crepidine Crepidine
Inner wall =7 il ~ 0.2v0m
0.65 m ® A" Maximum tid :
> o @ 045 m Mediterranear
® o o | e Tides at 0.45m
B > ) ’ viinimmum tid
010 A
over imit
Holes &2 cm for water exchange |
Fish tank
up to 2.7 m depth (Columella) Anzidei et al., 2005
" Lambeck et al, 2004b

The top of the sluice gate coincides with the elevation of the lowest level foot-walk
(crepidine), to a position above the highest tide level.
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Millstone coastal quarries of the Mediterranean: A new class of sea
level indicator

V. Lo Presti **, F. Antonioli°, R. Auriemma*, A. Ronchitelli 9, G. Scicchitano ®,
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FLOODING SCENARIO AT FOUR ITALIAN COASTAL PLAINS USING
THREE RELATIVE SEA LEVEL RISE MODELS: THE NORTH ADRIATIC AREA
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Figure 16 The Cagliari plane map showing the potential submersion area using IPCC AR5 RCP 8.5
for 2100 and 2300: The MIS 5.5 extension occurred 119 ka BP.
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Figure 17. Map of Cagliari plane, (see also Figure 2 for location). The potential submersion area,
using IPCC AR5 RCP 8.5 projections at 2100 and 2300.
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Chloe Sladden

Farrell e Mortensen interpretano
due dei soccorritori
intervenuti per salvarili.
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