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ADRIATIC REGION and ADRIA PLATE
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(Viti et al., 2006)
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PLATE MARGINS CONFIGURATION IN THE MEDITERRANEAN REGION

Mantovani E. 1991 - La valutazione della pericolosita sismica in Italia
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EARTHQUAKES LOCATIONS LIMIT THE BORDER OF THE ADRIA PLATE
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(Chiarabba et al., 2005)
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Upper Paleozic - Early Mesozoic (250 M.A.)

‘tene
emerse 2
mari A‘»URA‘g"A
N s RussiA . . .
Nowo-AmERicA ) Wyicd ) Eurom At the end of the Paleozoic era, with the collision
,.,',.Q‘Q;S.f,‘smm\ B 9, between Laurasia and Gondwana, the continents
AR e VPR AN S were included in the so-called single mass
) CALABRIA |/ Golfo
I ama gl Pus della Tetide called “Pangea”.
\ ARABIA
SUD-AMERICA
Carbonifero superiore. 300 milioni di anni fa.
IRLANDA | INGHILTERRA
CANADAHV = ; ' Tropico
AL | FRANCIA At the Equator latitude, an ocean (Tetide — Tethys)
S -/ SARDEGNA—  poromi separated the Asia from the Southern lands
PAGNA . . . . .
' - (Africa, India, Australia). The Italian region was located
! quatore . . .
\& at the centre of this “supercontinent”, between Africa
terre T )
emerse W And Europe, just at the western end of the Tethys.
aree di A ICILIA della Tetide
mare basso %,
aree di ¢
mare profondo
Triassico. 250 milioni di anni fa.



~: Dipartimento di Matematica e Geoscienze Ge0|ogia Marina 2016/2017 @

150 M.A - Middle Mesozoic
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Starting from Triassic, the Atlantic ocean started to open, separating Africa from America. This process
induced the formation of a small ocean (Liguro-Piemontese). It separated Europe from Africa:

Sardinia and Calabria were on the Europen side, while Sicilia, and mainland Italy were part of the Africa
continent.

The Italian region was in part formed by a deep sea of the Liguro-Piemontese ocean and in part by a
shallow water areas coincident with the north Africa margin, whose border presented an indentation
called “Adria”. It still remains the deep substratum of the Italian peninsula and of the Adriatic basin.



3=

Dipartimento di Matematica e Geoscienze

P, OGS
Geologia Marina 2016/2017 &=

IRLANDA  INGHILTERRA
NORD-AMERICA | = = | | |/ PoLoNia

TERRANOVA \
FRANCIA
D Oceano .

SARDEGNA
N Atlantico s

SPAGNA

CALABRIA

N\ MAROCCO ,".. oi
M Lgure-P

<
' ——— ABRUZZ0

Cretaceo superiore. 80 milioni di anni fa.

NORD-AMERICA l INGHILTERRA

] \\ Mare del
’ 1 Nord
R | ""-ijecmmm
O(e.'a.no 4 FRANCIA , A lp
Atlantico > N p AP
¢ / NN,
\/ (‘spacna /™ "/ A
(B S
VAl CALABRIA ~
/& MAROCCO x :
¥ SIIIA X O/ W detlo Tetide
[ PUGLIA [
/ 4
€ a
direzione

di movimento
delle placche

Eocene. 50 milioni di anni fa,

« Golfo
o della
A £ TUNISIA - SIOUA o Tetide
o
p Pucua
¢
A 4\
terre 21 direzione
. emerse di movimento £ =
aree di delle placche Qualore
mare basso
) aree di /7 dorsali ,
mare profondo  /  oceaniche » subduzione

100 M.A. — Alpine orogenesis

At the end of Mesozoic (Cretaceous) the Ligure-Piemontese
Ocean started to close, due to the convergence between
Africa and Eurasia that produced the Alpine orogenesis.

The oceaninc crust, interposed between the continental blocks
was then subducted and swallowed up in the mantle

65 — 30 M.A. - Early Cenozoic

The closure of the Ligure-Piemontese ocean was
completed, and the African and European continental
blocks started to collide.

The Alpine chain originated from the convergent

~# " movements between the two colliding plates, and the

metamorphic and sedimentary blocks of the European
and Africa crust were piled up.

Adria and the other southern Italian region were still in
a quite marine environemnt, deep (Marche, Toscana) or
shallow (Abruzzo, Puglia and Sicily).
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Last 30 M.A — Apennine orogenesis
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Pliocene. 5 milioni di anni fa.

The collision between Africa and Europe has continued for the next 30 MA up to Present,
forming the complicated structural setting. Some deep crustal fractured formed (Balearic and Thyrrenian
basins) which guided the Apennines orogenesis. Apennines extends from Northern Italy to Sicily and

northern Africa (Tunisia, Marocco, Atlante mountains).

The Apennine formation occured in two main phases: the first related to the opening of the Balearic basin

and the second phase, from 10 MA, the opening of the Thyrrenian Sea.

6 MA: the closure of the Strait of Gibraltar led to the isolation of the Mediterranean and in a few tens of
years it remained isolated and came close to drying up; at the seafloor layers of chalk, limestones and salt

were deposited.
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Last 2 ML.A. - Glaciation

L 1 aree &
mere J mare bawo
catene aree & mare
p: roatusue profendo
4
Coyova
* ghiacciai
¢
A AL E
ALP)
‘\h‘ ~
\'(
>
)
Ultima glactasone, 15000 sani 13

Present

| |
= ) Y — b —=l)p direzione delle spinte
= v § catene recenti
;::_«_\\ 2 o I:l (alpino-himalayane)
'I}_?\\ L /) S/ g resti di antiche catene
e
- e i
ASNTY e = policte ercrice)
[ T | crosta oceanica
= = L e - L
T |r¥\.s* R N pleos T |:| pianure
BN \7\ =p \ S F \\\ =4 fasce a crosta
RSN =2 AL \ 7 == /
\\\ ) \\\\r 3 (\\\\ - L~ _§// S~ fratturata
AN 1| j I < Carp, zone di
Dbt | v - 4 ¥ Paz; \ e subduzione
/ &
/ v

Medit. UEBU( i0°

— A *-/Z, == ;

»

R,
D (e
LY

Le catene e i mari tra Europa e Africa, oggi.

/ 1 ‘ Talde
/_

Ir
y > U
7
\
—¢
- TN
SN,
\\ —~ P
T A 7
NG
L Mar =2
. L‘& Egeo 3 — —— -
ok 7
nio ) ‘(('\\ E iy
AN 5 B
A 5

In the past 2 MA and in particularly, the configuration of the Italian region has not changed significantly,
except for the uplifting of the Apennines and the filling of the marine deep around the chain with
sediments coming from the Alps and Apennines that formed the Po Plain and the the southern Adriatic
basin, which were both partly involved in the orogenesis. The South Adriatic was also influenced by the
Dinaric chain, caused by the subduction of the Adria below Europe, to to its eastern border.

Over the last 800.000 years, erosional activities included effect of glaciers transport. Great glaciers
were common during the coldest phases of the glaciations (see the U shaped Alpine valley)
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STRATIGRAPHY OF THE APULIAN PLATFORM AND ADRIATIC BASIN
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(Casero e Bigi, 2013)

(Scisciani & Calamita, 2009)
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NORTHERN ADRIATIC

Structural map of the Northern Adriatic Sea EAps  NDinaddes
region (modified from Castellarin et al.,
2006).
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MORPHOLOGY AND PRESENT STRUCTURAL SETTING — NORTHERN ADRIATIC
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SCHEMATIC STRATIGRAPHY from AMANDA well data
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Donda et al., 2014. Deep-sourced gas seepage and methane-derived carbonates in the Northern
Adriatic Sea. Basin Research (2014) 1-15, doi: 10.1111/bre.12087
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SEISMOSTRATIGRAPHY — NORTHERN ADRIATIC
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derived carbonates in the Northern Adriatic Sea. Basin Research
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GAS SEEPS IN THE NORTHERN ADRIATIC
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GAS SEEPS IN THE NORTHERN ADRIATIC
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CENTRAL ADRIATIC
Structural setting

3 main deformation phases:

extensional in the late Jurassic
contractional/transtensional in the late Cretaceous
compressional in the middle-late Pliocene and re-activation
of pre-existing tectonic features
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CENTRAL ADRIATIC - Tectonic style
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CENTRAL ADRIATIC
Mid-Adriatic Ridge

™wr
°

N - gveno
\~ o, > 10
» xm
b ot
'\__ e
\Q\ Srie o tat '?.gm
- . 5 4800 ~
o, SSe Sown o o {.-,,-w

Upper Cretacecus - Mocense
Inner thick-skinned thrust front 100 of Marrw & Fucond Fm

near op Sasement




UNIVERSIEA DG STUIM DRTRMSTE

Dipartimento di Matematica e Geoscienze

AJ_,. .

Geologia Marina 2015/2016

ENEo

Intervals
[ ]
Quatermnary Pliocens Oligocene-
Koy Reflectors
@Iop Lower Plesstocene @Tap Phiccene C Messinan
@mmm ®mtopmm©mhp£m
(voicanoclastic level) (Scaglia Cinerea Fm )

reflectors and uncerformities  (©)incision
within Pliocene and Quatemary

(Marne a Fucod Fm.) (Top Burano Fm.)
micde Jurassic @m Tnassic
(Rosso Ammaonitico Fm )

Top Lower Liassic ®n~ Top Basement
(Top Calcare Massiccio Fm.)  (Pak ¢

CENTRAL ADRIATIC

Mid-Adriatic Ridge

2
4

i

"
oy
»

‘ ;aauduhudm




&

UNIVERSIEA DHGLESTUDE DO TRMSTE

Dipartimento di Matematica e Geoscienze

Geologia Marina 2016/2017

CENTRAL ADRIATIC

Mid-Adriatic Ridge
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CENTRAL ADRIATIC
Tremiti Ridge

Eanthquakes focal mechanisms Earthquakes M>=25
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SOUTHERN ADRIATIC

Bathymetry Structural sketch
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SOUTHERN ADRIATIC
Stratigraphy
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The lonian zone, (B) It occupies the Southern Adriatic Sea area. Going further north

it joins the Umbria-Marche Apennines, whereas to the west it outcrops in the eastern sector of the Gargano. It
features neritic sediments up to the Early Jurassic (Early-Middle Lias), becoming pelagic up to the Middle-Late Eocene
and finally terrigeneous (flysch) up to the Early Miocene.

The Dalmatian zone, (C) outcrops along the Montenegro coastline, with neritic facies from the Triassic to the
Middle Eocene and becoming flyshoidal from the Oligocene to the Early Miocene (Aquitanian).
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Structural setting
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SOUTHERN ADRIATIC
Gondola fault system
Seafloor evidence and shallow deformation
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SEISMICITY OF THE ADRIATIC REGION

Earthquakes focal mechanisms
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SEISMICITY OF THE ADRIATIC REGION
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DISS INGV — Italian seismicity catalogue
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LOCATION OF THE MAIN HYDROCARBON FIELDS AND STRUCTURAL SETTING
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Cazzini et al., Journal of Petroleum Geology, Vol. 38(3), July 2015, pp 255-279
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CARTE DEGLI IMPIANTI ATTIVI IN MARE - SITUAZIONE AL 31 DICEMBRE 2014
Pataforme. Centrak di raccolta, CONSOMmE ¢ CONCESSON & Cotvazone Nel Mare ASNATCO Seentnonale ¢ centrale:
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STRUCTURAL SKETCH OF MEDITERRANEAN AREA
(from Middle Eocene)
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PLIO-QUATERNARY EVOLUTION OF THE MEDITERRANEAN REGION
Upper Miocene (8 Ma)

Pliocene (4Ma) Lower Pleistocene (1,5 Ma)
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Fig 2 - Pllio-Quaternary evolution of the central Meditervanean region. 1) Africa and Adnatic continental domains; 2) lonian oceanic domain:
3) Thinned continental sector of the Southern Adriatic plate; 4) Mid-Adriatic and Apulian swells; $) Pre-Late Miccene orogenic belts: 6) Pl
Quaternary accretionary belts: 7) Zones affeced by moderate (a) and intense (5) crustal thinring: 8) Corsica-Sardinia mh'rnrl.m' 9) Com-
pressional features: outer front of the crogenic belts (a), internal thrusts (b), antikline aves (c); 10) Main fault systems: normal (@), transcar
rent (k). Plate motions (arrows) are based on DERCOURT ef ofii (1986) and MANTOVANE (2005). Motion rates are only indicative. Present
cosstlines and the palcoposition of Africa (thick line) are reported for reference in each evolutionary phase, A) Upper Miccene. NTB « North
Tyrrhenian basin, SATZ = Southern Adriatic thinned zone. B) Pliocene. Ga, M, S = Gargano, Marge and Salento sectors of the Apulian swell
IA = Iblcan-Adventure block, ME, SC, VH « Medina, Sicily Channel and Victor Hensen tectonic belt, Mt « Mattinata fault, MV = Magnaghi
Vavilow basin, SV « Schio-Vicenza fault system. C) Lower Pleistocene, CA « Calabrian Arc, M « Marsili basin, MAS « Middle Adriatic swell
NS = North Salento fault zone, SA = Southern Apennines, SS = South Salento fault zose. D) Upper Pleistocene, See text for explanations
Evoluzione Plio-Quaternaria della regione mediterranca centrale. 1) Dominio comtinentale Africano ¢ Adriatico: 2) Domrinio ocearico iomico
3) Fascia leypermerse axsottiphata dellavampaese adriatico; 4) Alli strutiurali: Apwlico ¢ Medio Adniatico; 5) Catene orogeniche pre-Tardo Miocene
6) Caterie accrezsonarie Plio-Quarernarie: 7) Zowe moderatamenie (a) € intensamente (b) assortighate; 81 Microplaccs Corsica-Sardegna; 9) Carar-
tertstiche compressive: fromte estermo delle catene (a), sovvascorrimenti interni (b) ¢ assi di anticlinali (¢): 10) Princ ipali faglie: mormali (a) ¢ tra-
scorrenti (b), 1 movimenti delle placche (frecce) sono presi da MANTOvANT (2005). Le velocita sono solo indicative, In ogni fase sono nportari
per riferimento @ contorni attueli e le paleoposizioni dell'Africa (tratio spesso). A) Miocene superiore: NTB « Bacino tirrenico settentrionale
SATZ « fascia begmermente assottighiata defla placea adriarica. B) Pliocese: Ga, M, S » settori Gargano, Murge ¢ Salerito dell'elto strutturale Apealico
IA » Bocco Ier-Vensura, ME, SC, VH = Fasce testoniche di Medina, Canale di Sicilia e Victor Hevisen. Mt « faghia di Marrimaza, MV = bacino
Magnaghi Vavilow, SV « faglia Schio-Vicenza. C) Pleistocene inferiore: CA « Arco Calabro, M « Bacino Marsili, MAS = Ako stnaturale Medio Adria-
tico, NS = faglia del Nord Salento, SA = Appermino meridionale, SS = faglia del Sud Salento. D) Pleistocenc superiove. Vedi testo per spiegazion

(VITIET AL., 2006)



MAIN STRUCTURAL TECTONIC FEATURES OF THE PERI-ADRIATIC AREAS

Northern

Fig. 4 - Main structural and secionic features in the Central-Nocthern Apenmines and the nocthern peri-Adriatic somes. 1) Ligarian and
Southern Algs: 2) Foredeep basing; 3, 4) Avial and outer bels of the Northern Apennines; 3) Latiam-Abruzei and Southern Apennines carbo
nase platforms; 6) Outer belk of the Southern Apesnines: 7) Dinarides carbonate platforms: ) Adratic foreland: 9) Calabrian Are; 10) Com-
pressional features: & = outer front of the Alpn and Apennines; be » active and inactive thrusts. d « fold axes: 11) Transoarrent and extensio-
nad features: a, b « active and presumably active strike-slip faulix; ¢ « normal faalts, Main compressiosal features. CA « central Adriatic folds
Co « San ColombanoCremona: CR « Coastal Ridge: Fa « FPaenza; Fe « Perrara; IR « Internal Ridge: OAMS « Olevano-Antrodoco-Monts Si-
billini kneament; Pa « Parma; Pd « Pedeapennine; Pe « Periadriatic; Po « Pono S Glorgio, Re « Reggio Emillac Ro « Romagea: Re-PeAn «
Rimini-Pesaro-Ancona; $t « Stradella-Fiorenzoola d'Ardac Vo « Voghera-Pavia. Main strike-alip festures: EN » Enva: FS « Fella-Sava; 1D «
Idrjia: RJ « Rijeka; SV « Schio-Vicenza: VV « Villalvernia-Varzi. Main extensional/transtensional basins: Aq « Aquita; Ca « Casemting; Ch «

Chiana; Cf « Colhomo Fi « Firenze-Pistola; Fo « Foligno- ; Fu « Fucing; Ga « Garfagnana; Gu « Gubbio; Le = Leonessa: Lu = Luni
gana; Mg » Magra: Ma « Murlﬂ( « Norcia; Ri « Rieti; Sg « Uppﬂ Sangro; Su » Sulmona; Ti » Tiber; Tn » Terni; Via = Viakdarmo: Li » Li
faran Apmnlnﬂ Ml « Malella: T1 « T.an river; Tw-Em « Tuscamy-Emillia Apennines: Ume-Ma « Umbria-Marche Apennines. Details

on tectonic features in lk ‘umlhrm A.pennm are given in Figs 1 and 3. See text luv explanations.

- M‘::z\n': ot L 2omee periddristiche settentriomali, 1) Al Kgurd ¢ me
ridic 21 Avanfosse; ( 4) Parti aumh od esterme diﬂmnm» uumm--udr ( f e Y M.wﬁ'nw carbomanca del Appesmino comtrale ¢
meridionsle; 6) Parte esternsa dell Appenivine meridionsle, 7) Ureisé di p delle Dy &) Avamp adriarico; 9) Arco Cala:

beo: 10) Servtture compressive: @ = fronte externo delle Alpd oddhlmmmvu h: « raccorcieasenti attng of inettivi, d » anaf ¥ piephe; 11) Faglie
trascormeni ¢ mm‘a ab = faghe "-uunwm alifive ¢ pvuhhl-amk wnive; ¢ = faghe normaly. Principall strwttvre compessive: CA « piegiv
w Co » Sam Cok Rxderuumu. Fa » Fum.a Fe « Fervara; IR « Ridge istermo; OAMS « Nmeamenio
Ohevano-Antrodoco-Momsti Sibsliini: Pa = hmn' M- Pe o o Po « Povto 8 Giorgio, Re = Reggio Emilia; Ro » Rowa.
e BnPeAn « Rimini Pesaro-Ancona; St » Soradella. Mo«uumh dArda: Vo « lodaml Pavia. Principall crutrere trascomenti; BN « Ernoa; FS «
Fella-Sava; 1D » Idrida; RS » Rij SV » Sciio-Vicenza: VV » Villsdvermia-Varzi. Principali bacini esteresiomaliiranessensionali. Ay = Aguila: Ca «
Casentive; Ch » (‘kuu-. = (nbwv'o, Fi « Firenze-Pissoda; Fo « h:l’vpm to: Fie « Fucino; Ga » Gerfagnane; Gu » Guibvier Le » Loowsessa,
Lus = Lurviglama; Mg = Magra; Mu = Musgello; No = Norcia; Ri = Rieti; Sg = Alro Sangro; Su « Submans; 7i = anw Tu « Terni: Va « Valdarmo, CA (VITI ET AL 2006)
» pieghe Centro tiche, Li = ‘lppnmmu lﬂun MY = Maieils, TT » Tapl Tu-Ewe » Apy mer T : Ue-Ma = Agpenimino *’
Umbwo-Marchig Dettaph culle hae tersomiche well Apy dionale somo rige melle figr. 1 ¢ 3 Vadi sexto per spicpations,
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