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5. Fazova petrologie

Osnova:

o Zobrazeni sloZeni horninotvornych mineralii a
mineralnich asociaci

* Petrogenetickeé mrizky
e T-X a P-X rezy

» Fazove pravidlo

* Metamorfni reakce

* Anatexe

* Metasomatoza



e 1. Celkove chemicke sloZeni horniny (Zjednodusené)

kvarcity

kfemen-Zivcove horniny
metapelity

metabazity
vapenatosilikatové horniny
metakarbonaty

ultramafity

jiné chemické systémy (méné Casté)

jina oznaceni chemickych systémii:

cordierit-antofylitové horniny
zelezna formace

manganolity, smirky

kfemen-zivcove horniny
metapelity
ultramafity

SiO,
Si0,-Al,0,-K,0-Na,0-Ca0-H,0
Si0,-AL,0,-K,0-MgO-FeO-H,0
Si0,-Al,0,-Na,0-MgO-FeO-H,0
Si0,-Al,0,-K,0-Ca0-MgO-H,0
MgO-Ca0-Si0,-CO,-H,0
Si0,-MgO-Ca0-CO,-H,0

S10,-Al,0,-MgO-FeO-H,0O
S10,-FeO-Fe,0,-H,0

NASH, CASH a CKNASH
KMASH, KFASH a KFMASH
MS-H,0-CO,, CMS-H,0-CO,



Znazornéni chemického slozeni

mineraly — bodovy chemismus z elektronové mikrosondy
1) vahova procenta kysli¢niki/molekulovda hmotnost = molekularni proporce (kvocienty)
2) pocet atomil kovill na urcity pocet atomil O = kvocient kovu x (pocet at. O/suma kvocientti O)

napf. Slavik et al. (1972)

pomér poCtu moli = molarni zlomek soucet molarnich zlomk = 1

En MgSiO,=1 MgO + 1 Si0, MgO/(MgO+AI1203) = 1/1+1 =0,5

Prp Mg,Al,(S10,), = 3MgO + 1AlL,0, + 3810, MgO/(MgO+AI203+Si02) = 3/7
A1203 /(MgO+A1203+Si02) = 1/7

* dvoukomponentni system zndzornujici slozeni
olivinu
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Enstatit
(Ca 908 Mg | 539 F& 100 M 005 Cr 915 Al g o1 FE 1) (81| 975 Al 025 )0

enstatit  Mg,Si,Op

na6 O
SiO, 57,73 Si 1,972
TiO, 0,04 Al 0,028
ALO; 0,95 Al 0,01

o ow oo | Mg/(MgtFe)=0,94
ol sea 9| Mo/(MgHSi)=0,48

0,08 Mg 1,839
NiO 0,35 Ni 0,01
MgO 36,13 Fe2+ 0,102
CaO 0,23 Mn 0,002
Na,O - Ca 0,008
K,O - Na -
H,O+ 0,52 K -
H,O- 0,04
100,52 Mg 93,9
Fe 5,7

Ca 0,4
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Ternarni diagramy

Jak vynést hodnoty do
ternarniho diagramu:

a) zdrojova data XYZ
normalizujeme na 100%
b) vyneseme do diagramu:
Metoda €. 1 : 70% X, 20%
Y,a10% Z

50020 5 ¥
%Z

Ptfevzato z An Introduction to Igneous and Metamorphic Petrology, John Winter, Prentice Hall.



Metoda €. 2 : pro komponenty
0% X, 20% Y,a10% Z

Postup:

10 + 20 =30 = 100%
Y=20=67%
X=10=33%

Ptfevzato z An Introduction to Igneous and Metamorphic Petrology, John Winter, Prentice Hall.



Talc Xmgo =1

H,Mg;Si 04,

intersection of

H20 =1 talc phase vector

with the mole
MgO =3 fraction triangle
S102 =4

Sum = &

X0 =1 Xsio, = 1



Talc |
H2Mg3Sis0 12

unit vector phase vector

O—

4 Si02

mole fraction triangle



Bézneé uzivaneé ternarni diagramy
a) A(B)FM Diagram
(J.B.Thompson 1957)

Sillimanite

Muscovite Metapelity
A=Al 0,
B=K,O
F=FeO

M=MgO

K-feldspar

D S S A S AL S —p = A AW

Biotite

FIGURE 5-5
The ABFM projection
(after J. B. Thompson).



A q Sillimanite b) ACF Diagram (Eskola, 1900)
A=Al,05+Fe,0;-(Na,0+K,0)
C=CaO - 3,3 P205
F=MgO+FeO+MnO

1
Pelitic rocks

Plagioclase
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C il
Calcite Diopside

FIGURE 5-2 | . _
ACF diagram for mineral assemblages in quartzo-feldspathic gneisses and associated amphibo-

lites in an area of southwestern Quebec (data from R. Kretz, 1959, 1963). Stippled field not
recorded
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Kyanite g A c) AKF Diagram (Eskola, 1900)
A=Al,0;-(Ca0+Na,O0+K,0)
K=K,O

F=FeO+MgO+MnO

Muscovite

Almandine

cccc
........
........

. - .

.....
........
-----

a - . -
''''''
........

Biotite g

»

K
Microcline

FIGURE 5-3

AKF diagram for quartz-bearing pelitic rocks of the kyanite zone in Glen Urquhart, northeast-
ern Scotland. Data (from G. N. Francis, 1964) correspond to triangle 1 in Fig. 5-1. Stippled
field not represented.



Fazoveé pravidlo

systém O faze (Phase) > slozka (Component)
U U U
hornina mineral (s, 1, g) e.g. AL,O,

systém (hornina)

uzavieny - pies hranice systému muze byt premistovana energie ale ne hmota
otevieny - hmota a energie mohou byt pfemistovany pres hranice systému

faze - fyzikaln¢ oddélitelné Casti systému (pevne - mineral, kapalné¢, plynné)

slozky (komponenty) - ¢asti systému nutné k vytvoreni fazi, které chceme v systeému
uvazovat

- z hlediska faz. pravidla - nejmensi pocet chemickych jednotek potrebny k popisu
slozeni uvazovanych fazi

- hlavni slozky vice nez jedné faze (S10,, Al,O,, Cr,0,, Fe203, FeO, MgO, K,O,
Na,O, CaO, MnO, P,O,, H,0)



rovnovaha — nejstabilné;si usporadani atomii v systému, nastava kdyz je
systém v ur¢itych P-T podminkach dostatecné dlouhou dobu

rovnovazna asociace — pocet mineralu které mohou existovat stabilné
v rovnovaze ur¢en fazovym pravidlem

F=P-C+2
F — pocet nezavislych stupnili volnosti ¢ili po€et nezavisle proménnych
(Ize je nezavisle ménit aniz by se ménila stabilita mineralnich fazi v
systému)

proménne P, T, X (chemicke sloZeni fazi)

pi1 zméné P €1 T — koexistujici faze jiz nejsou v rovnovaze ==
metamorfni reakce



Priklad pouziti fazoveho pravidla

kfivka sublimace

| 1 _
0,0099 100




Priklad
F=C+2-P
C=1

221

0.06 |

0.008
Temperature (C)

374

P=1-voda
F =2 — dva stupné volnosti,

Je zde stabilni jen jedna faze voda teplota 1
tlak se mohou ménit nezavisle.

Bod B lezi na hranici mezi dvéma poli

P =2 —Led a para,

F =1 — jeden stupen volnosti

jestlize se zméni tlak zméni se zaroven teplota

P =3 —voda, para a led

F = 0 — zadny stupen volnosti

VSechny tf1 faze jsou v rovnovaze
(equilibrium). Jestlize se zméni jedna z
promeénnych systém se posune mimo bod T



e znazornéni — P-T diagramy

. pocet stupnu volnosti
. divariantni pole 2

. univariantni kiivka 1
. invariantni bod 0

Application of the phase rule to natural rocks

" N 1
I T T

i dusledek fazoveho pravidla:

9
) .\Q . /4 4 b 4
1 & mineralni asociace s velkym
~T+ Q T v 4 4 4 b
Sl KvanE f . poctem fazi bude mit jen
sl $ | malo stupnu volnosti, tedy
% 4T Invariant Point / S'-LIMANITE - rozsah podmlnek Za IlVlChZV B
=or 1 krystalizovala bude piesnéji
i“ | omezen a bude snadnéjsi jej
T A T v e 4 W I4 o
( ANPALUSITE N, - urdit na zakladg vysledka
200 400 600 800  AlLQ, Sio,
Temperature (°C)

experimentu

Fig. 2.1 a)Pressure—temperature diagram illustrating the stability fields of andalusite, kyanite and sillimanite, according
to Holdaway (1971) (see also Fig. 3.12). 4) Compositional diagram showing the compositions and stable relationships
between corundum (COR), wollastonite (WOQ), grossular (GR), anorthite (AN), quartz (QZ) and Al-silicate (ALS) in the
system Ca0-5i0,-A1,0;, for some arbitrary pressure and temperature. Only phases directly connected by tie-lines can
coexist. Unless lying exactly on a tie-line, any bulk composition in this system will crystallise as a three-phase mixture
according to which triangular field it lies within.



Fazove pravidlo v metamorfovanych horninach
Mame jednoduchy systém (C=2), MgO-H,O

— V systému mohou vznikat tyto faze periklas (MgQO), voda (H,0), a brucit
(Mg(OH),)

— muze zde probéhnout tato reakce:

B
A
MgO + H,0 — Mg(OH), \
Per + Fluid = Bru % \
Jde o retrogradni reakci, 03l \

protoze se teplota sniZuje a
hornina hydratuje.

F(T,P,X):C+2—P

Pressure (GPa)
o
]

Periclase |
A) Per+H,0 = 2 = 2422
0.1
B) Per + Fluid + Bru =1 = 2+2-3
0 e 1 I 1
Winter (2001). An Introduction to Igneous and 200 300 400 200 600 700

Metamorphic Petrology. Prentice Hall. Temperature (°C)



Petrogenetické mrizky - definice

shrnuti moznych invariantnich bodii a mezi nimi leZicich reakci v ur€eném
chemickém systému

zaloZeny na experimentech, nebo termodynamické vypocCty

moznost umisténi

SO , . , , 2.0 T \ 1 II} LK :-.J T
zjiSténych mineralnich g \\ J % g /2 J
. 7 8L Er.‘v% ol Sl B 5 U]
asociaci do =y ) g B ]

o o o Tle Mg-cig u'\.. \ 1
specifickych P-T poli b w&E— N\ | :
. = Brcn - ' T A i g
1ze sledovat vyvoj 4 -
horniny v P-T dle s ]
. o g

pozice pozorovanych |
reakci g S|
7 7 J4 . 11’_

odpovidajici celkové > -
v ’ . il
sloZeni hornin 06 oe? |

Mg-Crd Kis
0.4 =

Bt AlS
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L neﬁgim-lz 13T . Wy R
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Figure 28-2. Petrogenatic grid for the system KFMASH at P, = P,.,. Orange curves represent the system KFASH and purple curves represent the system KMASH.
Reactions are not balanced, and commonly leave out quartz, muscovite, and water, which are considered to be present in excess . Typical high, medium, and low
PT metamorphic field gradients are represented by broad pink arrows. After Spear and Cheney (1989), and Spear (1998).



rock type
quartzite
quartzite
metabauxite

iron formation
siliceous bauxite
metaperidotite
haplogranite

iron formation
carbonated BIF
limestone
whiteschist
metabauxite

dry metaperidotite
haplogranite
metagranite

dry metabasalt
siliceous dolomite
haplopelite
metaperidotite
metabauxite
metapelite
metagranite
haplo-amphibolite
amphibolite

most rocks

Rocks as Chemical Systems

system

SiO2

SiO2 - H20

Al20O3 - H20

FeO - SiO2 - H20

Al2O3 - SiO2 - H20

MgO - SiO2 - H20

KAISi30s - NaAISi30s - SiO2

FeO - SiO2 - H20 - O2

FeO - SiO2 - CO2 - H20

CaO - SiO2 - CO2 - H20

MgO - AlROs3 - SiO2 - H20

K20 - Al203 - SiO2 - H20

CaO - MgO - Al2Os - SiO2

KAISi308 - NaAlSi30s - SiO2 - H20
K20 - Naz20 - Al20s3 - SiO2 - H20

CaO - FeO - MgO - Al2O3 - SiO2

CaO - MgO - SiOz - CO2 - H20

K20 - FeO - Al203 - SiO2 - H20

CaO - MgO - AlOs3 - SiO2 - H20

K20 - Naz20 - Al2O3 - SiO2 - H20

K20 - FeO - MgO - Al203 - SiO2 - H20
K20 - Na20 - Al203 - SiO2 - H20

CaO - FeO - MgO - Al2Os - SiO2 - H20
Na20 - CaO - FeO - MgO - Al2O3 - SiOz2 - H20

K20 - Na20 - CaO - FeO - MgO - Al203 - SiO2 - CO2 - H20 - O2

system acronym
S

SH

AH

FSH
ASH
MSH
KNAS
FSHO
FSCH
CSCH
MASH
KASH
CMAS
KNASH
KNASH
CMFAS
CMSCH
KMASH
CMASH
KASH
KFMASH
KNASH
CFMASH
NCFMASH



System Fo - [
Vliv celkového
chemického Equilibriurm crvstallisation of 2
loZeni >m
slozeni systemu ot -
T Liquil
——————————————— 1500
1392 s 5
1388 Fath
E
i dh - S ioe Fae
0 ¢z 100 Diopside Forsterite
Fractional melting of %
Temp o Lz
Lgrsnt 1390
1290 IMelting: Fo= L3
T
Pwe Fo,s0d | | AT Toommmmee= 1500
1392
. Euk
1388 Melting starts: Di+ Fo=L1  |13588 E e omycskion
L1 extracted instantaneansly e of reridu 2
Ilelting ¢ ombnue s yntil Tri P
exhausted, residue comprises
pure Fo, and melting ceazez,
Diopside W Forsterite
Under completely equilibrivtn conditions, melting and crvstallization
followr exactly reversible paths. Under nonequilibrium (eg fractional
melting, crystallization) conditions, this 15 no longer frue.




Stabilita mineralni asociace je zavisla zeyjména na tlaku, teploté a chemickém

slozeni systému

liquid

Temperature

L’ XMg

[zomorfni miSeni mezi koncovymi
Cleny olivinu fayalitem (Fe,Si10,) a
forsteritem (Mg,Si10,).

Temperature

=

liquid




ULTRABAZICKE HORNINY

Pro zobrazeni ultrabazickych hornin je vhodny systém MgO - H,O - SiO,
V téchto horninach se muzeme setkat s mineraly:

forsterit: Mg2SiO4

brucit: Mg(OH)2

mastek: Mg3Si4012H2
antofylit: Mg7Si8024H2
antigorit: Mg6Si40O18H8
enstatit: Mg2Si206

Krajni body trojuhelniku tvori:
periklas: MgO

kfemen: SiO2

voda: H20

H20

\

MSH diagram

=f== Rovina molarniho zlomku
—— Fo
—e— Brc
—a— En
—A— Tlc




system component

pseudobinary system

colinearity
degeneracy ternary system
MgO binary system Si0O,
Per Fo En
, + H20
Per, Brc Fo Atg EnTTIc
Ath - X
| MgO

1 0.66 0.5 0.43
0.57 0.46




Celkove¢ slozeni horniny a petrogeneticka mrizka

—~ 15 l
2 §
—
= i
0}- .
- .
5| i
oL e :
300 400 500 ' 900 1000

petrogenetickd miizka pro systém SiO,-MgO-H,O pro metamorfované ~ T(®C)
ultrabazické horniny



ACF diagram

ACF diagram se uziva pro bazicke horniny

Vahova procenta jsou prevedena na molarni ekvivalenty. Provedou se korekce
na mineraly s kterymi se v diagramu nepocita (apatit, titanit, ilmenit). Tyto
korekce nemaji na vysledek podstatnéjsi vliv:

A =AlLO; + Fe,0; - Na,O - K,O
C =CaO0 - 3.3 P,Oq
F =FeO + MgO + MnO

« Pf1 vynaSeni koncovych ¢lentt mineralt postupujeme takto:

* Anortit CaAl,S1,04

« A=14+0-0-0=1,C=1-0=1,F=0

* celkem 2,=provedeme normalizaci na 1 a vysledkem pak je:
A=0.5
C=0.5
F=0



A

Andalusite, Kyanite, g Sillimanite, Pyrophyllite, Muscovite

Ehlers a Blatt (1982). Petrology.
Freeman. And Miyashiro (1994)
Metamorphic Petrology. Oxford.

Margarite Staurolite

Anorthite,| Lawsonite,
umontie

Epidote, Zoisite,
Scapolite

Prehnite

Chiloritoid, Cordierite

Grossular,
Andradite

C

Calcite, Wollastonite Diopside-  Tremolite-Actinolite  Talc, Cummingtonite,

Hedenbergite Orthopyroxene



1) horniny — celkovy
chemismus ze silikatove
analyzy

korekce 1. - odpocet
FeO, Fe,O,, CaO

v akcesoriich (Mt, Iim,
1tn)

2) vahova procenta
kysli¢niki/molekularni
hmotnost =
molekularni proporce
(kvocienty)

korekce 2. — odpocet
3,3xP,0; (Apa) od CaO
a Na,O+K,0 od
Al,O;+Fe, 0,

amfibolit

S10,
Ti0,
AlLO;
Fe,04
FeO
MnO
MgO
CaO
Na,O
K,O
H,O+
H,O-
P,0O5
CO,

Suma

hm %
(wt %)
48,09
1,57
15,16
2,92
9,22
0,21
7,24
10,35
2,65
0,93
1,44
0,24
0,22

99,74

molekulova @ molekularni

hmotnost

60
80
75
160
72
71
40
56
62
94

142

kvocient
0,8
0,02
0,2
0,02
0,13
0
0,18
0,18
0,04
0,01

A,CF

0,22-0,05

0,31

0,18

A

B

C

=26

=47

=27

100




ACF diagram, pro urcité PT podminky (kyanitova

z0Ona)

Turner (1981).
Metamorphic Petrology.
McGraw Hill.

A

» Kyanite
Muscovite

Plagioclaseg

Grossularite

Calcite Diopside Tremolite-Actinolite



AKF diagram

Protoze peliticke sedimenty maji vysoke obsah
AlL,O;, K O, a naopak nizké obsahy CaO navrhl
Eskola diagram ktery K,O obsahuje AKF

F =FeO + MgO + MnO



A

Kyanite, Andalusite, & Sillimanite

Ehlers and Blatt (1982).
Petrology. Freeman.

Ideal
= Staurolite

Chloritoid, Cordierite

Almandine

K-feldspar Anthophyllite, Opx



Zobrazeni Ctyr-komponentniho systému

V systému ABCQ zobrazime slozky:
— X (ABCQ) :
~ Y (A;B,CQ) 4

Winter (2001) An
Introduction to Igneous
and Metamorphic

Petrology. Prentice Hall. B



Promitnuti bodi X a 'Y pies vrchol
Q. SloZeni v jednotlivych polich pak
bude:

(Q)-B-X-C
(Q)-A-X-Y
(Q)-B-X-Y
(Q)-A-B-Y
(Q)-A-X-C

Aa

bod X = X' v diagramu A:B:C =

1:1:1=33:33:33
bod Y=Y'v diagramu A:B:C =
2:2:1 =40:40:20

oO



A(K)FM Diagram

A =AlL0O,
K=K,0
F =FeO
M = MgO




Mineraly

V metapelitech 3 min. obsahuji K,O (Ms, Bt, Kfs)
Almandin: Fe; Al, [Si0,]; - Granat: A%*, B3*, [SiO,];
Muskovit: K Al, [S1;A10,,] (OH),

Flogopit: K Mg, [S1;A10,,] (OH),

Chlorit: (Mg, Fe); [(S1, A1),O,,] (OH), (Mg, Fe), (OH),
Albit: NaAlS1;0q

Draselny zZivec: KAIS1,04



» Jednotlivé mineraly jsou promitany
pres vrchol K (Mu nebo Kfs)

A = Al O; - 3K, 0 (promitani pies Ms)
= Al,O; - K,O (promitani pfes Kfs)

F =FeO

M =MgO

Thompson (1957). Am. Min.
22, 842-858.
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* Muskovit: K Al, [Si;AlO,,] (OH),
* do teplot kolem 750°C
 K:Al1:3

KO

K-Feldspar

Muscovite



Biotit (Ms): KMg,FeSi;AlO,,(OH),

10
A=05-305=-1 % 2
F =1 é "
M =2 E 05
1.0/2+1-1)=1.02=0.5 =
A=-05 >0
ESF L
F=0.5 &
M= 1 5 L
e f
Asillimanite 5" -0.5 :

+ Ms AL

staurolite

+ Qtz

Kfs l MgO

almandine

FeO + Mgo (Mole)

K-feldspar



Almandin: Fe; Al, [Si0,]; - Garnat: A%*, B3*, [SiO,];
Muskovit: K Al, [S1;A10,,] (OH),

Flogopit: K Mg, [S1;A10,,] (OH),

Chlorit: (Mg, Fe); [(S1, Al),O,,] (OH), (Mg, Fe), (OH),
Albit: NaAlS1;0q

Mineral
1) oxidy ptfepocitat na molarni hmotnostni kvoc. a na procenta (celek 100%)
2) F= X FeO
3) M =X MgO (1-XFeO)
A =St =(A1203)/ (A1203+FeO+MgO);
Bt = (A1203/2) — (3*(K20/2)/((A1203/2)+ FeO+MgO) — (3*(K20/2))



Pyrophyllite Andalusite

Kyanite Sillimanite ALD

Staurolite

Chloritoid Cordierite

Garnet Chlorite

stilpnomelane

S
Fe(

Biotite
<.

K-Feldspar at Infinityl

MqO



* Draselny zivec: KAISi;Oq4
« od teplot kolem 750°C
 K:All:l

Ag An A2 And or Si




 Hornina

« 1) oxidy prepocitat na molarni hmotnostni kvoc. a na procenta (celek 100%)
* nutna korekce na plagioklas

« 2)F=XFeO

« 3)M=XMgO (1-XFeO)

¢« 4)A=(AI203 - 3*K20-Na20)/(Al1203- 3*K20-Na20+FeO+MgO)

Fig. 4 K20 Al203 - 3K20

Projection plane



Chlorite

V metapelitu o
vyznadeném chemickém | Garnet
slozeni bude stabilni
mineralni asociace

|ili
GI’t—l—B t—|—Ch1 |I ||| ||J] i |||II:I:|I|||I
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AFM (+ mu + g + H20)

P-X a T-X fezy
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e pouzivaji se k zobrazeni
fazovych zmén v horninach
s riznym chemickym
slozeni za konstantniho
tlaku nebo teploty.
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PT fezy (pseudosekce)

gsilbi |

 PT rezy jsou PT diagramy
konstruovany pro urcité
chemické slozeni systému
(horniny)

 PT rezy zobrazuji pole
stability mineralnich
asociacli, ktere v dane
horniné o daném
chemickém sloZeni skute¢né
probihaji systém

* Petrogenetické mrizky totiz zobrazuji pouze univariantni reakce
a prostor mezi nimi je reprezentovan teoretickymi poli stability
odpovidajicich divariantnich mineralnich asociaci.



I. Metamorini reakce

A) Diskontinualni 2.0
Univariantni reakce -
©
o
zanik mineralu nebo minerdlni S 1.2
asociace a krystalizace = 95’
stabilizace nové % 0.8
rovnovaha reaktantd a produkti &
jen na univariantni kiivce L
200 400 600 800
® NaAlS1,O¢ + Si0, = NaAlS1;04 Temperature °C
Id Qtz Ab
.+ MgSiO, + CaALSi,0, = CaMgSi,O, + ALSiO;
En An Di And

« 4 (Mg,Fe)SiO; + CaAl,Si,0, =(Mg,Fe);Al,S1,0,, + Ca(Mg,Fe)S1,0, + S10,
. Opx Plag Grt Cpx Qtz



terminalova reakce

reaktant €1 produkt 1
faze (1 faze zmizi nebo
se v systému naopak
objevi)

Cld
Grt+St+Chl

kfizeni spojovacich linii
reaktant a produkt 2 b)

féze +S102

Grt + Chl
St + Bt




 Reak¢ni korony

 vznikaji kolem minerall, ktere jsou v mineralni asociact dan¢ horniny
nestabilni. Pravé korona uchranila tento mineral pred preménou.

1) Korona vznikla mezi plagioklasem a amfiboly obklopujicimi plagioklasové zrno.
Rovnobézne a zktizené nikoly



Garnet + Chlorite + Muscovite = Staurolite + Biotite + Quartz + H,O

Pressure kbar

-
o

Temperature °C

650

750




Staurolite Isograd? - enly in reck s with com position x

Garnet + Chlorite + Muscovite =
Staurolite + Biotite + Quartz + H,O

K -spar K-gpar



staurolite = garnet + biotite + AI12SiO5

12

Pressure kbar
-—
O

350 450 550 650 750
Temperature °C



kyanite |segrad
P

staurolite = garnet + biotite + AI2SiO5

A
K yanite _

+ Quartz
« Muscovite

Staurolite -l'"l
A0

K-spar K-spar
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 staurolite = garnet + biotite
+ AI2S105 (sillimanite)

Plane polarized light digital image showing
extensively resorbed Staurolite rimmed by
sillimanite and biotite




B) Kontinualni reakce

Divariantni reakce
— Chl + Ms + Qtz - Grt+ Bt+ H,O
— Chl +Cld + Qtz —» Grt+ H,0

Temperature

0 Mg / (Fe + Mg) 1



v'méni se chemické slozeni zucastnénych minerald (vzajemna konzumace)

= béhem divariantni reakce nevznikad zadny novy mineral

1900

o
=)
©
(]
o
£
@
1700
o
I o
0 Mg / (Fe + Mg) 1
1500 Isobaric T-?( phase diagram at
atmospheric pressure After Bowen
and Shairer (1932), Amer. J. Sci.
Sth Ser., 24, 177-213. Winter (2001)
An Introduction to Igneous and
Metamorphic Petrology. Prentice
1300 Hall.
1205 [

Fa 20 40 60 80 Fo
Wt.% Forsterite



kontinualni reakce - nejcast€)Si substituce FeMg

posun dil¢ich trojuhelnikit s ménicimi se P-T podminkami k vrcholu F ¢i M
Xye = Mg/(MgtFe) pro mineraly rizné (rtizna preference v ruznych mtizkach)

Crd Chl Bt Cld St Grt
X > X > Ryg o > Ryg 0> K™ > Ky
(viz pozice v AFM)

Mg

Ky

Cid

Fe-Grt + Ky
Fe-Cld

T-X,, diagram pro kontinualni reakci Cld = Grt + Ky | , |
0 0.2 04 0.6 0.8 1
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Garnet
Chiorite Chilorite

Garnet
Chlorte

Hiotie LY A —* Biotite N i —* Elotite iy

Increasing grade

 Hornina ma slozeni: Qtz+Ms+Bt+Chl

-
* Chl+ Qtz => Grt + Mg- Chlorit + H,O Chiorite = Atz




MgSiO; + CaFeSi,O, = FeSiO; + CaMgSi,0
Annite + Pyrope = Phlogopite + Almandine
 Mg-Fe substituce

e oba mineraly maji Mg a Fe komponentu = geotermometry

a. T»500°C
K, = 0.14

b. T»800°C

AL, K, = 0.34

AlL,O,

MgO MgO

Biotite Biotite
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Fig. 25-13a. Chemical zoning profiles across a garnet from the Tauern Window. After Spear (1989)



C) Devolatiliza¢ni reakce
(dehydratacni a dekarbonacni reakce)

* pro v&tSinu hornin postacuje system H,O-CO,

Temperature °C

D
(=]

0.2

0.4

P, =P, =05GPa

0.8

1.0

Pro karbonatovi
horniny jsou dilezite
dekarbonacni reakce

CaCO, + Si0, =
CaSiO; + CO,



 dehydratacni reakce (typicka pro metapelity):

* KAILS1;AlIO(OH), + SiO, = KAIS1;04 + ALS10; + H,O

. Ms Qtz Kfs Sill W

«  zavisina parcialnim tlaku H,O (py,0)

H,0-CO, system [XH,0 = H,O/(H,O + CO,)]

fluidni faze muze obsahovat take dalsi podstatné slozky (F, CI, B)

_ 1-0

0.8
_ ©
Kfs + ALSIiO, + H,0 &
o = 06
© eo00l 2
o =
= ?
5 o
] O 04
g 400}
k)
0.2
200 |-
0.0 0.2 0.4 06 0.8 1.0 200 400 600 800 1000
XHaC' Temperature °C



D) Oxida¢né€ — redukc¢ni reakce

Isobaric T-f, diagram showing the
location of reactions (26-13) - (26-
15) used to buffer oxygen in
experimental systems. After Frost
(1991), Rev. in Mineralogy, 25,
MSA, pp. 469-488.

60
200 400 600 800 1000
Temperature °C



I1. Anatexe (nataveni)

g o G s

# proces na rozhrani magmatickych
" a metamorfnich procest, reakce
produkujici novou fazi — taveninu

zacCatek taveni, mnozstvi a slozeni
taveniny zavisi na: P, T, X (sloZeni
P protolitu), obsahu a sloZeni fluid
(water-saturated VS. fluid-
absent)

nejnizsi T taveni — vodou nasyceny
granit (625 C/5 kbar)

solidus bazickych hornin za
prebytku H,O —cca 650 C (P=6
kbar).

pi1 dehydratacnim taveni

produkovan s taveninou Kfs +
Opx, Grt, As



Some textures of
migmatites.

From Mehnert (1968)
Migmatites and the

Origin of Granitic
Rocks. Elsevier.

Simplified P-T phase diagram and b. quantity of melt generated
during the melting of muscovite-biotite-bearing crustal source
rocks, after Clarke (1992) Granitoid Rocks. Chapman Hall,
London; and Vielzeuf and Holloway (1988) Contrib. Mineral.
Petrol., 98, 257-276. Shaded areas in (a) indicate melt generation.
Winter (2001) An Introduction to Igneous and Metamorphic
Petrology. Prentice Hall.
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I11. Metasomotoza

Petrogeneticky pochod, pri
némz dochazi k vyménnym
reakcim mezi latkami
piinaSenymi z vn¢jSich zdroju
a latkami puvodnimi,

magma) a mineraly v ptvodni horniné.
- Postihuje: karbonatove horniny (skarny), ultrabazika (rodingity)
- Lokélni rovnovahy

N¢ktere mineraly reaguji s fluidy a vznikaji nové mineralni faze
+2 KAIS1;,04 + 2 H" + H,O = AL,Si,0, (OH), + Si0, + 2 K*
Kfs voda kaolinite



"Granodiorite"

Ca =« _ s

Zonation in an experimental skarn formed at the contact between granodiorite and limestone at 600°C, P, .. = 0.1 GPa (X, = 0.07).

After Zharikov, V.A. and G.P. Zaraisky (1991) Experimental modeling of wall-rock metasomatism. In L. L Perchuck (ed.), Progress in
Metamorphic and Magmatic Petrology. A Memorial Volume in Honor of D. S. Korzhinskii. Cambridge University Press. Cambridge, pp.
197-245. Photo courtesy G. Zaraisky. Winter (2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.
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