G4021 Magmaticka a metamorfni
petrologie

P-T-t drahy v metamorfovanych horninach —
interpretace a modely



Popis drah P-T -t
« P-T CW (clockwise) - po sméru hodinovych ru¢i¢ek = pohibeni,
subdukce

*CCW (counter-clockwise) -
magmatic underplating - progradni Cast
drahy
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P-T-t draha (a) je typicka pro orogeneticka pasma kde dochazi ke stlusténi
kontinentalni kury is (crustal thickening)

« bchem narustu mocnosti kontinentalni kiiry roste tlak (vzrust tlaku se v
horninach projevi okamzité (P, ), ale tepelny tok je pomaly proces a tak
n¢jakou dobu trva nez dosahne teplota maximalnich hodnot)

v kontinentalni kuife je hodné€ radioaktivnich prvku a urcité teplo také mohou
dodavat magmatické horniny a proto postupné roste teplota hornin az na

hodnotu (T, )
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P-T-t draha (b) je typicka pro magmatickou

intruzi do malych hloubek

v prvni fazi narust a poté pokles teploty

spojene¢ s intruzi a chladnutim télesa

vyvielych hornin, vSe za relativné

konstantniho tlaku

Casto prechody mezi a-b (regiondlni

kontaktni met.)

P-T-t draha (c¢) proti sméru hodinovych
rucicek “counterclockwise”

vyskytuji se ve vysoce metamorfovanych
rulach, které jsou produktem kontaktni
metamorfdzy spojené s intruzi vétSinou
bazickych hornin do spodni a stfedni ktry.



P-T a vrcholné metamorfni podminky - vysoce
metamorfovane horniny

pojmy progradni a retrogradni spojeny s tektonickym
procesem, nejen s T

A) Progradni ¢ast drahy: nebyva zachovana — starsi
metamorfni procesy prekryty vrcholnymi PT podminkami
B) Retrogradni ¢ast drahy :

1) 1zotermalni snizeni tlaku neboli dekomprese (isothermal

decompression - ITD): tektonickée ztlusténi kury a
nasledna erozni ¢i tektonicka exhumace

2) 1zobarické chladnuti (isobaric cooling - IBC) naptiklad

horniny v kontaktnim dvore magmatickych téles
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Figure 21-25. P-T paths from granulites. (a) Isothermal decompression paths. (b) Isobaric
cooling paths. Abbreviations for areas in Table 21-1. From Harley (1989).

 ITD =CW draha P-T (ztluSténi kury)
 IBC = magmaticka télesa, magmaticka akrece na bazi kury



Figure 21-28. Tectonic cartoons and P-T paths showing two possible senarios to produce
isobaric cooling paths. (a) Crustal doubling model. Rocks at the base of the upper crust (labeled 1)
will have clockwise P-T loops and will be exhumed during the first orogenic cycle. Rocks labeled
2 will have overall clockwise loops but will have a significant period of isobaric cooling, which
may obscure any evidence for early high pressure metamorphism. A second orogeny is required to
exhume these rocks. (b) Magma underplating model. An elevated geotherm caused by magma
underplating will eventually evolve to a steady state geotherm and rocks will undergo isobaric
cooling. A subsequent orogeny is required to exhume these rocks. From Ellis (1987).
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Kiivka chladnuti svenitu Glen Dessary, Skotsko, odvozend
na zakladeé blokujicich teplot ruzmiel izotopickveh svstému
(van Breemen et al. 1979).

Kolecka: U-Pb. hvézdicky: Rb—-Sr, étverecky: K-Ar.

 rychle chladnuti - odpovida krystalizaci krystalu

g TI[°C]

7

600

500

400

300

200 |

Casove zarazeni
metamorfozy

o lJ/Pb Monazite
*Kh/Sr Muscovite
< KAAT Muscovite
& RDh/Sr Biotite

16

18

20

22 Age [Ma]
* Termochronologie = historie T-t (datovani mineralu s riznou T, )

* T, - teplota kdy prestava difuzni ztrata dcefinne¢ho prvku krystalu
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Tektonické interpretace

Dréhy PT = odraz souhry tektonickych procestu
a tepelného toku

Metamorfoza - tektonicky aktivni pasma se
zvySenym tepelnym tokem, i.e. aktivni
kontinentalni okraje (konvergentni, divergentni,
mobilni, orogenni pasma) — velky rozsah

Metamorfoza indikuje urcité geotektonicke
prostiedi.

Simulace metamorfnich udalosti

Na zékladé zjiSténych PTt dat se tvori model

Modely vychdzi z numerického modelovani
nebo z experimentu

Termalni a mechanické modely umoznujici
sledovat veliCiny, kter¢ kontroluji metamorfézu:
procesy jako zanofeni (burial) a zdvih
(exhumation) rychlé - siln¢ ovlivni tepelnou
strukturu zemske kury

Formation of Mediterranean
back-arc basins

back-arc basin  orogenic atc

Lithospheric mantle
Slab rollback

extetiziog Cofptes S0

o

Delamination

: ! COftfre s si0n
COfmpre s 101 e

dd

Convective removal of lithosphere
and extensional collapse

Fiz. 4. Carrent models for the formation of Mediterranean back-arc basins.
Top: a stbdncting slab inchides extension m the back are accompanied by
rollbaclk of the sutbduction hinge. Biddle: delasmination of lithospheric mantls
creates a pettern of mduced mantle convection and assymetrcally disposed
extension and compression of the overlying crust. Bottom: convective removal
of Lithospherc mantle creates a region of high gravitational potential enerzy,
which then extends. These models predict diffening thermal stmetares in the
crast and lithosphere benesath the basin.



Dulezit¢ udaje

(1) Teplotu > 800 C nemuZzeme v kufe dosahnout bez tepelnc¢ho zdroje
(magma).

(2) Pi1 vzniku piikrovll je mozn¢ pozorovat rozdilnou P-T-Casovou drahu pro
spodni a svrchni prikrov.

(3) Délka trvani regionalni metamorfozy se pocita na desitky milionu let zatimco
kontaktni metamorfoza 10000 let.



A Simple Wilson Cycle
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2) Relaxace tepelného poruseni smérem ke stalému stavu
(steady state)

* po skonceni tektonického procesu

3) Zména hloubky horniny v dusledku zdvihu a eroze
nebo tektonického ztencovani

 ztlustéla kuira je 1sostaticky nestabilni (neni v 1sostatické rovnovaze)

= zdvih a eroze (pohoti geomorf. nestabilni) eroze = denudace/odstranéni
nadloZnich hornin = exhumace hornin

Model ET84 — eroze 0.29mm/rok

= tektonické ztenCovani — svrchni kiira — gravitacni skluzy ¢i poklesy (low-angle)
sttedni a spodni kuira — duktilni stfiznd deformace.

Model ET86 — tektonicke ztenCovani 1mm/rok

e zména mocnosti kury
— hornina se ,,vraci od relaxované geotermy ke stalé

- snizeni tlaku a pohyb horniny bliZze k povrchu - chladnuti



Rychlost vystupu hornin a tvar retrogradni drahy P-T

e Zachovani mineralnich asociaci z P-Tmax

e podminéno rychlym transportem horniny, ne vyména tepla s okolim,
rychlé zchlazeni = puvodni mineralni asociace zachovany az k
povrchu

e pomala rychlost transportu, vymeéna tepla s okolim = reekvilibrace
mineralni asociace v transportovaném bloku, zanikaji informace o
puvodni metamorfoze



Faktory kontrolujici metamorfni drahy P-T

® procesy tektonické 1 sedimentarni (mocné sedimentarni sekvence, eroze)

* pfenos hmoty a tepla béhem vyvoje orogennich zon
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Fig.3.12. A pTt path of a volume element at depth ¢ of Fig. 3.11. The mineral assemblage A
stable at the tangent point of the path with dehydration reaction 2 will, in general, be E — D t,
preserved in metamorphic rocks. The tangent point corresponds to the least hydrated state of WT' c B
the rock. B Clockwise pTt loops for volumes of crust from different depth levels (Fig. 3-11).

The mineral assemblage of the individual volumes corresponds to the least hydrated state for
that volume. The pT points of the least hydrated state from all samples of a metamorphic
terrain define a curve that is known as piezo-thermic array
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function of time du ring a continent-conti
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g the po;ifion of a volume element in the crust as a
nent collision and the corresponding paths followed



Figure 21-7. A series of tectonic cartoons depicting the evolution of the Tauern Window in the
eastern Alps, Austria. Dot = The Lower Schieferhiille (LSH) ; Square = Upper Schieferhiille
(USH) ; Parallelogram = Eclogite zone (EZ). P-T diagrams show approximate positions of units
along P-T paths at various stages of convergence. Modified after Selverstone (1985).
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LEsn-58a
french

Ryoke Abukuma Belt
ArME

Sanbagawa Belt

{High P, Low T}

Japan Sea

Facific Ocean

After Miyashiro (1981)



Arc magmatism

Mantle melting

Intermediate-depth
earthquakes &
dehydration reactions?

\

H>O0 transport deep
into the mantle?




IR

__________

400°C

1 800°C

1200°C

T
100
greenschist (3.3)

T
200

epidote blueschist (3.1)

©.1)

zoisite amphibole eclogite (0.7)
S rnonin zoisite eclogite (0.3)
chlorite dunite (6.2) eclogite (0.1)
km 100 chlorite harzburgite (1.4) coesite eclogite (0.1)
diamond eclogite
H,0O (wt%) : B
- garnet harzburgite (0)
0 E
200 ; : |
0 100 200 300
o

400

km 100

200

H,0 (wt%)

155
]

1
100

T
200

1
300 400

(mimon Peacock)

(A) Subducting Oceanic Crust

Yariably hydratedJ

Oeeahic crist:
L basalt and gabbro

Bluszchist facias: :
— — — 4 MNa-amphibole Parial
T Chlotite fmelting
Lawsonitetepidote
= Ma-clinopyroxerne
= Quanz Ecilogite facias:
= Ma-clinopyrosene
= Garnet
Arnphibole
100 krr Lawsonitelepidote
| Cluartz
(B) Mantle Wedge (simon Peacock)

Low tetiperativre:
Serpentine
Tale
Brucite

Partizl
melting

T

High teliparatire:
gmphibole
Phlogapite

J

100 km =

| s

L




[iteratura

Dudek, A. - Fediuk F. - Palivcova M. (1962): Petografickée tabulky
Hejtman, B. (1962): Petrografie metamorfovanych hornin
Konopasek, J. — Stipska P. — Klapova H. — Schulmann K . (1998): Metamorfni petrologie

Naprosta vétSina obrazoveho materialu pochazi z cel¢ fady internetovych stranek
vénujicich se metamorfni petrologii



