Petrologie G3021

2. Uvod do metamorfnich procesi
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Typy metamorfozy — geneticke klasifikace

1) klasifikace podle prevladajiciho Cinitele
termalni met. (T) - rizna méritka
dynamicka met. (orientovany tlak) — lokalni, text. zmény
dynamicko-termalni met.

2) klasifikace podle geologicke pozice
a) regionalni met. — velké oblasti, L-HT/MP

I) orogenni metamorfoza

horska pasma, konvergentni hranice desek, vznikaji horniny s foliaci
IT) metamorfoza pohibenim

anorogenni, tlakem nadlozi, sed. panve
[II) metamorfoza oceanskeho dna

horka hydrotermalni fluida, diverg. r., metasomatoza
obohaceni Mg-Na, ochuzeni Ca-Si
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Typy metamorfozy — geneticke klasifikace

2) klasifikace podle geologické pozice

b) lokalni metamorf6za — omezeny rozsah

I) kontaktni aureoly (HT/LP)

IT) regionalni kontaktni met. (mnohacetné intruze)

IIT) kataklastickd metamorfoza mylonitizace
orientovany tlak, vysoka rychlost deformace

pseudotachylity, kataklazity, mylonity, fylonity
IV) Sokova met. — impaktni kratery (coesit, stishovit, suevity)
V) hydrotermalni metamorfoza (horka fluida, LT/LP)
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Figure 7.1 Temperature and Pressure Conditions of Metamorphism This diagram shows the conditions of pressure and
temperature in which diagenesis, metamorphism, and melting occur. On the left is a sketch showing where in the crust metamorphism
and melting occur, On the right is a plot of pressure versus temperature, with the pressure-temperature regimes of metamorphism
indicated. The broad, curved band shows how pressure and temperature increase with depth through much of the continental crust.
Pressure is shown along the lefthand side of the diagram, equivalent to pressure in the crust, is shown on the righthand side.



3) Klasifikace v kontextu deskové¢ tektoniky

 uvnitf blokii — kontaktni metamorf6za, metamorféza pohibenim, regionalni
metamorfoza na bazi kury

« divergentni okraje — metamorf6za oceanského dna a kontaktni metamorfoza

« konvergentni okraje — orogenni (regionalni) metamorfdza, kontaktni metamorfoza,
kataklasticka metamorfoza

« transformované okraje - kataklastickd metamorfoza

Divergent Cnnwmfﬁ??g.
Plate Plate "% yolcanic

Modern World

PACIFIC:
OCEAN

magma generation

in i i
escaping heat by fractional melting

CENTRAL:
INDIANe

ATLANTIC (v
W Madagascar OCEAN

OCEAN



Typy metamorfozy — geneticke klasifikace

METAMORPHIC ZONES AND FACIES
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A) kontaktni metamorfoza

. tepelné plisobeni téles vyvielych hornin

. ucinky rychle klesaji se vzdalenosti od
plutonu

. rozsah obvykle max. nékolik km

. nizky P/T (andalusit-sillimanit)

Typické znaky:
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Sedimentarni bridlice

Skvrnita bridlice

Kontaktni biidlice s
andalusitem

Kontaktni rohovec s
andalusitem

v Skiddaw granit

andalusite

fine-grained
alteration product
of cordierite

cordierite

______ Quter limit of
metamorphism

Intermediate zone
of hornfels slate

Innermost zone o
of crystalline hornfels -

Skiddaw Granite
[ | Skiddaw Slates

Other country rocks

':\,A
| Skiddaw

Geologic Map and cross-section of the area around the Skiddaw
granite, Lake District, UK. After Eastwood et al (1968). Geology of
the Country around Cockermouth and Caldbeck. Explanation

accompanying the 1-inch Geological Sheet 23, New Series. Institute
of Geological Sciences. London.



B) metamorfoza pohrbenim
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zpusobena tlakem nadloZzi a hloubkou
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Regionalni metam. pohrbenim (Burial Metamorphism)

[zogrady mapovan¢ od nejnizsiho stupné:
1) Zeolity
Metamorphic zones 2) Prehnit-Pumpellyit
3) Pumpellyit (-aktinolit)
4) Chlorit (-klinozoisit)
5) Biotit
6) Almandin (granat)

7) Oligoklas (albit v nizkém met.
stupni a smérem do vysSi
met. roste obsah Ca)

Metamorphic zones of the
Haast Group (along section X-
Y in Figure 21-10). After
Cooper and Lovering (1970)

Contrib. Mineral. Petrol., 27,
11-24. Scale, km




C) metamorfoza oceanského dna

nizké tlaky velky rozsah teplot

hydrotermalni metamorfozy

hlavni €initel hydrotermalni fluida

reakce mezi bazaltem a moiskou vodou

K-bar

Tampearaturs in Canfigrads
afio 8O0

F

and Depth -y

Schematicky rez stredooceanickym
hibetem ( Ernst, 1976 in Spear, 1993)
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metamorfované horniny jsou vyrazné postizeny
metasomatickymi alteracemi

odnaseno Ca a Si a roste obsah Mg a Na

metamorfozou vznikaji chloritem bohaté horniny s
vysokym obsahem Mg a nizkym Ca

Hot water rises,
reacts with rock.
NN

Sea level

§ Cold water sinks into crust.



http://www.google.cz/imgres?imgurl=http://m1.ikiwq.com/img/xl/7awL2vCFqVRDyizc2VGDnd.jpg&imgrefurl=http://www.qwiki.com/q/%3F_escaped_fragment_%3D/Greenschist&usg=__tPZ9bpvcuixtcHcD3k3ByfX0HE0=&h=378&w=440&sz=31&hl=cs&start=8&zoom=1&tbnid=SmErNkhW4ILIgM:&tbnh=109&tbnw=127&ei=ZV2kTZWuFYLetAa6x9CtBw&prev=/search%3Fq%3Dgreenschist%26um%3D1%26hl%3Dcs%26sa%3DX%26biw%3D1259%26bih%3D818%26tbm%3Disch&um=1&itbs=1

D) transformované okraje

* na transformnich zlomech

» kataklastickd metamorfoza a mylonitizace
» vysoky orientovany tlak

* + teplota, aZ taveni - pseudotachylity

* LT kiehke - kataklazity;

* HT plastické - mylonity;

bedding —_

(a) Mala hloubky - tektonicka brekcie
(b) Hloubé&;ji - mylonit



Nonmetamorphic
(rock breaksi

Metamorphic
(rock shears like
soft plastic)

C Mylonite
forms

Broken-up rock
(Fault breccia)

Fig 1

Model for dynamic metamorphism
in faults (a), producing mylonite (b)
and fault breccia (c)

W.OW, Norton


http://www.google.cz/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/1/1e/Mylonite_Strona.jpg&imgrefurl=http://en.wikipedia.org/wiki/File:Mylonite_Strona.jpg&usg=__XEzBJ2F0e55vuuR-BISzsTf4OaU=&h=652&w=1449&sz=367&hl=cs&start=9&zoom=1&tbnid=Pjpa9hahrAHfbM:&tbnh=67&tbnw=150&ei=d1ukTb3vJY7ItAb9l8ivBw&prev=/images%3Fq%3Dmylonite%26um%3D1%26hl%3Dcs%26biw%3D1276%26bih%3D818%26tbm%3Disch&um=1&itbs=1
http://www.google.cz/imgres?imgurl=http://ic.ucsc.edu/~casey/eart150/Lectures/Foliations%26Lineations/Mylonite.mod.jpg&imgrefurl=http://ic.ucsc.edu/~casey/eart150/Lectures/Foliations%26Lineations/Foliations%26lineations.htm&usg=__dtQq-nzkWil307voVi2RjdSRZTY=&h=533&w=800&sz=75&hl=cs&start=14&zoom=1&tbnid=onHliitDPuFTWM:&tbnh=95&tbnw=143&ei=d1ukTb3vJY7ItAb9l8ivBw&prev=/images%3Fq%3Dmylonite%26um%3D1%26hl%3Dcs%26biw%3D1276%26bih%3D818%26tbm%3Disch&um=1&itbs=1
http://www.google.cz/imgres?imgurl=http://users.monash.edu.au/~weinberg/Pages/Reru_valley/Reru_valley/50pct/DSC03555.JPG&imgrefurl=http://users.monash.edu.au/~weinberg/Pages/Reru_valley/Reru_migmatite.htm&usg=__3lYOHzSFZlHkC2dV7FYDJPO6htA=&h=1005&w=1417&sz=479&hl=cs&start=13&zoom=1&tbnid=CmSyojjngrUDlM:&tbnh=106&tbnw=150&ei=JlykTcqYDIjbsgbO2_icCA&prev=/search%3Fq%3Dmylonite%26um%3D1%26hl%3Dcs%26biw%3D1276%26bih%3D818%26tbm%3Disch&um=1&itbs=1

E) metamorfoza na subdukc¢nich zonach
» vysoky P/T (glaukofan-jadeit)

« relativné studené horniny jsou rychle transportovany do velkych hloubek
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Schematicky rez subdukcni

zonou a vulkanickym obloukem
(Ernst, 1976 in Spear 1993).
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http://www.google.cz/imgres?imgurl=http://www.und.edu/instruct/mineral/320petrology/opticalmin/jpgs/6140JadP.jpg&imgrefurl=http://www.und.edu/instruct/mineral/320petrology/opticalmin/epidote.htm&usg=__adzL6xqyemn6ZS5aPotALYSBeVA=&h=1800&w=2400&sz=1021&hl=cs&start=12&zoom=1&tbnid=gz2m-R8f88rIEM:&tbnh=113&tbnw=150&ei=k1ykTbecOozbsgayq_2EBw&prev=/images%3Fq%3Dblueschist%26um%3D1%26hl%3Dcs%26biw%3D1276%26bih%3D818%26tbm%3Disch&um=1&itbs=1
http://www.google.cz/imgres?imgurl=http://0.tqn.com/d/geology/1/0/r/X/metapillows.jpg&imgrefurl=http://www.skateboardtricksrevealed.com/hph.php%3Fq%3Dblueschist-metamorphism%26page%3D5&usg=__BB59DihhhrepD0mrYviYFMVCE7c=&h=375&w=500&sz=66&hl=cs&start=8&zoom=1&tbnid=Zq5YdEAj1n6phM:&tbnh=98&tbnw=130&ei=xFykTd-MOMPZtAaxsJShBw&prev=/search%3Fq%3Dblueschist%26um%3D1%26hl%3Dcs%26biw%3D1276%26bih%3D818%26tbm%3Disch&um=1&itbs=1
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F) orogenni (regionalni) metamorfoza

- orogenni pasma (kontinentalni kolize)

- nékteré horniny se dostanou do vysokych PT podminek
- sttedni pomér P/T

- MP/LT-HT

- Chl-Bt-Grt-St-Ky-Sill

- série kyanit-sillimanit
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- sttedni pomér P/T
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http://www.google.cz/imgres?imgurl=http://www.marlimillerphoto.com/images/Met-17LR.jpg&imgrefurl=http://www.marlimillerphoto.com/Met.html&usg=__nsjD43CstULyyhT32fvdT0inp8M=&h=233&w=350&sz=69&hl=cs&start=8&zoom=1&tbnid=R4oS_17c-ozwJM:&tbnh=80&tbnw=120&ei=oF-kTfHJPOSU4ga_8cybCg&prev=/search%3Fq%3Dmigmatite%26um%3D1%26hl%3Dcs%26biw%3D1276%26bih%3D818%26tbm%3Disch&um=1&itbs=1

Sediments deposited on Sediments deposited on
continental margins - _ continental margins
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Increasing intensity of metamorphism
Low grade Intermediate grade

Increasing crystal size
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Increasing coarseness of foliation
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REGIONAL METAMORPHISM CHANGES ROCK TEXTURE

B  Diagenesis Low grade Intermediate grade High grade

Slate Phyllite Schist (abundant Gneiss (fewer Migmatite
micaceous minerals) micaceou |

Slaty cleavage



Low Grade (200°) Intermediate Grade High Grade (800°)
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orogenni metamorfoza
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Mene€ uzivane nazvy
1. Diaftoreza (retrogradni metamorfoza) T _—
*  polymetamorféza > . —

. posledni metamorfoza vyvolala pfeménu nizsiho
stupné nez metamorfni pochod piedchozi

2. Isofazova metamorfoza

. min. sloZeni se pfi metamorf6ze neméni:
. nékteré karbonatové horniny

. kifemence bez jilovitého tmelu

. nékteré ortoruly

3. Alofazova metamorfoza
. mineralni sloZeni se liSi od vychozi horniny

. vznik metamorfnich minerala




Men€ uzivane nazvy

5. Izochemicka metamorfoza

. chemickeé sloZeni se neméni

. pravdépodobné¢ u hornin metamorfovanych
kausticky (vypalenim)

. u ostatnich metamorfovanych hornin je jedinym

bezpenym  kritériem shoda chemizmu s
chemizmem nemetamorfovanych hornin, do nichz
metamorfovana  hornina  plynule  pfechazi
(kontaktni aureola)

6. Alochemicka metamorfoza

. chemické sloZeni metamorfované horniny je jine
neZ horniny vychozi

. dalezitym kritériem je pozorovani terénnich
vztahtl, napt. zmény chemismu zietelné zavislé na
vzdalenosti od kontaktu s vyvielym télesem apod.
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