Orogenic architecture of the Mediterranean region
and kinematic reconstruction of its tectonic evolution since the Triassic
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Summary
In this paper we provide a kinematic restoration of Mediterranean tectonic evolution
from the Present back to 240 million years ago. To this end, we review the architecture
of the Mediterranean orogens from the Atlantic coast in the west to the Caucasus and
the East Anatolian plateau in the east. We provide a comprehensive review of the archi- st L sy TR .
tecture of Mediterranean orogens and basins and built a reconstruction based on At-
lantic and Red Sea Ocean floor reconstructions and structural geological constraints o
Mediterranean deformation. This reconstruction is tested against a paleomagnetic da-
tabase of ~2300 published paleomagnetic sites from the Mediterranean region. W
provide 12 (paleo-)tectonic maps of the region and isolate first-order differences be-
tween our reconstruction and previous propositions. All reconstruction files and paleo-
magnetic files, as well as A1 versions of the (paleo)tectonic maps and a movie of the re-
construction are provided as Supplementary Information to this paper. ? , | b
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Key

AAB = Agacbren-Avanos Block
A3 = Adriatic Basin
Abo
Aeg = Aeg®ag
Aeg@maest Anatolia
pulian Escarpmegt

Afr = Africa
Afy = Afyon Zone (metamorphic
Bolkardagi Zone)

Ag = Algeria
AGF.
agm = Agvanis Massif
AgO = Ano Garefi Ophiolite
Al=Al Jawf

Ana = Anaximander Sgamount
AnM = Ankara Mélangie
ntalya
Antalya Napples
APo = Africo-PolsifNappe
Apenninicflatform Nappe
Apulian Pfatform
Aquitanjn Basins
Arabia
rabia
AVF = Arax Fhult
at = Acharg/Trialet region
AxZ = Axigl Zone
AYB = Akfiag-Yozgat Blgtk
BaF = Bfllaton Fault
Bal = Bhlkanide Napfes
BBA ={Bay of Biscay/ Axis
BBO /- Baer Bassj¢Ophiolite

Bolkardagi Nappe
Bozkir Nappe

Bud = Budva-Cuka™
Gan = Gankin Basin
CAP = Calabrian Accretionary P
Cau-E = CaucasusEast

cbs = Cycladic Blueschist Unit
CCC = Crnook-Osogovo-Lisets core
complex

CDo = Central Dobrogea

CeF = Cerna Fault

Ophiolites

ChO = Chenaillet Ophiolite

Cil = Cilicia Basin

Gi0 = Gicekdagi Ophiolite
Cl=Calabria slab

Cod = Codru Nappes

COF = Capidava-Ovidiu Fault
cor=Corsica

Cp-N = Carpathians-North

Cp-5 = Carpathians-South

CRh = Circum-Rhodope

€S = Cilicia Suture

CSa = Chaines Sub-Alpines

€SB = Corsica-Sardinia Block

CSe = Ceahlau-Severin Units

CTIB = Central Tauride Intramontane
Basins

cy=Cyprus

Cy =Cyprus

Dal = Dalmatian Nappe

Dan = Danubian Nappes

Dil = Dilek Nappe

DiO = Divrigi Ophiolite

Div = Drina-lvanjica Nappe

DoC = Dorsale Calcaire

DoO = Dogansehir meta-Ophiolite
DTF = Deliler-Tecer Fault

EAFZ = East Anatolian Fault Zone
EBD = East Bosnian Durmitor Nappe
Ebr = Ebro Basin

EBS = Eastern Black Sea Basin

EcF = Ecemis Fault

EFd = External Foredeep (Northern
Apennines)

ST
Ela = ElR2iggagmatic suite
EIO = Eldivan Ophiglite
EMa = External MassT
EmB = Emile Baudot Transfon
Emp = Emporios

EmT = Easternmost Taurides
EoA = Eo-Alpine high-pressure units
EPo = Eastern Pontides

Eur = Eurasia

EVO = East Vardar Ophiolites
Engadine Window

= External Betics

\zores-Gibraltar Fracture Zbne

CEO = Cretaceous Eastern Mediterranean

Eg = Egypt (Mediterranean part of Arabia

ExR = External Rif
Gb-B = Gibraltar-Betic
Gb-W = Gibraltar-West
GCA = Greater Caucasus

Get = Getic Nappes
Gey = Geyikdag Nappe
Gho = Ghomaride Nappe
Gif = Giudicarie Fault
GO = Guevgueli Ophiolite
GoC = Gulf of Corinth Graben
GOF = Goksun Fault
G0 = Goksun Ophiolite

ulf of Valencia Basin

Hak = Hakkari Basiny Mappe
HaO = Hatay Qpfflolite
Gna Basin

biza

ranian Cimmerides
Icu = Inner Carbonate Unit (Sicily)

IL = Insubric Line

IMF = Intra-Moesian Fault

10B = lonian Basin

Ion = lonian Nappe

IPS = Intra-Pontide Suture

IPSZ = Iranian Paleotethys Suture Zone
150 = Ispendere Ophiolite:

Ist = Istanbul Zone

IvD = Ivriz Detachment

Ivr=vrea Zone

JAO = Jurassic Anatolian Ophiolites
JKo = Jadar-Kopaonik Nappe
Jur = Jura fold-thrust belt

Kah = Kahramanmaras Basin

KAP = Kiire Accretionary Prism

Kar = Karakaya Complex
Kb = Kabylides

Keb = Keban Metamorphics

KhO = Khost Ophiolite
Kir = Kirsehir Block

S = Kagizman-Khoy suture
Ko = Kogali Ophiolite

K0 = Kémiirhan Ophiolite
Kor = Korab Nappe

KTB = Kagizman-Tuzluca Basin
KTBIS = King’s Trough - Bay of Biscay -

LAp=
Ic = Lesser Caucadw
LeB = Levant Basin
Lig = Ligurides
LKU = Lower Kabylides Unit
LNa = Lycian Nappes
LNe =Lago Negro Nappe
LPe = Lower Pelagonian Zone
LSi = Ligurian-Sicilide Units
LyO = Lycian Ophiolites
Ma lacin Nappe
Mad = Maden arc/basin
Mag = Magura Flysch
Mal = Malatya Metamorphics
mal = Mallorca
Mam = Mammonia Complex
MAR = Mid-Adriatic Ridge
MAR = Mid-Adriatic Ridge
MBSH = Mid-Black Sea High
MCL = Mid-Cycladic Lineament
MC Main Caucasus Thrust
me = Medvenica mountains
Me = Mesopotamia
Mec = Mecsek Nappes
Mel = Meliaticum ophiolites
Men = Menderes Nappes.
MeO = Mersin Ophiolite
MeR = Mediterranean Ridge
MEs = Malta Escarpment
Mes = Meseta
MH = Mus-Hinis Basin
MHSZ = Mid-Hungarian Shear fone
MiM = Misis Mélange
MiO = Mirdita Ophiolite
Mig = Malaguide Nappe
Mo Moesian Platform
MOF = Malatya-Ovacik Faul
Mol = Molise Basin Nappe
MSz = Maritsa Shear Zone|
mu = Munzur mountains
Mun =Munzur Zone
MyO = Meydan Ophiolitf
NA = North Apennines
nAd = Northern Adria
NAf = North African Trahsform
NAFZ = North Anatolign Fault Zone

At North America
NBTZ = Norh Balearef Transform Zone
NeF = Nevado-Flabrede Unit
NeT = Nestos Thrust
Nic = Niculitel Napp

NPF = North Pyrenean Fault
NPFZ = North Pollino Fault Zone
NPZ = North Pyrenean Zone
NSu = Nappes Supérieures

OAS = Olevano-Antrodoco-Sibillini Thrust

OCa = Outer Carpathians

Ocu = Outer Carbonate Unit (Sicily)
OOW = Olympos-Ossa Window

Gre = Gren Unit (metamorphic Bolkard,

Peceneaga-Camena Fault
PDo = Pre-Dobrogea
PeF = Periadriatic Fault
Pie = Piedmont Basin
Pin = Pindos Nappe

Po = Pontides
Por = Porcupine Microplate

Pyrenean Peridotites
pq = Phyllite-Quartzite Unit
Pre-Apulian Nappe

Piturge Massif
PW = Pelion Window

Supragetic Nappes
Sredna-Gora Unit
irte Basin
ivas Basin
Slc = Schistes Lustrés Corsica
SPe = Scutari-Pec Fault
Subpenninic Units
SPZ = South Pyrenean Zone
S5 = Sava Suture
SSB = Strait of Sicily Basin
StD = Strimon Detachment
Sti truma Unit
estri-Voltaggio Line

Tav =Tavsanh Napp

TCa =Transcaucasus Zone
TDS = Tisza-Dacia Suture
Tel = Tell Belt
Ten =Tenda unit and Lower External
Continental Units

TiF =Timok Fault

TrF =Trotus Fault

Tri = Tripolitza Nappe

Tro = Trojan Flysch

TrO = Troodos Ophiolite

Try =Trypa Group

Tsm =Temsamane Unit

Tsv = Transylvanian Basin

TTL = Tornquist-Tesseyre Line

TuF = Tuzgolii Fault

Tul =Tulcea Nappe

Tus = Tuscan Nappes

Tuz = Tuzgéli Basin

TW =Tauern Window

Tyr =Tyrrhenian Basin

UEF = Uludag-Eskisehir Fault

UKU = Upper Kabylides Unit

Ulu = Ulukisla Basin

Uma = Umbria-Marche Nappe
UPe = Upper Pelagonian Nappe
UWA = Upper West Alpine Nappe
VMO = Val Marecchia Ophiolite
WBS = Western Black Sea Basin
WBT = West Black Sea Transform
WVO = West Vardar Ophiolites
Za=Zagros

Zag = Zagros fold-thrust belt

25 = Zagros Suture

Active major fault
Inactive major fault
Strike-slip fault

Normal fault

Thrust fault
Trench
Suture

Transform fault
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Extensional detachment fault

Lower Austro-Alpine units
North Dobrogea Orogen

Moesian Platform

Danubian-Struma margin of
Moesian platform

Ceahlau-Severin Ocean
Rhodope Middle Unit/Nestos Suture

Other Rhodopian Units

Dacia megaunit:
Getic-Sredna Gora

Dacia megaunit:
Supragetic-Serbomacedonian

Dacia megaunit:
Circum-Rhodope-Strandja

Sava Ocean (Jurassic-Cretaceous
suprasubduction zone spreading)

East Vardar Ophiolites

Tisza megaunit

Paleotethys (until ~180 Ma);
Paleotethys-derived units (after ~180 Ma)

Greater Caucasus Basin
Pontides

South Armenian Block

Jurassic Anatolian Ophiolites
and Intra-Pontide Suture

Neotethys Ocean

West Vardar Ophiolites
Greater Adria:
Jadar Kopaonik

Greater Adria: Drina-lvanjica-
Upper Pelagonian - Tavsanli - Kirsehir

Greater Adria: East Bosnian-Dormitur-Lower
I ian-0 st Taurides

Afy
y T

Greater Adria: High Karst -
Parnassos - Aladag

Greater Adria: Budva - Pindos - Dilek

Greater Adria: Southern Alps - Northern Adria -|

Dalmatia - Tripolitza - Beydaglari - Geyikdagi

Greater Adria: Umbria-Marche - lonian -
Antalya - Alanya - Malatya - Binboga

Greater Adria: Apulian Platform

Greater Adria: Lagonegro - Molise

Greater Adria: Apenninic - Lazio -
Abruzzo Platform

Greater Adria: Tuscan margin units

Cretaceous Eastern Mediterranean Ophiolites

Misis Supra-sudbuction zone Ocean

Eastern Mediterranean Ocean

Variscan Iberia

Iberian margin and
intraplate Mesozoic basins

Alboran-Kabylides units

North America

Africa

African passive margin units

Arabia

Arabian passive margin units

Iranian Cimmeridees

Key

[AAB = Agacorén-Avanos Block
[ABa = Adriatif Basin

[Aeg-WA =/Aegean-west Anatolia
[AEs = Apfilian Escarpment
Afr = Affica

[Afy = Afyon Zone (metamorphic
Bolkagdlagi Zone)

Ag =Algeria

agy7 = Agvanis Massif
[AgO = Ano Garefi Ophiolite
Al= Al Jawf

la = Aladag Nappe
fAIB = Algerian Basin
Alp = Alps
[Alp = Alpuarride Nappe
Aly = Alanya Nappes
[AmM = Armorican Margin
[AmO = Amasia Ophiolite
[Ana = Anaximander Seamount
[AnM = Ankara Mélange
Ant = Antalya
[Att<Antalya Nappes
[APo = RitieqPolsi Nappe
[App = Apennints Blatform Nappe
[Apu = Apulian Platform
[Aqu = Aquitanian Basins
Ar = Arabia
Ara = Arabia
ArF = Arax Fault
at = Achara-Trialet regiogr
[AxZ = Axial Zone
[AYB = AkdagYorGat Block
BeF=Tallaton Fault
Bal = Balkanide Nappes
BBA = Bay of Biscay Axis
BBO = Baer Bassit Ophioli
BBP = Beni Boussera Perfdotite

BBvF="Bugdan Dragos Voda Fault
Bey = Beydaglan Platform
Bfl = Bornova Flysch

HO = Beysehir-Hoyran Ophiolite
i = Bitlis

Bih = Bihor Nappes

Bin = Binboga Metamorphics

Bis = Bay of Biscay Basin

Bit = Bitlis Massif

Bls = Baleares Block

Bol = Bolkardagi Nappe

Boz = Bozkir Nappe

Bri = Brianconnais Nappe

BS = Bitlis Suture

bbu = Basal Unit

bii = Biikk mountains

Bud = Budva-Cukali Nappe

Can = Cankin Basin

(CAP = Calabrian Accretionary Prism
Cau-E = Caucasus-East

cbs = Cycladic Blueschist Unit
CCC = Crook-Osogovo-Lisets core
complex

CDo = Central Dobrogea

erna Fault

Bl
Bi

Ophiolites
(ChO = Chenaillet Ophiolite
il = Cilicia Basin

Q= Gicekdagi Ophiolite
C1 =Xglabria slab

Qxd = Oxdru Nappes

| CONCapidava-Ovidiu Fault
cor = Ong3res\

Cp-N = CxgathRpslorth

Cp-S = Carpatgiandeo

[CRh = Circum-Rhqdopt

Cs = Cilicia Suture

CSa = Chaines Sub-Alpwes

CSB = Corsica-Sardinia BIox

CSe = Ceahlau-Severin Units
CTIB = Central Tauride Intramontan
Basins

cy = Cyprus

AGFZ = Azores-Gibraltar Fracture Zone

retaceous Eastern Mediterranean

Cy = Cyprus
Dal = Dalmatian Nappe
Dan = Danubian Nappes

DIO = Divrigi Ophiolite
Div = Drina-lvanjica Nappe
DoC = Dorsale Calcaire
Do = Dogansehir meta
DTF = Deliler-Tecer Fau
EAF.

Eo-Alpine high-pressure units
Eastern Pontides

0 = East Vardar Ophiolites
ngadine Window

ExR = External Rif
Gb-B = Gibraltar-Betic

Gb-W = Gibraltar-West

GCA = Greater Caucasus

GCB = Greater Caucasus Basin
dL = Gulf of Lion Basin

Gho = Ghomaride Napge
GiF = Giudicarie Fault
GO = Guevgueli Ophiolite
GoC = Gulf of Corinth Graben
GOF = Goksun Fault

G60 = Goksun Ophiolite
GoV = Gulf of Valencia Basin
GuO = Guleman Ophiolite
GiiO = Giire Ophiolite

GvO = Guvan Ophiolite

Hak = Hakkari Basin Nappe
HaO = Hatay Ophiolite

Hay = Haymana Basin

HbO = Halilbagi Ophiolite

He = Herodotus

HeB = Herodotus Basin

Hel = Helvetic Nappes

HKa = High Karst Nappe

HyP = Hyblean Plateau

IAESZ = Izmir-Ankara-Erzincan Suture|

ICi = Iranian Cimmerides
Icu = Inner Carbonate Unit (Sicily)
IL = Insubric Line
IMF = Intra-Moesian Fault
10B = lonian Basin

Ion = lonian Nappe

IPS = Intra-Pontide Suture

IPSZ = Iranian Paleotethys Sutyffe Zone

150 = Ispendere Ophiolite
Ist = Istanbul Zone
IvD = Ivriz Detachment
Ivr=Ivrea Zone
JAO = Jurassic Anatolian Ophiolites
JKo = Jadar-Kopaonik Napgle
Jur = Jura fold-thrust belt
Kah = Kahramanmaras Bafin
KAP = Kiire Accretionary frism
Kar = Karakaya Complex
Kb = Kabylides
Keb = Keban Metamorpfics
KFB = Kura Fold Belt
Kefallonia Fault Fone
Khost Ophiolite]

rseRmBlack

Kirsehir-Kin block
KKS = Kagizman-Khojy sutire
KoO = Kogali Ophioljte

K0 = Kémiirhan Ophiolite,
Kor = Korab Nappe
Kra = Krasta-Cukali Nappg/

pes
LNe = Lago Negfo Nappe

= Mesopotamia
= Mecsek Nappes
el = Meliaticum ophiolites
Jen = Menderes Nappes
VIO = Mersin Ophiolite
MeR = Mediterranean Ridge
MEs = Malta Escarpment
Mes = Meseta
MH1 = Mus-Hinis Basin
MHSZ = Mid-Hungarian Shear Zone
MiM = Misis Mélange
MiO = Mirdita Ophiolite
Mig = Malaguide Nappe

MSz = Maritsa Shear Zone
mu = Munzur mountains
Mun = Munzur Zone
MyO = Meydan Ophiolite
NA = North Apennines
nAd = Northern Adria
NAf = North African Transform

NAFZ = North Anatolian Fault Zone
NAM= North America

NBTZ = North Baleares Transform Zone
NeF = Nevado-Filabride Unit

NeT = Nestos Thrust

Nic = Niculitel Nappe

NPF = North Pyrenean Fault

NPFZ = North Pollino Fault Zone

NPZ = North Pyrenean Zone

NSu = Nappes Supérieures

OAS = Olevano-Antrodoco-Sibillini Thrust

0OCa = Outer Carpathians
Ocu = Outer Carbonate Unit (Sicily)
OOW = Olympos-Ossa Window

Gre = Oren Unit (metamorphic Bolkardag

Zone)
Org = Organya Basin

pa = Paros

PaP = Pangaion-Pirin Unit

Par = Paranassos Nappe

Par = Parentis Basin

PCF = Peceneaga-Camena Fault
PDo = Pre-Dobrogea

PeF = Periadriatic Fault

Pie = Piedmont Basin

Pin = Pindos Nappe

P10 = Pinarbasi Ophiolite

PKa = Pre-Karst Nappe

PKO = Pozanti-Karsanti Ophiolite
Pla = Plattenkalk-Tripali Unit
(metamorphosed lonian Zone)
Po = Pontides

Por = Porcupine Microplate

PPe = Pyrenean Peridotites

pq = Phyllite-Quartzite Unit

Eim|p;

Pre-Apulian Nappe

PST = Pliny and Strabe
Pt = Piiturge Massif
PW = Pelion Window
RdF = Rhenodanubian Flysch
Re = Raggane
ReO = Refahiye Ophiolite
RhL= Rhodope Lower Unit
RhM = Rhodope Middle Unit
RhU = Rhodope Upper Unit
RLF = Racha-Lechkhumy Fault
RoP = Ronda Peridotite
RUm = Rhodope Uppermost Unit
RW = Rechnitz Window
SAB = South Armenian Block
Sak = Sakarya Zone
Sal = Southern Alps
SAM = Sevan-Akera Mélange
5a0 = Sarikaraman Ophiolite
SAP = Stilo-Aspromonte-Peloritan Block
sar = Sardinia
SAS = Sevan-Akera Suture
SBi = Southern Biscay Microplate
SCS = South Caspian Sea Basin
Scy = Scythian Platform
SD = Simplon Detachment
SDo = South Dobrogea
SeM = Serbo-Macedonian units
Ses = Sesia Fragment
Sge = Supragetic Nappes
SGo = Sredna-Gora Unit
SiB = Sirte Basin
Siv = Sivas Basin
Slc = Schistes Lustrés Corsica
SPe = Scutari-Pec Fault
Spe = Subpenninic Units
SPZ = South Pyrenean Zone
$5=Sava Suture
SSB = Strait of Sicily Basin
StD = Strimon Detachment
Str = Struma Unit
sl = Sestri-Voltaggio Line
ta=Talysz
af = Tauric Flysch
Tav =Tavsanh Nappe
TCa =Transcaucasus Zone
TDS = Tisza-Dacia Suture
Tel =Tell Belt
am=Tenda unit and Lower External
Continental'
TiF =Timok Fault
TrF =Trotus Fault
ripolitza Nappe
Trojan Flysch
TrO = Troodos Ophiolite
Try =Trypa Group
Tsm = Temsamane Unit
Tsv =Transylvanian Basin
TTL = Tornquist-Tesseyre Line
TuF = Tuzgslii Fault
Tul =Tulcea Nappe
Tus =Tuscan Nappes
Tuz =Tuzgolii Basin
TW = Tauern Window
Tyr =Tyrrhenian Basin
UEF = Uludag-Eskisehir Fault
UKU = Upper Kabylides Unit
Ulu = Ulukisla Basin
Uma = Umbria-Marche Nappe
UPe = Upper Pelagonian Nappe
UWA = Upper West Alpine Nappe
VMO =Val Marecchia Ophiolite
WBS = Western Black Sea Basin

Metamorphosed unit

Active major fault

Inactive major fault
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Strike-slip fault

Normal fault

WBT = West Black Sea Transform e
\Z'\gvi Za;{gsst Vardar Ophiolites Extensional detachment fault
gzgi 73;?;?552?\:{:hm5t belt ’,/ Thrust fault —
/ Trench
Suture

Transform fault

Spreading ridge

/11T

Lower Austro-Alpine units

North Dobrogea Orogen

Moesian Platform

Danubian-Struma margin of
Moesian platform

Ceahlau-Severin Ocean

Rhodope Middle Unit/Nestos Suture

Other Rhodopian Units

Dacia megaunit:
Getic-Sredna Gora

Dacia megaunit:
Supragetic-Serbomacedonian

Dacia megaunit:
Circum-Rhodope-Strandja

Sava Ocean (Jurassic-Cretaceous
suprasubduction zone spreading)

East Vardar Ophiolites

Tisza megaunit

Paleotethys (until ~180 Ma);
Paleotethys-derived units (after ~180 Ma)

Greater Caucasus Basin

Pontides

South Armenian Block

Jurassic Anatolian Ophiolites
and Intra-Pontide Suture

Neotethys Ocean

West Vardar Ophiolites

Greater Adri;
Jadar Kopaonik

Greater Adria: Drina-lvanjica-
Upper Pelagonian - Tavsanli - Kirsehir

Greater Adria: East Bosnian-Dormitur-Lower
Pelagonian-Oren-Afyon-Easternmost Taurides

Greater Adria: High Karst -
Parnassos - Aladag

Greater Adria: Budva - Pindos - Dilek

Greater Adria: Southern Alps - Northern Adria -
Dalmatia - Tripolitza - Beydaglar - Geyikdagi

Greater Adria: Umbria-Marche - lonian -
Antalya - Alanya - Malatya - Binboga

Greater Adri;

Apulian Platform

Greater Adri

: Lagonegro - Molise

Greater Adria: Apenninic - Lazio -
Abruzzo Platform

Greater Adri;

Tuscan margin units

Cretaceous Eastern Mediterranean Ophiolites

Misis Supra-sudbuction zone Ocean

Eastern Mediterranean Ocean

Variscan Iberia

Iberian margin and
intraplate Mesozoic basins

Alboran-Kabylides units

North America

Africa

African passive margin units

Arabia

Arabian passive margin units

Iranian Cimmeridees




