Variscan evolution of the Bohemian Massif

Ondrej Cadek, katedra geofyziky MFF

Fyzikalni model Ceského masivu:

Petra Maierova

ve spolupraci s Karlem Schulmannem (EOST Strasbourg)
a Ondrejem Lexou (PrF UK)



O €em dnes bude rec€
» Geologické problemy z fyzikalni perspektivy

- Varisky vyvoj Ceského masivu ogima geofyzika
(co vime, co tusime a kde je v tom fyzika)

 Jaka jsou data, co chceme vysvetlit a jak se to
da modelovat: nase cesta k numerickému modelu

* Model exhumace spodni kury (P.M.)

* Nezodpovezene otazky
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(Skoro) naprosty nedostatek informaci
je zakladni metodicke vychodisko
pro studium hluboke Zeme:

T(°C)
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Jak pohlizet na geologicka data,
abychom jim byli schopni pfiradit fyzikalni vyznamy

1. Zakladnim paradigmatem zUustava deskova tektonika.



Deskova tektonika a procesy v kure

litosféra se deformuje

Eurasian plage

* kura je silné heterogenni

* svetlé horniny se mohou deformovat pri podstatne
nizSich teplotach nez plastové horniny

 vysoka napéti — nizkoteplotni plasticita, krehké poruseni

» vedle tradiCnich objemovych sil hraji dulezitou roli eroze —
sedimentace a kontrakce — extenze



Vrasnéni
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Jak pohlizet na geologicka data,
abychom jim byli schopni pfiradit fyzikalni vyznamy

2. Vulkanismus vyzaduje teplo. Jeho slozeni indikuje hloubku,
kde k taveni doslo.



Jak pohlizet na geologicka data,
abychom jim byli schopni pfiradit fyzikalni vyznamy

3. Eroduje se to, co je vyS, a sedimenty se ukladaji tam, kde je
to nizZ. Struktura a slozeni sedimentu vypovidaji o tektonickém
usporadani a dalsich procesech.



Jak pohlizet na geologicka data,
abychom jim byli schopni pfiradit fyzikalni vyznamy

4. Premeénéné horniny vypovidaji o p-T podminkach, a mapuiji
tedy konvekci v kufe resp. litosfére.
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UHP rocks eximmation during inciplent collision

Gerya T.V., Perchuk, L.L., Burg J.-P. (2007) Transient hot
channels: perpetrating and regurgitating ultrahigh-pressure,

high temperature crust-mantle associations in collision belts.
Lithos, doi: 10.1016/}.lithos.2007.09.017.
ftp://nazca.ethz.ch/tgerya/Reprints/Hot_Channel LITHOS 1678 annotated.pdf
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T. Gerya and co-workers



Rekonstrukce rozloZeni kontinentu
pred zacCatkem variské orogeneze
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b) reflection seismic section 9HR
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exhumovana
spodni ktira

SIMPLIFIED GEOLOGICAL MAP
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* Existence svétlych granulitt a jejich PT kfivky: Granulity tvofrily
puvodné svrchni kuru ST, byly zatazeny do hloubky az 60 km,
zahraty na cca 900°C a vyneseny k povrchu.
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Stredocesky
pluton

SIMPLIFIED GEOLOGICAL MAP
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SIMPLIFIED GEOLOGICAL MAP
OF BOHEMIAN MASSIF
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SIMPLIFIED GEOLOGICAL MAP
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CO VIME

» oceanska a pozdeji kontinentalni
subdukce ST desky pod T-B a M;
casove mezniky: cca 370 a 350 Ma

* prvni faze vulkanismu (360-335 Ma)
v centralni ¢asti na hranici T-B a M

» 345 Ma: vznik orogenu a pocatek
sedimentace (Culm)

* 340 Ma: exhumace spodni kury
(granulity) a vznik durbachitu

e cca 340-325 Ma: metamorféza a
deformace ve smé[u SSV-JJZ

ve vychodni Casti CM

 330: granulity v sedimentech Culmu

» 335-300 Ma: druha faze vulkanismu,
tentokrat spiSe v perifernich oblastech

77?777
* presngjsi chronologie
*vztah TBa M

« vulkanicky oblouk nebo spise
souvisi s gravitacnim kolapsem?

 pro€ soucasné na ruznych
mistech a proc tak rychle?

« vztah granulitu a durbachit

* typ procesu: kontinentalni kolize
(subdukce?) na vychodé nebo
dusledek delaminace?

» dusledek pfedchozich procesu
nebo delaminace litosféry?



1) oceanic subduction (4007-380 Ma)
sedimentation =

— = " back-arc spreading
- e — = —

2) continental subduction (380-370 Ma)

MLC exhumation _ﬁr"r)
""“T&?;_{ﬁfemfﬁh'is_nﬁ"__'"“""_" LLL LIS

"0 felsic material emplacement

3) compressional stage (370-%&0 Ma)

thickening

sedimentation
4) turnover event (340 Ma) //break_up of upper crust in foreland basin

NE— il s .

H:‘E;:_ﬁ -_'-_“'“"-m__,_. e
o turnover of lower crust
——— and middle crust / ——
T~ delamination? e e
5) indentation (340-325 Ma) in foreland basin
i . ~__——"deformation and
o 5 “extrusion of ?Iubhor_j_zontar . metamorphism
T ——_lower crust__: o’\fd
YOr el el

Saxothuringian \ Tepla-Barrandian \ Moldanubian \ Brunovistulian




PREDPOKLADAME

« pfitomnost silné radioaktivni ST svrchni kury
na bazi M kury na pocCatku (370 Ma)

« kompresi v dusledku subdukce na zapadé v prvni fazi
* indentaci Brunie na vychodeé v druhé fazi



CHCEME VYSVETLIT

 vznik orogenu cca 345 My

* P-T podminky vzniku granulitu
a jejich rychlou exhumaci (340 Ma)

» deformacni obraz pozorovany
v strukturneé geologickém zaznamu
(horizontalni kanalove teceni 340 Ma
pozdéji)

* podminky umoznujici pozdni
vulkanismus

* rozdily mezi T-Ba M



Model: Petra Maierova
Metoda: konecné elementy (Elmer)
Ingredience:

* volny povrch a promenné hranice

» multifazovy systéem — markery

* eroze — sedimentace

» krehkeé poruseni

* nelinearni teCeni (s vazbou na radiogenni zdroje a taveni)
* izostaze

Omezeni: 2D, nezahrnuje lokalni elasticitu, magmatismus
je silné zjednodusen, petrologie nezavisi na PT
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1) oceanic subduction (4007-380 Ma)

sedimentation =
- _'_:-Q--:'f_:‘ £ back—ar_c_s_p;t;ading 77
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2) continental subduction (380-370 Ma)

MLC exhumation j’r)
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T ——— |""felsic material emplacement |
3) compressional stage (370-%&0 Ma)

thickening

sedimentation

4) turnover event (340 Ma) //‘break_up of upper crust in foreland basin
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402 Al Chemenda et al.| Earth and Planetary Science Letters 174 (2000) 397409

strength of the mantle layer of the underplated/
subducted kthosphere in Expt. 1 (Fig. 5) was
higher, then one would expect backward delami-
nation and peeling of this layer instead of rupture.
Break-off would occur later, when the length of
the sinking mantle lithosphere is long enough to
generate a sufficient pull force for breaking this
strong layer. Such a process is observed in the
next experiment where the same lithospheric mod-
el as in Expt. 1 is tested under lower temperature
and hence with higher strength of the lithospheric
layers (Table 1).

Experiment 3, Fig. 7: The

T A
e
ﬁ
ﬁ
(@]

al stages of this

of the continen-

. 5 Experiment 1: Tectonic underplati
tal lithosphere break off (model parameter

6. Experiment 2: Tectonic underplting of the continen-
tal arust delamination-break off (model parameters in Table

riment are similar to Expt. 1, but the sub-
g lithospheric mantle separates from the
tectonically underplated crust and peels back to
the subduction front (Fig. 7f). This delamination
is followed by break-off of the mantle layer, wh
could not be achieved because the sinking mantle
layer reached the bottom of the box. The conti-
nental crust underplated the overriding plate (Fig.
7f) over 10 cm (~350 km in nature) and did
not fail because it is colder and stronger thar
Expt. 1.

One can test many other parameter combina-
tions, but the presented experiments provide
enough information to predict other possible op-
tions for lithospheric/crustal behaviour: the prin-
cipal elements are delamination, roll-back and
break-off of the lithospheric mantle layer. The
distance L of tectonic underplating depends o
the crustal strength. Weakening of the crust with
depth/temperature results in shorter L values. As
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B.R. Hacker et al. / Earth and Planetary Science Letters 307 (2011) 501-516

lA) relamination of subducted
sediment

B) relamination of subducted
intra-oceanic arc

e upper crust

relaminant

delaminant

upper crust

C) relamination of crust removed
by subduction erosion

D) relamination of subducted
continental crust

upper crust

melt

upper crust

melt (I)

\J
relaminant ;

delaminant

/




. A
Schwandd#ftyion granite

T @
Chemnitz

>

L] -

= sy rahofin dicrie
28+-1"

-

342+10-6" LY

+-2"
Q/-2004*

]

*  Holub et al. 1997
#%  Janousek and Gerdes 2003
w8 Kosler et al. 1993
+4%% Rues et al. 2002 &
" this stugdy

(e |

20 4 km

[13°E

I an®

ymk_awa a

L‘Klajm grancdiorite

34T +4/-3"

% Kozlovize granodioritdy -
[
L346+/-1" gt Pisek

a464/-10° S65-380°7
£

N

Peninsula

Variscan basement
Mediterranean  Sea of Bohemian Massif

3514/-11°

s g PTHIT
9

:
T
Bererrss

AR

molasse (Upper
Carboniferous)

Upper Dy

& metaperidotite

Cambrian to

Middle Devonian -
Carboniferous

granitoids - plutonic rocks

, A eclogite
- metabasite °9

evonian

y)’lhlust

Cambrian Meldanubian
granitoids E high-grada
Cadomian rocks

basement of - granulites

TBU
normal / "
shear zone B

Tabor &4
A

50° N

Y e

e

e

Saxothuringian m arthogneiss

unit

L Cadomian
Mqravoﬁllesmn ¥ granitoids/onho-
unit aneiss

“reeee Kyanite isograd Tt garnet isograd
staurolite isograd """ biotite isograd

s sl

Dorr & Zulauf, 2010



Subduction Stage

1) oceanic subduction (4007-380 Ma)

sedimentation =
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Zaver:

- existuje nékolik scénafli mozného vyvoje CM,
které vicemeéne rozumne vysvetluji zakladni data
a nektera vybrana pozorovani

* model P.M. je z hlediska numerickeho modelovani
jednoznacné nejsofistikovangjsi

« kliCova je otazka zdroju tepla a deformace
- k objasnéni vyvoje CM je nezbytné pochopeni

procesu delaminace a relaminace na zakladé
numerického modelu



