


3. Metamorfoza a metamorini facie

Osnova:
o Metamorfni zony, indexove mineraly izogrady
* Metamorfni facie

* Geotektonicka pozice metamorfozy



1. Metamorfni zony, indexové mineraly izogrady

Diagnostické mineraly

e pritomnost nékterych mineralt, jak v podstatném tak akcesorickém mnozstvi nam
muze indikovat urcité metamorfni podminky nebo specifické chemické sloZeni

* jejich pouZiti v ndzvu horniny ndm muize rychle poskytnout dulezitou informaci
« napriklad stauroliticky svor dosahl teplotnich podminek negméné 550 C

e termin metamorfni zona byl zaveden Barrowem (1893)
v metapelitech oblasti Dalradian ve Skotsku

* podle zvySujiciho metamorfniho stupné vstupuji dalsi (indexovy) mineral:

» chlorit — biotit — granat — staurolit — kyanit — sillimanit

» stfednétlakd metamorfoza

« pozdéji byla zjiSténa v oblasti Buchan ve Skotsku jina posloupnost mineralu:

> biotit — cordierit — andalusit — sillimanit

> nizkotlaka metamorfoza



2. Metamorfni facie

» Eskola (1915) odvodil koncept metamorfnich facii (bazickeé horniny):

» 1) Metamortfni facie zahrnuje horniny, které byly metamorfovany za
steynych podminek.

» 2) Jestlize horniny stejného chemického slozeni jsou tvoreny stejnymi
mineraly, pak nalezi jedné facii.

» 3) Podminkou je aby hornina byla v rovnovaze s metamorfnimi
podminkami (retrogradni met.).



George Barrow (1893, 1912). Scottish Highlands,

mapoval prvni vyskyty porfyroblasti minerall v metapelitech
jako zony: chlorite, biotite, garnet, staurolite, kyanite,
sillimanite.

U. Grubenmann (1911) Die Kristallinen Schiefer:
epizona — melkeé pohrbeni, (zelené bridlice)
mesozona — stredni hloubka pohrbeni, (amfibolity)
katazona — hluboké pohrbeni, (granulity)

Cecil E. Tilley (1925): definoval zony indexovych minerald
jako izogrady (tedy linie o stejné teplote)



* Metamorfni zony,

e Termin metamorfni zona byl zaveden Barrowem (1893) v metapelitech oblasti
Dalradian ve Skotsku. Podle zvySujiciho metamorfniho stupné vstupuje do horniny
dalsi (indexovy) mineral
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Chlorite zone. Pelitic rocks are slates or phyllites and typically contain
chlorite, muscovite, quartz and albite

Biotite zone. Slates give way to phyllites and schists, with biotite, chlorite,
muscovite, quartz, and albite

Garnet zone. Schists with conspicuous red almandine garnet, usually with
biotite, chlorite, muscovite, quartz, and albite or oligoclase

Staurolite zone. Schists with staurolite, biotite, muscovite, quartz, garnet,
and plagioclase. Some chlorite may persist

Kyanite zone. Schists with kyanite, biotite, muscovite, quartz, plagioclase,
and usually garnet and staurolite

Sillimanite zone. Schists and gneisses with sillimanite, biotite, muscovite,
quartz, plagioclase, garnet, and perhaps staurolite. Some kyanite may also
be present (although kyanite and sillimanite are both polymorphs of
Al,S10y)



Pentii Eskola (1914, 1915) horniny o podobném chemickém slozeni v okoli Osla
a Oryjarvi maji odliSné mineralni asociace
Reakce:
2 KMg,AlS1,0,,(OH), + 6 KAIl,AlS1,0,,(OH), + 15 S10,
Bi1 Mu Q
=3 Mg,Al,S1,0,4 + 8 KAIS1,04 + 8 H,O
Crd Ksp Bi
Co
Oslo: Ksp + Cord Vv Ksp
Oryarvi: B1+ Mu W

T

Eskola (1920) : metamorfni facie na bazickych horninach (5 zakladnich)
Greenschist, Amphibolite, Hornfels, Sanidinite, Eclogite

Eskola (1939) : Granulite, Epidote-amphibolite, Glaucophane-schist, (Blueschist)



Metamorfni facie

Definice: Je to soubor metamorfnich mineralnich asociaci, opakujicich se v prostoru
a Case tak, ze existuyje konstantni a proto predpovéditelny vztah mezi
mineralogickym sloZenim, chemickym sloZenim horniny a stupném metamorfézy.

Metamorfni facie byly definovany na metabazitech.

Typy metamorfnich facii: 1)zeolitova, 2) prehnit-pumpellyitova, 3) modrych
biidlic — glaukofan, 4) eklogitova - granat + omfacit, 5) zelenych btidlic - chlority,
aktinolit, 6) epidot-amfibolitova, 7) amfibolitova, 8) granulitova - ortopyroxen

Facie

Diagnostické mineraly v mafickych horninach

zeolitovd
prehnit-pumpellyitova
modrych bfidlic
eklogitova

zelenych bfidlic
epidotickych amfibolitl
amfibolitova

granulitova

zeolity

prehnit + pumpellyit

glaukofan + lawsonit nebo epidot (+albit +/-chlorit)

granat + omfacit

chlorit + albit + epidot (nebo zoisit) +/- aktinolit

plagioklas (albit-oligoklas) + hornblend + epidot +/- granat
plagioklas (oligoklas- andezin) + hornblend +/- granat
ortopyroxen (+ klinopyroxen + plagioklas +/- hornblend +/- granat
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pelity mafické horniny necisté dolomitické mramory

biotitova zéna facie zelenych bfidlic mastek
granatova zona L _

: facie epidotickych amfibolith _ o
staurolitova zéna tremolit - aktinolit
staurolit-kyanitova zéna . . L

T -~ amfibolitova facie S T
sillimanitova zéna . diopsid
sillimanit - K-Zivcova z6na granulitova facie | diopsid, forsterit
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3) Geotektonicka pozice jednotlivych typu

metamorfoz
W Franciscan Great Valley | 3
Complex Sequence Slerra Nevada

Zone of Franciscan
Facles Series
(High P, Low T)
Metamorphism

Zone of Contact Buchan
& Barrovian Facies Series
(High P&T) Metamarphism

W

After Raymond (1993)



Miyashiro (1961) rizné sekvence metamorfnich facii v riiznych tekt. prostiedich:
1. Contact Facies Series (very low-P)

2. Buchan or Abukuma Facies Series (low-P regional)

3. Barrovian Facies Series (medium-P regional)

4. Sanbagawa Facies Series (high-P, moderate-T)

5. Franciscan Facies Series (high-P, low T) !
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Série metamorfnich facii

v'vysoky pomér P/T (Zeo —PP —
Blue — Ecl) — serie glaukofan-
jadeit Sanbagawa

v'stiedni pomér P/T (Gre — Epi
A — A - G) — série kyanit-
sillimanit barrovienska

v'nizky pomér P/T - (Gre — A —
G) — série andalusit-sillimanit
Abukuma (Buchan)
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Kontaktni metamorfoza

Low-grade hornfels Nizky P/T
Unmetamorphost. Sl Pluton (andalusit-sillimanit)

sediment

Intermediate hornfels

£ 1) Maly rozsah (zavisi hlavné
g_ na velikosti magmatického
5 télesa)
: 2) Caste projevy
EY I metasomatozy (kontaktni
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Velikost a intenzitu kontaktni

metamorfozy ovliviuji:
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Facies Series: Low Pressure, High Temperature
CONTACT METMMDRPHISM

| 1) Kontaktni metamorfoza
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Subdukce

Ryoke-Abukuma metamorphic belt
Sanbagawa metamorphic belt
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Scale, km
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» Teplota 600°C je na strané subdukcniho ptikopu v hloubce
100 km a pod vulkanickym obloukem v hloubce kolem 20
km

Volcanic Front Secondary chain
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Metamorfoza vysokotlaka

Vysoky P/T (glaukofan-jadeit)

Ryoke Belt (na stran€ ke kontinentu)

Dominantni metapelity
metamorfované az do sillimanitove
zony.

Vysoko az sttedné-teplotni a
nizkotlakda met. (HPMT)

Hojné granitické intruze.

Asia E 1-,:-"
ok > I North America £
= 5 {z, lapan -\ orth merica, ¢
3 - \ o
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Pacific T P
r y Ocean
2 '_ South
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Australia
p.  New 3 °
6}- Zealand 6 .’
! 3
=s=s= High-P metamorphic belt
w— [ ow-P metamorphic belt

Sanbagawa Belt (na stran¢ k oceanu)

Hojné bazické horniny metamorfované ve
facii zeolitové az amfibolitové, casté
blueschists (glaukofan),

Metapelity dosahly jen granatové zony.
Vysokotlaka nizkoteplotni met. (HPLT)
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* Na jedné strané je zona Ryoke-Abukuma
charakterizovand nizkym tlakem a vysokou

Facies =enes: High Pressure, Moderate Temperature
. SANBAGAWA FACIES SERIES
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teplotou.

* Na druhé strané Sanbagawa zona pro niz je
charakteristickd nizkad teplota a vysoké tlaky.

Vyznacuje se parovym usporadanim zon.

e 4) Metamorfoza typu
Sambagwa je znama ze
subdukcnich zon.

Ryeke Abukuma Bekt
(HighP&T)

Sanbagawa Belt
(High P. Low T)

Japan Sea

Pacific Ocean

After Mivashire (1961)




Pressure, kb (GPa)
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* 5) Franciska metamorfoza jde o
vysokotlakou metamorfozu
typickou pro subdukcni zony
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Kontinentalni kolize (Himal3je)
The Archetypal Continental Collision: India—Asia

E A plate boundaries, Zulls, mantle earthguakes, slip rates, warm mantle
mmiyr
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Fig 20a India has collided with Asia Fig 20b Collision has pushed up the Himalayas and T ibet
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" Facies Series: Med Pressure, High Temp Kysnite —Sillimanite type
BARROVIAN FACIES SERIES

After Yardley (1989

[
16 (16) Appgrent geothermal /
gradient: 20 -40°C/km ol
14 (143 - b
Amphiholite
= — 40
E“IEI:'I 2]
&
gmﬂ 07 Frebntes _ L =0
i FPumpellyite Granulite
0508 4
=
i — 20
m 60E 4
o
4 10.4) ‘éenlite Lo
202 -
100 EIIIIIII 3IIIIIII 4E;III SIEIIII EII:IIII T-'EIII:I EE:IIIII EIIIIIIII 1000
Temperature (°C)

» 3) Barrovienska metamorfoza
je strednétlaka regiondini
metamorfoza k niz dochazi
behem kontinentalni kolize.
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Regionalni - orogenni pasma

MP/LT-HT barrovienska metamorfoza
Chl-Bt-Grt-St-Ky-Sill

» série kyanit-sillimanit, stiredni pomer P/T

sed. bridlice = bridlice = fylit = svor — rula

» Chloritova zona: (chlorit, muskovit, kfemen, albit)

» Biotitova zona: (biotit, chlorit, muskovit, kiemen, albit)

» Granatova zona : (almandin, biotit, chlorit, muskovit, kifemen, albit nebo oligoklas)
» Staurolitova zona : (staurolit, biotit, muskovit, kfemen, granat a plagioklas)

» Kyanitova zona. (kyanit, biotit, muskovit, kiemen, plagioklas, granat a staurolit)

» Sillimanitova zona. (sillimanit, biotit, muskovit, kiemen, plagioklas, granat a nékdy
staurolit)
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P(GPa)

TIME 1 A hot-spot volcano | |Rivers transport Subduction consumes
erupts lava. sediment to the sea. oceanic plate.
Lava erodes, Sediment is deposited
/lpmdua:ing sediment. in a passive margin.

| B |
e e
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Rising magma
brings material 2
up from mantle. =50~

i Plume brings u
™ deep-mantle rock.
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ophiolite soles
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At point C, temperature = 800, pressure = 7,000 atm
(amphibolite conditions)

At point B, temperature = 300,
pressure = 7,000 bars (blueschist

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



