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Figure 2. The Alpine-Himalayan orogen stretches from Spain to New

Zealand (after Lister et al., 2001).
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V Evropé muzeme rozlisit tri hlavni pasy alpid.

1) Pasmo dinaridy-helenidy-tauridy se vyznacuje pocatkem orogeneze jiz
V jufe a orogeneze zde v externich c¢astech probiha jest¢ dnes

2) Alpsko-karpatské pasmo se zacatkem orogeneze v kiid¢ a jejim
pokracovani v paleogenu a neogenu.

3) Mladé pasmo Apeniny-Atlas (giblaltarsky oblouk)-Betidy-Baleary
S orogenezi v paleogenu a neogenu

Krom¢ toho se k hlavnim pasmum daji pripojit jesté dvé pasma. Na Karpaty se da
navazat balkansky oblouk a na Alpy SV Korsika. Zcela samostatny je
pyrenejsky bivergentni orogen.

Alpinska orogeneze se neprojevovala jenom na okraji desek ale s mensi
intenzitou i na predpoli. Jako pfiklad mlze slouzit pohofi Jura, vokontsky a
provensalsky retéz a ibersky a katalansky retéz na pyrenejském poloostrové.
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SeapOay VAUELIL

tvafi vyrazny horsky oblouk mezi pobfezim Janovského zilivu
20u. V podlozi Videfiské panve navazuje na karpatobalkdnsky

ekonstrukce
(Hsii, 1977).
bloky: 1 —
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Generelné evropské alpidy vynikaly
kolizi afrického a severoevropského
kontinentu. Jejich vznik byl vSak podstatné
slozitéj$i nez jednoducha predstava kolize
2 kontinentt. Ve sttedozemni oblasti
muzeme vycClenit minimalné 6 desek jejichz
slozitymi pohyby a kolizemi dochazelo k
vrasnéni jednotlivych alpinskych pohoii. Od
zapadu k vychodu to jsou blok ibersky,
alboransky, kabylsky, Korsicko-
sardinsky, adriaticky, rodopsky a
anatolsky.




Mezi Afrikou a kabylskym blokem

se nachazela atlaska mobilni zona,
mezi alboranskym a iberskym blokem
Beticka mobilni zona, mezi iberskym
blokem a evropskou platformou iberska
mobilni zo6na, mezi blokem korsicko-sar-
dinskym adriatickou deskou ligurska
mobilni z6na a mezi adriatickou deskou

A evropskou platformou peninska

mobilni z6na.




Paleogeografie
(Vznik a zanik mobilnich zon)




Vznik alpinskych pohori v Evropé tuzce souvisel s e vznikem Atlantského
oceanu. Rozevirani Atlantiku v centralni ¢asti vedlo k sinistralnim
strike-slipovym pohybum a oddélovani Afriky od Evropy (extenzni etapa — jura
az spodni krida). Rozevirani v jizni ¢asti Atlantiku potom k Sikmé konvergenci
mezi Afrikou a Evropou (svrchni krida-kenozoikum).




1)  V prvni etapé doslo k otevieni pouze v jizni éasti severniho
Atlantiku (centralni Atlantik) a tato etapa trvala od jury do spodni
kFidy.

2) Ve druhé etapé postoupil Atlantik dale na sever. Pfitom
oddélil Iberii od Grand Banks Noveho Foundlandu. Toto otevieni

spolu s rotaci pyrenejského poloostrova probéhlo ve svrchni
kfide. Oddéleni Afriky a jizni Ameriky.

3) Ve tieti etapé se ve svrchni kfidé - paleogenu po otevieni

Labradorského more a Baffinova zalivu oddélilo Gronsko od
Severni Ameriky.

4) Ve étvrté etapé se oddélilo Grénsko od Evropy &imz

byly v eocénu ukonéeny pohyby treti etapy. Toto oddéleni vedio
k vytvoieni nejsevernéjSiho Atlantiku, které spolu s

pokracujicim oteviranim centralniho Atlantiku vedlo k

dnesnimu obrazu Atlantiku.




Pacific Ocean

Otevirani
Atlantiku zacalo
vytvarenim
pfikopa a
halfgrabenti jiz
v permu a triasu.

Triassic (245-235 Ma)
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Late Triassic 220 Ma




V prvni etapeé
doslo k otevreni
pouze v jizni ¢asti
severniho
Atlantiku
(centralni
Atlantik)a tato
etapa trvala od
jury do spodni
kridy.




Pacific
plate

Maximalni oddéleni
Afriky a Evropy ve
spodni kridé

Early Cretaceous130 Me;




Ve druhé etapeé
postoupil Atlantik dale
na sever. Pritom
oddelil Iberii od Grand
Banks Nového
Foundlandu. Toto
otevreni spolu s rotaci
pyrenejského
poloostrova probéhlo
ve svrchni kride.
Béhem svrchni kridy
zacalo rychlé
oddélovani Afriky od
jizni Ameriky a jeji
posun na SV. To vedlo
k nastupu komprese v
alpinském orogenu.

Pacific [ Ocean

Pacific

plate Farallon :

plate

Late Cretaceous 80 Ma




Ve treti etapé se po
otevreni
Labradorského more a
Baffinova zalivu
oddélilo Gronsko od
Severni Ameriky (ve
svrchni kridé-paleogenu).

Ve ¢tvrté etapé
(paleogen) se oddélilo
Gronsko od Evropy.
Toto oddéleni vedlo

k vytvoreni
nejsevernéjsiho
Atlantiku, které spolu

_ . \ s pokracujicim

Pguiy £5,0cf » & T oteviranim centralniho
ke B T W Atlantiku vedlo

k dnesnimu obrazu
Atlantiku

1_____{_ =
Early Miocene 20 Ma




SeapOay VAUELIL

tvafi vyrazny horsky oblouk mezi pobiezim Janovského zilivu
20u. V podlozi Videfiské panve navazuje na karpatobalkdnsky

Otevirani Atlantiku se samoziejmé projevovalo 1 dale na
vychod. Pohyby prvni etapy vedly k oddéleni Afriky od
Pangei v prodlouzeni giblaltarsko-azorského hrbetu
az do Tethydy. Predpoklada se, Zze od Atlantiku do
Tethydy se vytvorily 2 Gzké oceanické vétve. Zbytky
severni star§i oceanické vétve jsou dnes dokumentovany
ofiolity severnich Apenin a Alp, dinarid a hellenid. Za
zbytek mladsi jizni oceanické vétve je povazovano
vychodni stFredomori.

ekonstrukce
(Hsii, 1977).
bloky: 1 -
ansky, 2b -
icko-sardin-
ndrsky, 5 —
tolsky. B —
»synklindly :
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Figure 4 Schematic maps showing the paleatectonic evedution of the W Mediterranean during Neogene time (modified after Bonardi et al.,
2004, and KRoca, 2001). Only active tectonic elements are shown., White, exposed land; light gray, epicontinental sea; darvker gray, oceanic
crust. Black arrows indicate the direction of Africa’s motion with respect to Europe (from Mazgoli and Helman, 1994). White arrows indicate
upper-plate direction of extension. Stars indicate subduction-related magmatism. AP, Apennines; B, Balearic block; C, Calabria-Peloritani
terrane; K, Kabilies; PB, Provengal Basin, 8§, Sardinia; TB, Tyrrhenian Basin.

21 Ma (late 16 Ma (late Burdigalian)
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Zapadni Alpy
(Centralni Alpy)

Vychodni Alpy
Jizni Alpy

Z.akladni ¢lenéni

Severni vergence

Jizni vergence

Zapadni a centralni Alpy — hlavné jednotku peninika a helvetika,

vzacné austridy

Vychodni Alpy — hlavné austridy, ve 3 tektonickych oknech peninikum
helvetikum vzacné pri severnim okraji

Jizni Alpy jsou charakterizovany jizné vergentnimi vrasami a nasuny, jejich jizni
konec je pod rovinou Po. V podlozi je adriaticka deska, jejiz 10-15 km mocna ¢ast,
tvorena mesozoickym pokryvem a basementem byla odtrzena tak, ze horizont
odlepeni je ve svrchni granitické kitire.




Hlavni stavebni jednotky Alp

Molasova zona

Severni vergence
FlySova zona /\

(Predalpy) EVROPSKA DESKA
Helvetikum
Peninikum
Austridy Alpsko-dinarska jizva, periadriaticky lineament atp.
Jizni Alpy ’
ADRIATICKA DESKA

Jizni vergence




M. Wagreich, H.-G. Krenmayr | Cretaceous Research 26 (2005) 57-64 59

Bohemia

[ oceanic floor % "

[ continental margin

Africa

Fig. 2. Simplified palacogeographic map for the Maastrichtian, based on Stampfli et al. (1998). Austroalpine/NCA, Austroalpine microplate
including the Northern Calcareous Alps; South Alp., Southern Alpine Units.
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ZAPADNI A CENTRALNI ALPY
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Hlavni sedimentémé-tektonické jednotky Alp a jejich plivod. Legenda: a — tethydn{ ocednské horniny, b - deformované horniny okraje evropského
kontinentu, ¢ — deformované horniny okraje afrického kontinentu, d — evropska platforma, e — africk4 platforma, f — molasové pénve, g — periadriaticks
linie, h - hlayng ndsunové linie, Upraveno podie Rogers ( 1994).




Prikrovy helvetika byly odlepeny od svého plvodniho krystalinického
basementu. Jednotky jesté prichycené k evropskeé litosfére jsou tvoreny
vnéjsSimi krystalinickymi masivy (napr. Mont Blanc) a jejich pokryvem,
mirné odlepené od spodni kiiry béhem miocenu, kdy deforamce zacala
migrovat do predpoli nakonec vytlacujice od seravalu (12Ma) molasovou
panev a pohofi Jura téemér az 30 km. Jizni ¢ast rynského prolomu
reprezentuje eooligocenni kontinentalni rift, kinematicky spjaty s prikopem
Bresse situovanym na zapad od pohori Jura.
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Jednotky peninika maji extremné heterogenni paleogeograficky plvod
v némz jsou zastoupeny zbytky oceanicke litosfery, brianconsky
kontinentalni fragment i basement epivariské evropskeé desky. Byly
deformovany polyfazové a vétsina jednotek je postizena metamorfézou.
M3ji slozitou prikrovovou stavbu a €asto se jedna o tzv. prikrovy
fundamentu, které obsahuji i krystalinikum vnitrnich
krystalinickych masiva Alp. Déli se na 3 subzény - valaiskou,
brianconskou a piedmontskou. Briansonsky prah oddéloval valaiskou
sedimentacni panev od oceanické panve piedmontske.




Prikrovy austroalpinu maji stejnou paleogeografickou provenienci jako
jizni Alpy a jsou tvoreny naprosto bezkorennymi Supinami basementu a
jeho pokryvu, které byly odlepeny (delaminovany) od podlozni litosféry jiz
béhem kridy. V zapadnich Alpach je jednotkou austroalpinu pouze
jednotka Sesia-Dent Blanche, ma vsak popnékud odliSny

tektonometamorfni vyvoj nez jizni Alpy a austridy ve vychodnich Alpach,
které zde tvofri nejvice rozsirenou jednotku.
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The Swiss Molasse basin (Fig. 3) has long been recognized as the 'detritus washed down
from the rising Alps' and deposited in a peripheral depression related to the Tertiary

orogeny
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The internal zones of the Alps, shown as
coloured on the adjacent map, lie to the
east of, and above, the Frontal Pennine
Thrust. The heart of the Alps consists of
high mountains and deep valleys. Most of
the rocks here show evidence of once
being deeply buried because they are
metamorphosed.
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82. Geologické profily sz. &4sti vycarskych Alp (podle vysvétlivek listu Sion, 1964). 1 — insubrické zéna, 2 - simmensky pfikrov, 3 — brekciovity
piikrov, 4 — bradlovy piikrov, 5 — niesensky pfikrov, 6 — mezozoicky obal, 7 — ptikrov hory Dent Blanche, 8 — piikrov vrcht Monte Rosa -
Saint Bernard, 9 — tessinské p¥ikrovy, 10 — ultrahelvetikum, 11 — wildhornsky pfikrov, 12 — diableretsky ptikrov, 13 — pfikrov morclesdolden-
horsky, 14 — autochtonni a paraautochtonni obal, 15 — krystalinicka jédra, 16 — pfesunutd molasa, 17 — vyplii alpské pfedhlubné.




The Alps

.| * contorted geometry

g mapped by down-
plunge projections on
Triassic-basement
boundary (Argand,
1913)

 Dora Maira coesite-
eclogites

1 Jura Mountains

D Helvetics, UH, SL, Br, Pennine
___] Austro-Alpine terrane
Bl Adriatic plate
] Apenninic terrdifpan ¢ .7

[ Europe

:-l 1"'-.

Austro-Alpine: southern hinterland
thrust over all units (Tauern, Engadine windows)
source is Adriatic plate (former Apulia)

boundary in west = thrust, east = Insubric Line (younger dextral
strike-slip fault)

Jura fftb molasse Helvetics  Pennines Austro-Alpine Po Basin

\
European upper crust




The Alps

e Ty ErboLiy S et ok Adsssgii Pttt
Pe i
AN ik FEE
Folded Jurs Molasse Prealps Aporaines

50—

100 —

150~ Asthericaphers As‘:"‘mﬁ‘gm -
H=V

100 km
' ' = DR RG R

» European deep crustal traverse
* continues section down and south to Apennines.




VYCHODNI ALPY




Bohamian spur

____,_-r-"'_f “.Ealcafuu » - ¥ i ..
1.,,,..-‘—" B itz

Terilary Bustroalpines Penminie He |ugtl g
] ;:“lllnl_'—h-"-nl::-_!ﬁé basin fill 1:-'1 Pemmo-Mesozole cover IL’-.! Widdie & Unper Penninic coval & B
asemeant i »_ 8 Hasament

B oreanctc nrusves | | Palesznic =] LOWEl Fennirie
}E‘EEEHEM
Crystailine




Prikrovy austroalpinu maji stejnou paleogeografickou provenienci jako jizni
Alpy a jsou tvoreny naprosto bezkofennymi Supinami basementu a jeho pokryvu,
které byly odlepeny (delaminovany) od podlozni litosféry jiz béhem kridy. Austridy
jsou diferenciovany do 3 diléich jednotek. Nejsevernéji se ukladaly soubory
Unterostalpinu,na jih od nich Mittelostalpinu a nejjiznéji Oberostalpinu.
Unterostalpin byl sunut na nejmensi vzdalenosti a je nasunut na penninikum.
Na néj je nasunut Mittelostalpin, tvofeny centralnéalpskym krystalinikem a
denudaénimi zbytky metamorfovaného mesozoika. Nejvétsi ploSné rozsiieni ma
Oberostalpin jehoz sedimentacni prostor sousedil puvodné se sedimenta¢nim
prostorem jiznich Alp. Je to soustava superficialnich prikrovi, ve kterych jsou
kromé prevladajiciho mesozoika zastoupeny i paleozoické sedimenty
(Grauwackenzone, grazské a gurktalské paleozoikum). Hlavni vyskyty jsou v
severnich vapencovych Alpach.
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E. Liischen et al / Tectonophysics 388 (204 85-102
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OROGENETICKY VYVOJ

Obdobi extenze — jura az spodni kiida T

Obdobi komprese: Kiidove faze vrasnéni

Terciérni faze vrasnéni

Alpy vznikly v dasledku subdukce tethydniho oceanu pod Evropu, nasledovanou kolizi s Afrikou
nebo africkymi mikrokontinenty. Geologicka stavba Alp vznikla ve dvou hlavnich etapach.
Kridové faze postihly hlavné vychodni a zapadni Alpy, tercierni faze se nejvice projevily v
centralnich Alpach (peninikum, helvetikum, molasa).

Ve stiredni kridé doSlo ke kolizi z jednotky austrid byly presunuty pres peninikum. Kridova
orogeneze ve vychodnich Alpiach nema vztah k terciérni orogenezi protoze obé etapy
konvergence jsou oddéleny extenzi ve svrchni kridé (Gossau). Kiridova orogeneze kromé
prikrovu austrid postihla jesté piedmontskou jednotku peninika, dalsi jednotky penninika vsak
zustaly nepostizeny (brianconska, valaiska).
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Fig. 12. Possible tectonic model for the evolution of the Western Alps from the early Cretaceous to the Oligocene. The kinematic boundary
conditions for the motion of Adra and Europe are based on the motion of Africa with respect to Europe (after Rosenbaum et al., 2002a).
Geochronologieal data after Gebauer et al. (1997), Rubatto et al. (1998, 1990) and Rubatto and Hermann (2001, 2003 ). Note that switches from
shortening to extension correspond to transitions from acceretionary events to subduction rollback. Br, Bnangomnats; ICM, Internal Crystalline
Massifs.
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Surfaces in kme Fig.a) Fig.b) Fig. g)

Eurcpean sedimenls 1318 827 G72

European crust 12'093 5848 4976

Brianconnals sediments Iiﬁﬂl 1581 T3 ]
Eﬂ:{‘é‘;&ﬁ;ﬁ?ﬂam 33%2 1?,;2 4§§ Thus, even the minimum estimate
Austroalpine crust 3643 1912 1002 implies an Eclogitic root of about
Eroded material - - 1836

Total 21265 11862 9010 e 2900 km2

Total Including the
Eclogitic root (3'882) 21285 11862 12692

Mass balancing of the NRP20 Western traverse at a lithospheric scale. Two (a maximum and minimum estimate) Early
Cretaceous palinspatic reconstructions are shown with a present-day cross-section for comparison. Even with the
minimum estimate quite an amount of continental crust is missing in the present state. It was probably subducted and
now forms an eclogitic root below the Po plain
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The external zones of the Alps, shown as
coloured on the adjacent map, lie to the
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Frontal Pennine Thrust. This carries the
internal zones (now grey on the map). The
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N ST Hagar Py [hv's

4

SOIEE 5 N

MFP20-E1

¥

iR

oo

CROP-85

S Daltagine

¥

--ﬁ-—-.‘( Pennnctl'rus E

+ aF
+ 4+ 4+ + + + 4+ + o+
. "European upper crustt, *, *
+ + + + + + o+ + + + +
+ o+ +

+++++
20 +++++

+ 4+
+ o+ 4+ + o+ + + o+t

N Srprbach Hagas ) Aroza AUstroalpine
Augtroal pine thrust o L nappes
Y Penninic rappes y [

.A-';fﬁs S bt Sioj-m? @@ i‘:_g?\fi.;‘é?f
Ranmt oblatson AV H
e v

Mapg,

=] T T
Okm 20 40 G0

e o Sasda

£

\/_/x Southern Alps i

e

Sl 5

Adriatic lower crust

Adriatic lithospheric mantle [




THE NFP20-EASTERN TRAVERSE AT A LITHOSPHERIC SCALE
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THE ECORS-CROP ALP DEEP SEISMIC TRAVERSE
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THE ECORS-CROP ALP TRAVERSE AT A LITHOSPHERIC SCALE
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THE NFP20-WESTERN TRAVERSE AT A LITHOSPHERIC SCALE
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CRUSTAL-SCALE MASS-BALANCING ALONG THE NFP-20 WESTERN TRAVERSE
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European sediments 1318 827 672

European crust 12'093 6'848 4'976
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Generally speaking, the Carpathians have been divided into the Western and the Eastern
Carpathians, the latter also called - probably more accurately - the Southeastern Carpathians.
There are marked differences between these parts. The Western Carpathians show a clearly
marked zoning 1n geologic structure and relief forms, and the highest elevations occur in the
central part of this province, in the Tatras and the Lower Tatras ranges. The geologic structure
of the inner part of the Western Carpathians is marked by a break running from the east and the
south along a line of dislocation in the Earth's crust. Along this line, masses of volcanic rocks
have been piled up surrounding the Central Western Carpathian Block in a wide arc, with its
convex side turned eastward. The boundary between the Western and the Southeastern
Carpathians occurs at the narrowest part of the mountain range, marked by the valley of the
San River to the north and the Lupkow Pass (2,100 feet) and the Laborec Valley to the south.
There the Carpathians are only some 75-80 miles wide, while in the west they are 170 miles and
in the east as much as 220-250 miles across.

The Southeastern Carpathians are formed by a triangular block of mountains surrounding a
basin. The three mountain formations concerned differ in origin and structure. The Eastern
Carpathians, running in a northwest-southeast direction, include the flysch band, which
represents the continuation of the Outer Western Carpathians, and also an inner band of
crystalline and volcanic rocks. In contrast, the Southern Carpathians, running east-northeast to
west-southwest, consist, in the main, of metamorphic rocks. The Bihor Massif is also of
metamorphic rock but is covered with younger sediments.

The Southern Carpathians culminate in the Fagaras Mountains (highest point Moldoveanu, 8,347
feet), which show Alpine-type relief forms. The western part of the Southern Carpathians - that
1s, the Banat Mountains and the mountains of eastern Serbia (which, at the Iron Gate, are split
apart by the gap valley of the Danube) - do not exceed an altitude of 5,000 feet.
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Figure 28; Torttary to Recent volcanism in the PANCARDI regton. From Embeyv-Isztin et al, (1993),

The boundary between the Western and the Southeastern Carpathians occurs at the
narrowest part of the mountain range, marked by the valley of the San River to the north

and the Lupkow Pass (2,100 feet) and the Laborec Valley to the south
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Figure 1
Tectonic sketch of the Carpathian area (modified after RaDULESCU ef al., 1996).
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Obr. 77.  Paleotektonicky model vyvoje Zapadnich Karpat béhem mesozoika (podle Kovaé et al., 1993).
Legenda: 1 — mesozoické sedimenty, 2 — fundament kontinentélni kiiry, 3 — ocednska kira, 4 — bize
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Fig. 1. Tectonic sketch of the Alpine—Carpathian-Pannonian-Dinaridic and Northern Hellenides region.




MT = MID-TRANSDANUBIAN

Fig. 2. Mespalpine terranes in the Intra-Carpathian domain.
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Figure 1: Major tectonic units of the Alps, Carpathians and Dinarides (modified after Schmid and Fiigenschuh,

poster presented at PANCARDI-meeting 2000, Dubrovnik, Croatia, 1.-3. Oktober, 2000
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Figure 2: Map depicting the outcropping parts of the major tectonic units of the Alps, Carpathians and Dinarides, from
Tomljenovic (2002).
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Fig. 8 Late Jurassic reconstructions (156 Ma), after Stampfli et al. (1998, 20014, 2002) and Schrmid et al. (2004).
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Fig. 9. Early Cretaceous reconstruction of the Western Alps, af
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Fig. 11. Middle Eocene (~45 Ma) reconstruction of the Alps, partly Africa —

modified after Stampfli et al. (1998).
Fig. 10. Late Cretaceous reconstruction of the Alps, modified after Stampfli et al. (2002).




