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What causes relative sea-level change?

1. Vertical land movements along the coastal zone due to:
» regional tectonics (plate tectonics, isostasy)

> local tectonics (earthquakes, coseismic
displacements, active faults)

» volcanism (dynamics of magma chambers
i.e. uplift and subsidence)

» other sources of local movements capable to
produce subsidence or uplift

We will discuss here point #1, but changes in ocean volume will
also cause land movement because of change in stress state of
the Earth and/or change in gravity. Thus we cannot avoid end

exclude land movements, even in areas of otherwise tectonic
stability.
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Geological evidences: MIS 5.5 (125 ka) “Tirrhenian”

Uplifted terraces in Calabria

Vertical displacement (mmia)
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Rates of the slc (mm/yr) inferred from MIS 5.5 (125 ka)
(from Ferranti et al., 2006) EGU 2008 - Vienna



The Mediterranean basin is an active region

ar

Serpelloni et al., 2007, G.J. 1. 2007
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Current deformation of the Mediterranen basin

Geophys. J . (2007) doi: 10.1111.1365-24620. 200703367 x

'Kinematics of the Western Africa-Eurasia plate boundary from focal

! Itimuso Nazionale di Geofisica e Fdcanologia — Centro Nazionale Tarvemoti, Via Dt Cresi, 12— 40128 Bologna, ftal. E-mail: serpelloniibo. ingv.it
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E. Serpelloni,1 G. ‘\-’annucci,z S. Ponclrelli,2 Al Argnani,3 G. Casula,1 M. Anzidei,1 m.é!?_
P. Baldi* and P. Gasperini* =

EGU 2008 - Vienna




Seismicity of the Mediterranean basin

3507

30°

Last 30 years of
instrumental seismicity
CMT and RCMT.
Sismological data from
ETH and I1AG.
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the Mediterranean
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Sea level change

P P
stick-meter | | stick-meter N
= N geoid
eoid 7
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|| SL
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. solid surface
— I, solid surface r;

The sea level change is defined at the Earth’s crust surface because N and U
act in the continents !
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The natural lab &

The Mediterranean basin, being settled since historical times, is a natural
laboratory unique in the world, to study through coastal archaeological sites, the

relative sea level change due to the vertical motion of the Earth’s crust as well as
the change in water volume, since the last ~22 ka BP (Cosquer cave).
Very good estimations are given by roman age sites (~2 ka BP).

! p 5y Classis .
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> Tharros "8 Pandataria . - =] 4 - Ao :
: meh-. - " Bmndisium
. Nora
Athenae Cnido
Syracusae
Carthago
Caesarea
Sabratha Cyrene
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Coastal archaeological sites in the Mediterranean can provide goo?r
data for relative sea level change measure since the last ~3.5 ka due
to change in water volume, as well as for the estimation of the
Earth’s crust deformation

HOW ?

Geodetic approach ! Specific architectural features of these sites, can
be considered unconventional levelling benchmarks or
“archaegeodetic benchmarks” which have recorded the intermediate
(~10° to 3x10° yr) to very short term (~10? yr to seconds) land
movements (tectonics, isostasy, seismicity and volcanism).

EGU 2008 - Vienna



-.r_,|'|

AL

Evidences of the relative sea level changes in the
Mediterranean since the last interglacial

-8.5 m -2.5m -0.5 m

~0.5ka

Bizanthyne
Sites (Med)
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~2Kka archaeogeodetic benchmarks (functional elevations)

Fish thanks
e channels, sluimiﬂ'ﬁrg’posts,
* lower crepidine

e thresholds of channels

Harbours
* Bollards
* lower crepidin€

e channels
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Sluice gates: the precise ~2ka benchmark

0.65 m

Posts with
sliding grooves

Crepidine

A

Inner wall

Holes &2 cm for water exchange

o
4. ;ﬂl

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

Crepidine

Mediterranean
Tides at 0.45m

Fish tank
up to 2.7 m depth (Columella)

Anzidei et al., 2005
Lambeck et al, 2004b

W
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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Some examples from coastal

archaeological sites in the
Medi
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Copyright: ESA, 1987 s
Distributed by EURIMAGE - Nuova Telespazio W
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_«_ The long term records of the bradiseism at
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Movimento del Suclo al Serapeo
Ricastruito sulla base di dati geologicl, documenti storici e, dal 1805, dati di livellazioni di precisione.
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Crete island — seismic region
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Harbour location

Distance from the fault trace (km)
0 50

Displaced

Roman harbour (r.s.l.c.)
topography

ON

Surface
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Crete
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SW Turkey — seismic region

Cleopatra’s bath
Twelve islands
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Tunisia — stable region
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Israel — stable region

New preliminary
observations show an rslc
at ~0.0=0.2 m (2ka).
Stable region.




Briatico (Italy, Calabria) — active region

Relative sea level change
at 0.0 £0.2 m from the
Fish tanks

soly -2

T

Briatico, Calabria: equilibrium
between tectonic uplift, s.l.c. and
isostasy of ~ 1.4 m (in absence of
known coseismic movements).

—

Same results at Alicante (Spain) !
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Briatico (Calabria) — active region

The elevation between the
archaeological and morphological
indicators show that the relative sea
level has not changed since the last

1806 + 50 years.

Balance betwwen tectonic uplift and the
glacio-hydro-isostatic signal at (.7
mm/yr. Agreement with geological data
(5e level). (Anzidei et al., 2006)

erosion platform Fish tank mooring

Cross section ot in scale
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Archaeogeodetic data vs predicted sea level
curves, tide gauge and GPS data
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Sea level models at 2ka

COMPUTERS
GEOSCIENCES

ELSEVIER Computers & Gieosciences 33 (207) 538562 [
wiww clsevier com/loca te jca geo

SELEN: A Fortran 90 program for solving the

" C ety ELSEVIER Quaternary Sdence Reviews 24 (2005) 1 9691988
sea-level equation

G. Spada®, P. Stocchi
e i e wivr o qum — v~ v PA-8), My =5% 10 (Pa-s)

Sea-level change in the Mediterranean Sea since the LGM: model
predictions for tectonically stable arcas

Kurt Lambeck™, Anthony Purcell

Research School of Earth Scimees, Australion National University, Canbeara ACT 0208, Australia

Predicted sea level change at 2ka. Ice model
ICESG (Peltier, 2004).

Earth model parameters:
* Lithospehric thickness 90 km
* upper mantle viscosity
5x 10%° P; 5x 10%' Pa s
* lower mantle viscosity
4 x 10?2 Pa s (Spada and Stocchi, 2006)
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Model from

Observations from

EGU 2008 - Vienna



Sea level curves can be estimated
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Sardinia
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Sea level curve at Briatico: balance between tectonics,
slc and GIA

The archaeogeodetic benchmark
follows the sea level curve since its construction (180650 yr BP).

(curve from Lambeck and Purcell, 2005) .

Briatico
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Tide gauge data and archaeological sites

Tide gauge data reducted to el .

the Torre Astura site (stable), _
corrected for the differential 7200 ] Black Tine = secular ftrend .

glacio-hydro-isostatic signal. ]
7150
< ]
> i
\ -
g 7100 -
Eustatic signal at ]
7050 -

1.02+0.21 mm/a for the last 100 yr
Isostatic correction at
0.54+0.03 mm/yr

Grey line = gradient of the glacio-hydro-isostatic signal

| to the sea level rise
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Tide gauges vs

Genova Trieste. Thesaaloniti
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Models vs GPS & tide gauges &

from Stocchi et al., 2007 submitted

ICE5G I q
> UG PS (GPS rate from Serpelloni et al., 2006)
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Vertical velocities predicted from the glacio-hydro-isostatic model (two viscosity values of the mantle) vs vertical

GPS velocities computed across a N-S section from ZIMM (Germany) to NOT1 (Siciliy). Model ICESG  gGU 2008 - Viénna
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GPS vs tide gauges & models in the Mediterranean 4

= GPS

-0-Ny=4x10% (Pa-s) Vertical velocities predicted from the glacio-
] 4 Mw=4x10% (Pa-s) B hydro-isostatic model (for two viscosity
e - values of the mantle) versus vertical GPS
E . " velocities computed at selected stations
z e | across a N-S section from ZIMM (Germany) to
3 ‘O““ngh_ﬂﬂ_‘_g NOT1 (Siciliy). Model ICE5G (GPS data from
B -1 1 T L - Serpelloni et al., 2006 Annals of Geophysics and model from
5 Spada and Stocchi, 2007)
| |
2 L] - 3
m  PSMSL
2 ICESG
-3

ZIMM  TORI GRAS AJAC CAGL NOT1
GPS stations

rate of sea level change (mm/yr)

Slc rates from tide gauges versus GPS

vertical velocities. Model ICE5G (Gps
data from Serpelloni et al., 2006 Annals of
Geophysics and model from Spada and Stocchi,
2007)

vertical velocity (mmi/yr)

Pa LM
PSMSL tide gauges

Work In progress
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Predicted 'S for ICESG(RVKL) and
estimated length of retreating beaches
according to GNRAC (2006), relative to the
Italian peninsula (a), Sicily (b), and
Sardinia (c).
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CONCLUSIONS @

» The rslc since ~2ka along the coastlines of the Mediterranean region displays different
values at different locations. It is dominated by the effect of the GIA as well as by
tectonics (i.e. uplift at Briatico and Alicante; coseismic uplift. of 6.5 m at Phalasarna,
Crete) and volcanism (i.e. Aeolian islands and Baia).

> coastal archaeological allow the estimation of level change rates since since ~3.5 ka due

to ii) vertical isostatic movements of the Earth’s crust, iii) local vertical movements
due to tectonics and volcanism. Rates mm yr ' of 0.8 for Sardinia, 1.1 for northern
Adriatic (but with tectonics of 0.8 mm yr~1) (.7 for Tyrrhenian sea, (.7 at Alicante, 2.2
in SW Turkey (.25 in North Africa,

»  timing of the 2ka sea level rise. Instrumental rate cannot be extrapolated far back in
time to roman age, being it is not consistent with the elevation of the archaeogeodetic

Current GPS vertical velocities
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THE END
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