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CCGM Morpho-Bathymetry of the Mediterranean sea
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Morpho-Bathymetry of the Mediterranean Sea
Carte Morplio-Bathymétrique de la Méditerranée @

Pt | P i
Mheramor Frofecom (1 )

) M st Ty CEMW sl UNBSCTY | Clart prsblitr prar 4 CLM ot FUNISETY n|
oo sy ety P Toragn, commebitn. ymiihesss sl Lot / Comrpluon, comiLaiain, sviliso of dessss i 1 ihapertis
Lagtitia BROSOLO, Jean MASCLE, Benoit LOUBRIEU

Wit O furmcal sssstarr of Lasrrnt CAMEEA & jere TEFVISAN
Tme M s @ 9
[

e boren

e e a1 e e, s, st o ST

The o et s . o e Ling (P11, ol oo ey ke
: - The b TR by sl bt B R b s . of e s St b by Lo ., Bl | s Mg g (Y0, + W b s o e Mot S 5, CIF Bt spisd
o i o o e e Il g sl & b o it e e U e et Lt b o S 19 200 vy bl Lt et
2O 2 10 oo o s e Ml munees i pooess d TOVMER. t SRS o m—mrﬁﬂm&whwmww——o Flambuy e, b T U e g
TEigrpte, jur gieiyees dosaon [rvtommant de promarnes s s et 10 4 g ke ke B.EQ3P. L CAIV), Qhrhpurn b, o plsnties 258 et e
e i
- Pt B e e o e el st AT, bt M. o f s il . oo e b b st i g i ot Tl 3, Com e . o O+ Rt of the il of i, Yo
L 00 Pty o et 0 5 et e 100 "
1. Lawimios, &

o VT e b Wl s f e i - b itk e o L i o Liubrion. B Mot sl Vidimag e Myt of e Meebivenamens S . CSAL TRIAER spuiad
o
e

o .
et i e e BRTMER, SO CHOIEER, 1 T RMLAR gt R, Mg e 8 T b 3 o 0 s s s b k(8.5 54
s b B bt b S EAR 1 1 o g il =
= P et
eyl .
iy e e Bt b 4 e e it g b e el - B o Cted 4t b

s [ s BN 1 N gevmman e F s gl GTICD) ol

[T P pe—r—

g . -r.-n s b
b 5 e s . ad o M S 1 T 300 s R G o o 5. s e e Fmed Byt ot o B (e



The present-day geological configuration of the Mediterranean region is the
result of the creation and ensuing consumption of two major oceanic
basins: the Paleotethys and the Neotethys.

The overall tectonic regime was (and it is) the regime of prolonged
interaction between the Eurasian and the African-Arabian plates.

The Mediterranean domain provides a present-day geodynamic analog for
the final stages of a continent-continent collisional orogeny. Over this area,
the oceanic lithospheric domains originally present between the Eurasian
and African-Arabian plates have been subducted and partially obducted
(ophiolitic terranes), except for the lonian basin and the south-eastern
Mediterranean.

The modern marine basins of the Mediterranean Sea are variably floored
by: (i) remnants of the Tethyan oceanic domains (lonian, E Mediterranean);
(ii)) Neogene oceanic crust (Algero-Provencal basin and Tyrrhenian Sea); (iii)
extended continental lithosphere (Alboran Sea, Valencia Trough, Aegean

Sea), and (iv) thick continental lithosphere (Adriatic Sea).
1|mst—,
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The Calabrian subduction
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The subduction of the lonian Sea
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The subduction of the lonian Sea
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The subduction of the lonian Sea
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The subduction of the lonian
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Calabrian accretionary Prism

Deformation is related to an imbricate fan

within the post-Messinian salt-bearing
. accretionary wedge (yellow domain), out-of-

sequence thrust faults in the pre-Messinian
| ; wedge (green domain) and normal faults in the
_LNOESS . nner plateau (gray domain).
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Fore-arc basins
Pre-Messinian
prism (inner, outer) |
Post-Messinian
prism

N R

g :

«w__» thrustfault
<.~ normal fault

Calabrian Escarpment
up to 750 m high, 200
km long, 15t order
feature of prism,
separating inner
plateau from steeper
outer wedge

Ceramicola et al. 2014
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TWO WAY TRAVEL TIME (s)

about 10 km
- -

o O€ISMIC Stratigraphy

PLIO-QUATERNARY

HEMIPELAGICS of the lonian basin
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PSRy b mf'- DEFORMED MESSINIAN .

&b@»ﬁf L,% n .' Y EVAPORITIC SEQUENCE Tethys _uce:an, the lonian Sea turns out to be the
R ﬁa& oldest in situ ocean fragment of the world.
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S ;31'3‘*"' ""f?“‘”o‘“ﬁ“i;...; * It has been saved from subduction since locked

' within irregular S shaped continental margins of

PRE-MESSINIAN Africa and Eurasia.

CENOQOZOIC CLASTICS

CRETACEOUS * ltis a 350 km wide x 600 km long abyssal plain
lying at 3-4 km depth, locked between the
continental platforms of northern Africa, Malta-
Hyblean plateau, and Apulia, and active orogens

JURASSIC of Calabria Arc and Hellenides.
OCEANIC . ] )
BASEMENT = Athick pac‘kage (5—-7 km) of sediments overlying

an extremely thin (8-11 km) crystalline crust.
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THE IONIAN SEA

Calabrian accretionary prism - cross sections
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Taranto
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foredeep sediments
onlap outer edge of basin

thrust
front

? velocity pull-up of reflectors faulted subsiding
in footwall because of higher “foreland” units
seismic velocities in thrust
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The Calabrian mud volcano province

» Seabed mapping
based on data
acquired by OGS in
2005 and 2009

» At least 54 MVs
(conservative criteria),
all but one (possible)
landward of Calabrian
Escarpment

» 3 sites cored, others
geophysically inferred
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Multi-parameter geophysical evidence of mud volcanoes

Catanzaro MV _
(150 m water » 5 km off Calabrian

depth) coast, only MV in
<1000 m water
depth (100 kHz
backscatter)

* Mud breccia
extrusion above last
glacial maximum
unconformity  (19-
23 ka BP)

» Hydroacoustic
evidence of gas
venting to water
column

280 ms (TWT)

Ceramicola et al. 2014b m‘




Calabrian mud volcano province — in summary b"ﬁﬁ‘

Py X Mud Volcanoes
A2 0 @ Proven (cored or gas flares) « At least 54 MVs (+ one on

: | O B S AR land)distributed across fore-arc

basins (thin salt) and inner prism

(no salt) — lower density than Med

Ridge, fluid sources at depth

O 2 criteria (BKS + MB)
@ 1 crterion (MB)

 Local influence of faults, none in
centres of fore-arc basins (rising
fluids blocked by salt or mud?)

» Seabed extrusion of mud breccias
over last glacial to post-glacial
cycle (50/53), ongoing gas
seepage (3 sites)

« All but one possible MV landward
of Calabrian Escarpment

$00 lovel

Fore-arc basin | inner pre-Messinian prism outer pre-Messinian prism post-Messinian prism
:
o & .
A ~ .
£~ A
Iy Calabrian
Escarpment 2

Z = A

Ceramicola, et al. (2014)




Fluid seepage
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Central and Eastern Mediterranean accretionary prisms

D e Sl NG R 7 SRR P e e """"'""‘ = e . .
' S mn Mediterranean Ridge etc :

« MVs 1st identified from mud
breccias over 30 years ago
(Cita et al. 1981)

* Mud breccia extrusion for >1 Ma
(ODP 164, 1996)

Hundreds — highest abundance on
Earth? (Kopf 2002)

+ Tectonically-controlled crestal belt

Calabrian ‘arc’:

* Recent entry— rapid slab roll-back
since the mid-Miocene c. 9 Ma »>
meets Med Ridge

* No seabed studies for >25 years
since Rossi & Sartori (1981)

* Presence of long-lived mud
volcanoes proven by OGS in 2005

&

Mascle et al. 2014



Mass movements
along the Calabrian
margin

1 Mass Transport Complexes
(MTCs) in intra-slope basins
(northern Calabrian margin)

2 Isolated Slide Scars (ISSs) on
open slopes (all margins)

Buried debris

)00+

flows 3 Headwall & Sidewall Scarps in
. v~ Slope parallel Submarine Canyons (HSC)
-7 sediment (Calabrian margin)
J00- ondulations

1 Isolated slide scars 4 Slope-Parallel Sediment
Undulations (SPSU)

Submarine canyons (s, thern Calabrian margin)

Ceramicola et al. 2014a b
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Ciro marina submarine canyon and coastal hazard

Ceramicola et al. submitted




Ciro marina submarine canyon and
coastal hazard
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Porto di Cird Marina
Ore 11:00 del 01 Dicambre 2013
Foto by Sergio Marino
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Adriatic-lonian Bimodal Oscillating
System (BiOs) (Gacic et al., 2010)

The lonian Sea is the deepest regional sea of the Mediterranean and plays an important role in the
intermediate and deep thermohaline cell of the Eastern Mediterranean (EMed) conveyor belt (Gacic
et al.,2010)

The vertical structure of a water column is formed by three layers : dense and oxygenated waters,
mainly of Adriatic origin (in the bottom layer), salty and warm waters coming from the Levantine and
Aegean basins (in the intermediate layer) , relatively fresh water of Atlantic origin (AW) propagating
toward the Levantine basin over surface

A reversal of circulation in the lonian Gyre from anticyclonic to cyclonic has been observed in the
middle of 1997.

Adriatic lonian system behaves as a bimodal oscillating system when anticyclonic circulation are
present in lonian AW are deflected in the Adriatic leading to production of ADW of lowering density
which spread in the lonian producing a deeping of isopycnal surface and stretching of water column !
weaking of anticyclonic circulation produce the reverse of circulation to cyclonic when cyclonic
circulation are present in lonian salty LIW enters in the Adriatic leading the production of ADW of
increasing density which produce a shallowing of isopycnal surface = weaking/inversion of cyclonic
circulation
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The lonian Sea circulation reverses on decadal scale.
Accordingly, Atlantic Water path is deviated, generating
an alternate «dilution» of the
North lonian and Adriatic Sea (A), or Levantine (C)
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Fig. 5. Summary of the mamn characteristics of the Adnatic-Ionian B1OS and its impact on the area. (a) cyclonic NIG; (b) anticyclonic B
* For more detailed explanations, see main text (Sect. 4.2). For acronyms, see main text.



