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Figure 2. The Alpine-Himalayan orogen stretches from Spain to New
Zealand (after Lister et al., 2001).




Orogenic Belts

Alpine-Himalayan orogenic belt and the Circum-
Pacific orogenic belt are the sites of most recent
geologic and orogenic activity
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V Evropé muzeme rozlisit tfi hlavni pasy alpid.
1) Pasmo dinaridy-helenidy-tauridy se vyznacCuje poCatkem orogeneze jiz
V jure a orogeneze zde v externich castech probiha jesté dnes
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2) Alpsko-karpatské pasmo se zaCatkem orogeneze v kiid¢ a
jejim pokraCovani v paleogenu a neogenu.
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3) Mlad¢é pasmo Apeniny-Atlas (giblaltarsky oblouk)-Betidy-
Baleary s orogenezi v paleogénu a neogénu
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Kromé 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.
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Alpinska orogeneze se¢ neprojevovala jenom na okraji desek ale
s mensi intenzitou 1 na predpoli. Jako priklad muZze slouzit pohori
Jura, vokontsky a provensalsky retéz.
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reaprIsy ULUEVAL

tvati vyrazny horsky oblouk mezi pobtezim Janovského zélivu
3 T A
aou. V podloZzi Videfiské panve navazuje na karpatobalkdnsky

ekonstrukce
(Hsii, 1977).
bloky: 1 -
ansky, 2b -
icko-sardin-
ndrsky, 5 —
tolsky. B -
»synklinaly :
ickd, L - li-
kd, V - var-
mnediteranni
n miocénu
Sardinie.

Generelné evropské alpidy vynikaly
kolizi afrického a severoevropskeho
kontinentu. Jejich vznik byl vSak podstatné
slozitéjsi nez jednoducha predstava kolize
2 kontinentl. Ve sttedozemni oblasti
muzeme vyclenit minimalné 6 desek jejichz
slozitymi pohyby a kolizemi dochdzelo k
vrasnéni jednotlivych alpinskych pohoti. Od
zapadu k vychodu to jsou blok ibersky,
alboransky, kabylsky, Kkorsicko-
sardinsky, adriaticky, rodopsky a
anatolsky.



\n‘

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 zona a mezi adriatickou deskou

A evropskou platformou peninska
mobilni zona.



Paleogeografie
(Vznik a zanik mobilnich zon)



Vznik alpinskych pohori v Evropé uzce souvisel s e vznikem Atlantského
oceanu. Rozevirani Atlantiku v centralni ¢asti vedlo K sinistralnim
strike-slipovym pohybim 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 kirida-kenozoikum).



1)  V prvni etapé dos$lo k otevieni pouze v jizni &asti severniho
Atlantiku (centralni Atlantik) a tato etapa trvala od jury do spodni
kridy.

2) Ve druhé etapé postoupil Atlantik dale na sever. Pfitom

oddélil Iberii od Grand Banks Noveho Foundlandu. Toto otevreni
spolu s rotaci pyrenejského poloostrova probéhlo ve svrchni
kride. Oddéleni Afriky a jizni Ameriky.

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

Labradorského more a Baffinova zalivu oddélilo Gronsko od
Severni Ameriky.

4) Ve étvrté etapé se oddélilo Gronsko od Evropy éimz
byly v eocénu ukonceny pohyby treti etapy. Toto oddeéeleni vedlo
k vytvoreni nejsevernéjsiho Atlantiku, které spolu s

pokracujicim oteviranim centralniho Atlantiku vedlo k

dnesSnimu obrazu Atlantiku.



Triassic (245-235 Ma)
Cimmerian
onoman

ofogeny
Pacific Ocean

Late Triassic 220 Ma

Otevirani
Atlantiku zacalo
vytvarenim
prikopu a
halfgraben jiz

vV permu a triasu.



V prvni etapé
doslo k otevieni
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 Ma




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

Pacific

Pacific

plate Farallon

plate

Late Cretaceous 80 Ma
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Ve treti etapé se po
otevreni
Labradorského more a
Baffinova zalivu
oddélilo Gréonsko od
Severni Ameriky (ve
svrchni kridé-paleogenu).

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

k vytvoreni
nejsevernéjsiho
Atlantiku, které spolu
s pokracujicim
oteviranim centralniho
Atlantiku vedlo

k dneSnimu obrazu
Atlantiku
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tvafi vyrazny vhorsk)" oblouk mezi pobfezim Janovského zilivu
aou. V podloZzi Videfiské panve navazuje na karpatobalkansky

Otevirani Atlantiku se samoziejmé projevovalo i1 dale na
vychod. Pohyby prvni etapy vedly k oddéleni Afriky od
Pangei v prodlouZeni giblaltarsko-azorského hrbetu
az do Tethydy. Predpoklada se, Ze od Atlantiku do
Tethydy se vytvorily 2 uzké 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 povaZzovano
vychodni stifedomofri.
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Z.akladni ¢lenéni

Zapadni Alpy
(Centralni Alpy) Severni vergence
Vychodni Alpy

Jizni Alpy T T T

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 Pad. 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 kure.



Hlavni stavebni jednotky Alp

Molasova zona

Severni vergence
FlySova zona

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

Jizni vergence
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M. Wagreich, H.-G. Krenmayr | Cretaceous Research 26 (2005) 5764

Bohemia
Massif

Europe

<

- oceanic floor
[ continental margin

-

Africa

59

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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Prikrovy helvetika byly odlepeny od svého puvodniho krystalinického
basementu. Jednotky jesté pfichycené k evropske litosfére jsou tvoreny
vnéjSimi krystalinickymi masivy (napr. Mont Blanc) a jejich pokryvem,
mirné odlepené od spodni kiiry béhem miocenu, kdy deforamce zacala
migrovat do pfedpoli nakonec vytlacujice od seravalu (12Ma) molasovou
panev a pohofi Jura témér 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 puvod
v némz jsou zastoupeny zbytky oceanické litosféry, brianconsky
kontinentalni fragment i basement epivariské evropske desky. Byly
deformovany polyfazové a vétSina jednotek je postizena metamorfézou.
Maji slozitou prikrovovou stavbu a Casto se jedna o tzv. prikrovy
fundamentu, které obsahuji i krystalinikum vnitrnich
krystalinickych masivua Alp. Déli se na 3 subzény - valaiskou,
brianconskou a piedmontskou. Briansonsky prah oddéloval valaiskou
sedimentacCni panev od oceanicke panve piedmontske.
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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 tvofi nejvice rozsifrenou jednotku.

N S

vor ca. 200 Mio. Jahren
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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 Alps

. * contorted geometry
mapped by down-

_ Jura Mountains
| Helvetics, UH, SL, Br, Pennine
D Austro-Alpine terrane

! Adriatic plate 1 . .
= Apenninic terrdi plunge projections on
B Europe Triassic-basement

boundary (Argand,
1913)

e Dora Maira coesite-

eclogites
 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 Po Basin

Austro-Alpine

European upper crust

European lower crust
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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. Austridy jsou diferenciovany do 3 dilich
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, tvoreny
centralnéalpskym krystalinikem a denudaénimi zbytky
metamorfovaného mesozoika. Nejvétsi ploSné rozsireni
ma Oberostalpin jehoz sedimentacni prostor sousedil
puvodné se sedimentaénim prostorem jiznich Alp. Je to
soustava superficialnich prikrova, ve kterych jsou
kromé prevladajiciho mesozoika zastoupeny i
paleozoické sedimenty (Grauwackenzone, grazské a
gurktalské paleozoikum). Hlavni vyskyty jsou v
severnich vapencovych Alpach.

vor ca. 200 Mio. Jahren
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E. Liischen et al / Tectonophysics 388 (2004) 85-102

Geological Section from Surface Mapping

Marthern Cal,
arthern Calcareous Temiass: Wil uckimer Dolomite Mountains S

Bavarian Molasse Alps Inn Valley

F=
Penadriatic Lingament
- WValsugana Backthrust
Vibroseis - Stack Section 90-fald. 360 channels. 30 m geophone spacing Zone
E. Liischen et al / Tectonophysics 388 (2004} 85102 99

Maodel A ("Crocodile Model™)

Tauern Window
Northern Calcareous Alps

xg " Dolomite Mountains

Maodel B {"Lateral Extrusion Model™) i?p?‘ &\,‘}

4
P e ) {b’b‘
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[ Tertiary Molasse and Clastics ; e - — Shear zones
[] European Mesooic sediments  [__] remnanis of Pennininc Ocean [ | Adriatic Mesozoic sediments
[] Euwropean upper ervtalline crust [ Oligocene intusives [ Adriatic upper crystalline crust
B European lower erust Length of section 300 km; 1:1 [ Adviatic lower crust
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OROGENETICKY VYVOJ

Obdobi extenze — jura az spodni kiida T

R

Obdobi komprese: Kitidové faze vrasnéni

Terciérni faze vrasnéni — tercierni kolize(paleogen)
- postkolizni etapa oligocén-
miocen)

Ktidové faze

Alpy vznikly v disledku subdukce tethydniho oceanu pod Evropu, nasledovanou kolizi s Afrikou
nebo africkymi mikrokontinenty. Geologicka stavba Alp vznikla ve dvou hlavnich etapach.

Ve stredni kiidé doslo ke kolizi a jednotky austrid byly presunuty pres peninikum. Kridova
orogeneze kromé prikrovii austrid postihla jeSté piedmontskou jednotku peninika, dalsi jednotky
penninika vSak ziistaly nepostiZeny (brianconska, valaiska).
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vor ca. 200 Mio. Jahren
Adriaticka deska

m.mm Austridy, jizni Alpy
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Fig. 12. Possible tectomic model for the evolution of the Western Alps from the early Cretaceous to the Oligocene. The kinematic boundary
conditions for the motion of Adna and Europe are based on the motion of Afnica with respect to Furope (after Rosenbaum et al., 2002a).
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The external zones of the Alps, shown as
coloured on the adjacent map, lie to the
west of a major tectonic break - called the
Frontal Pennine Thrust. This carries the
internal zones (now grey on the map). The
coutryside of the external zones is highly
variable - from the foothills of the
subalpine chains (seen in the title slide
above) to the highest parts of the Alps -
the Mont Blanc massif.
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The Subalpine chains of the French Alps consist of stacked
up Mesozoic and Cenozoic rocks. The general structure can
be appreciated from the cross-section shown above -
through the Chartreuse hills near Grenoble. Notice that the
mollase sandstones are involved in the deformation, over-
riden by wedges of older sediments. Although basement
does not appear to be involved here - it is further to the
east where it crops out in the high ranges of the Mont

Blanc massif and elsewhere.
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THE NFP20-EASTERN TRAVERSE AT A LITHOSPHERIC SCALE
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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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Surfaces in km:< Fig.a) Fig.b) Fig.c)

European sediments 1318 827 672

European crust 12'093 6848 4976

Briangonnais sediments 284 181 73

Briangonnais crust 3'023 1370 426 Thus. even the minimum estimate
Austroalpine sediments a04 724 25 . ; .y

Austroalpine crust 3643 1912 1002 implies an Eclogitic root of about
Eroded material - - 1836

Total 21'265 11862 9010 i 2'900 km?2

Total including the
Eclogitic root (3'682) 21265 11862 12692
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Generally speaking, the Carpathians have been divided into the Western, Eastern and Southern
Carpathians

There are marked differences between these parts. The Western Carpathians show a clearly
marked zoning in 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 boundary between
the Western and the Eastern Carpathians occurs at the narrowest part of the mountain range,
marked by the valley of the San River to the north and the Lupkdéw 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 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.



Fig. 1. Tectonic sketch of the Alpine—Carpathian-Pannonian—Dinaridic and Northern Hellenides region.
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Obr. 77.  Paleotektonicky model vyvoje Zapadnich Karpat béhem mesozoika (podle Kovéé et al., 1993).
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litosféry, 5 - konvekéni proudéni v astenosfére, 6 — levostranna transprese, 7 — pravostrannd transprese.
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Fig. 4. A scheme of the Central Western Carpathians and Northern Pannonian Unit siructural pattern during the Tertiary. 1 - orientation of
principal compression axis during the Paleogene and Oligocene - Early Miocene; 2 - orientation of transtension during the Palcogenc and
Oligocene - Early Miocene; 3 - uplifted areas; 4 - Paleogene and Oligocene - Early Miocene sediments; 5 - faults; 6 - Pieniny Klippen Bell.



Fig. 1. Tectonic sketch of the Alpine—Carpathian-Pannonian—Dinaridic and Northern Hellenides region.
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Fig. 2. Mesoalpine terranes in the Intra-Carpathian domain,



MAJOR TECTONIC UNITS OF THE ALPS, CARPATHIANS AND DINARIDES

8 Sech=id asd 8 Fogenachus [Basell is coogooation wils M Sanchibioy and Mabencs (Buchises?) D Pl g, J Pami and Toshesoe: Zagmth, L Caosles and L. Fodor (Bleapnl]

£ 1 Precamérian platfiom & - thwusbed indesrmal foredeep 1 [ Daruian, external Balkan -5 5
g [ Blhn Mpzcok
? o Paleczoi; platform E g Tarcau-Skoda nappes | u Rhodope g Ei "
.gé [ IDﬂbﬁlnL"ﬂ = E L Ausdia-Macla-Comclube Flysch- ﬂ 3 Bukowiniam, Setic, Sredna Gora g EE Ellhnnn
BB B matemal fordesp Simsian-Ducla-Subsiesian & B serbo-Macedanian L]
¥ Apuban plads r .
ot o
i o~ ©
| e [ ceahiau-Savarin
- 150 km o gt — A L ,ﬂ IEL I Finenedanubian-Magura
o ' e Fieniny Klgpan kst
- EE I Purwinic-rticave-Solnok-
_|_ iE Sana-warklarm Vardar
¢ £ I matista-Came-Sizarmski
- E H Dinandc-Mrdita-Prdas ophicliles
, s - \ £ & [ Transsyvanian-Seuth Apuseni-
N = E eaztem Vardar
[ )
= — .’:ql?'
N+
c L |
i q l\)ﬂ
x |
o BB Lo Austicaipines, Tatiides o |
£ 3£ I Middie Aussiraalpine, Veperides e
= EE Bl Upper Austcalpice, Gemmenides, Silice J |
) |

extermal Dimandes

Sourthern Al

internal Dirmrides, Blkk

Goli, lvanica, Jadar,
Harab, Pelagonidos

alinchhoes

Dinaridio pre-fipalas

Epsthem Alps and
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5. Rosenbaum, (L8, Lister / Earth-Scence Reviews 69 (2005 28]1-306

Late Jurassic (156 Ma) 250 km

Fig. & Late Jurassic reconstructions (156 Ma), after Stampfli et al. (1998, 20014 2002) and Schmid et al. (2004).
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Early Cretaceous (112 Ma) 250 km

Alrica /Q (7. Rosenbaum, G.8. Lister / Earth-Science Reviews 69 (2005) 281-306

Fig. 9. Early Cretaceous reconstruction of the Western Alps, afi

Late Cretaceous (69 Ma) 250 km

Middle Eocene (~45 Ma) 250 km

Africa

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 Stampili et al. (2002).
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modified). This model suggests that, during the continental collision in Miocene times, break-off of the west-dipping subducting slab
occurred at a depth of 70 km. Slab break-off propagated horizontally towards the east, inducing lithospheric delamination, counterclock-
wise rotation of the delaminated lithospheric segment and movement of the Vrancea slab (seismically active due to ongoing pull of the
oceanic lithosphere) into its present position. Location of Figure 4b is shown for a better understanding of the model. Click on figure for a
larger version.




