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1. Metamorfoza metapelitu
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6. Kontaktni metamorfoza pelitu



1. Celkove chemicke sloZeni horniny (Zjednodusene)

- kvarcity S10,

: kfemen-Zivcoveé horniny S10,-A1,0,-K,0-Na,0-CaO-H,0
: metapelity S10,-Al,0,-K,0-MgO-FeO-H,O
- metabazity S10,-Al,0;-Na,0-MgO-FeO-H,0
- vapenatosilikatove horniny ~ S10,-Al,0,-K,0-CaO-MgO-H, 0O
- metakarbonaty MgO-CaO-CO,-H,0

- kifemité dolomity MgO-Ca0O-Si10,-CO,-H,0

- ultramafity S10,-MgO-Ca0O-CO,-H,0

jin€ chemické systémy (méné Caste)

- cordierit-antofylitové horniny S10,-Al,0,-MgO-FeO-H,O
- zelezna formace S10,-FeO-Fe,0,-H,0

- manganolity, smirky

jina oznaceni chemickych systémii:

- kfemen-zivcove horniny NASH, CASH a CKNASH

- metapelity KMASH, KFASH a KFMASH
- ultramafity MS-H,0-CO,, CMS-H,0-CO,



* kaolin, smektity, illit, chlorit, primés muskovitu, kfemene, organickych latek, hematitu,

2. Pelitické sedimenty

Puvodni hornina pelit (jilovec a jilové bridlice):

limonitu, pyritu, karbonatu

- Si0,-AL0,-K,0-MgO-FeO-H,0

« Chemicky systém KMASH, KFASH a KFMASH

and Metapelites

Table 28-1. Chemical Compositions* of Shales

1 2 3 4 5
Si0, 647 | 640 | 615 | 659 | 56.3
TiO; 0.80 | 081 | 087 | 092 | 1.05
Al,0; 770 | 181 | 186 | 19.1 | 20.2
MgO 28 | 285 | 381 | 230 | 323
FeO 569 | 7.03 | 100 | 6.86 | 838
MnO 025\ 0.10 0.18
Ca0 @ 154 | 081 | 017 | 1.59
Na,0 113 | 164 | 146 | 085 | 1.86
) 396 | 386 | 302 | 38 | 415
P20s 0.15 | 0.15

Total 100.00 [ 100.08 | 100.07 | 99.98 | 96.94

* Reported on a wlatile-free basis (normalized to 100%) to aid comparison.

1. "North American Shale Composite". Gromet et al. (1984). 2. Average of
~100 published shale and slate analyses (Ague, 1991). 3. Awe. pelite-
pelagic clay (Carmichael, 1989). 4. Ave. of low-grade pelitic rocks, Littleton
Fm, N.H. (Shaw, 1956). 5. Ave. of

jilova bridlice



Kyanite Kyanite

Diagramy pouzivané pro
prezentaci mineralni
asociace metapelit

Staurolite Staurolite

+ Quartz
+ Plagioclase

+ Quartz Muscovite

Plagioclase + Muscovite

C hlorite

Biotite

Typicky pelit: (510, 55-60 %,

ALO, 15-20 wt%, K,0 2-5 Kyanite g
wt%, FeO 2-5 wt%, MgO 2-5 FI
wt% a krystalochemicky Staurolte

+ CQuartz
+ Muscovite

vazana voda - H,0 4-6 wt%)




3. Diageneze

béhem diageneze se snizuje porozita (z poCatku az 50%)
a z horniny je vytlaCovana voda

jilové mineraly se méni na 1llit a chlorit

s rostouci teplotou roste krystalinita 1llitu

organicke latky prochazi celou fadou premén a na konci
tohoto procesu zustava pouze grafit

za pocatek metamorfdzy se obvykle povazuje 200°C
(hloubka kolem 6 km) — Jilové bridlice (illit, muskovit,
chlorit, kifemen, draseln¢ Zivce, albit, sulfidy, hematit,
organicka hmota)

[llit se rozpada na sericit (muskovit s vyraznou
fengitovou substituci Sivi(Fe,Mg)VAIV' AlVY ).



Authigenic clay 1s perpendicular
tn::,v grain boundaries

Fe-rmmontmor]lonite




4. Progradni metamorfoza pelitu za strednich tlaku

Ak}r, and, sil, prl

d
hi-Al pelites .

lo-Al pelites

o Jily 15-20 % AI203
e Granity 14 % AI203

(
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Temperature —»

« andalusit = nizké P
* kyanit = vysoké P
* sillimanit = vysoké T
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muskovit (Mu) : K AlY, (Al Si)"v O,,(OH),

substituce : (Mg,Fe)Si Al Al | > fengit

chlorit (Chl): Mg,Al)" (AlSi,)VO,,(OH), > klinochlor,
substituce : FeMg_, > chamosit, AI"Al" (Fe,Mg) ,Si , >
biotit (Bt): K, Mg"', (AL,Si,)"O,,(OH), > flogopit
substituce : FeMg_, > annit, AIV'AIY Mg ,Si , > eastonit
granat (Grt): Mg,Al,S1,0,, > pyrop

substituce : Fe Mg , > almandin, Mn Mg , > spessartin
staurolit (St): Mg,Al,S1,0,,(OH),,

substituce : Fe Mg ,

cordierit (Cdr): Mg, Al,Si.0,

substituce: Fe Mg ,

draselny Zivec (Kfs); KAIS1,0,

plagioklas (P1): NaAlSi,0, > albit

substituce : CaAl Na_Si_, > anortit

andalusit (And), sillimanit (Sill), a kyanit (Ky); AL,SiO,,
kfemen (Qtz): Si0,

IImenit (Ilm): FeTiO,

Rutile (Rt): TiO,
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(+mu + plg + qtz

+ilmrut+ H:0) - chlorit (Mg A" (AlSi,)VO,,(OH), = nizké T
biotit K, (Mg,Fe)", (Al,Si)"O,,(OH), = stfedni T
granat (FeMgMnCa),Al,S1,0,, = stiedni az vysoke T

cld zone

i i staurolit Mg,Al,S1,0,,(OH), = stfedni az vysoké P
E e chloritoid (Fe,Mg),Al,S1,0,,(OH),= stfedni az vysoké P
gar zone cordierit (MgFe), Al,S1.0,, = nizké P
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Figure 28-2. Patrogenetic 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

P/T metamorphic field gradients are represented by broad pink arrows. After Spear and Cheney (1983), and Spear (1923).
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Prubéh progradni metamorfozy
pelitii za strednich tlaku

* 1) Chloritova zona

e Anchinetamorf6zou vznikaji v
Al-bohatych pelitech: pyrofylit
/Al,((OH),S1,0,,)/ a chlority.

Granitoids

to Kfs



Fylit: Ms+Chl+Qtz+Ab
+Prf +Kfs




2) Biotitova izograda (300-400 °C)

KFASH: Fe-chlorit + K-Zivec =
muskovit + biotit + kfemen + H,O (A)

3) Vznik chloritoidu (~ 400 °C)

pro stredni tlaky Fe-chlorit (KFASH)
KMASH: Mg-chlorit + pyrofylit =
Mg-chloritoid + kiemen + H,O (B)

1.4

=k
N

Pressure (GPa)

400 Fylit: Qtz+Ab+Bt+Chl+Ms+Ab+Cld



Bet Ms Phl + Msr
£+ ] 6\0& MgChl + Kfs
T 4 TS
3

Bt + Chi + c@° KMASH
Ms + Kfs . T4
4T3
1T2
Ann + MS 171

FeChl + Kfs .
Chl + Kfs
KFASH
1 Fe/ (Fe+Mg) 0

Kfs
T-X diagram a odpovidajici AMF diagramy pro kontinualni (divariantni) reakci chlorit + K-
zivec = muskovit + biotit + kiemen + H,O v KFMASH systému
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* 4)Biotit-chloritoidova zona
« Chl+Bt+ Ms + Qtz + H,0 + Cld

* ASH: pyrofylit = kyanit + kifemen + H,O (C)

« KFASH: Fe-chlorit + muskovit = Fe-chloritoid + annit + kiemen + H,O
« FASH: Fe-chloritoid + kyanit = Fe-staurolit + H,O (D)
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* 5) Grandtova izograda (~ 500 °C) ARFM medium pressure

+qtz +mu+H,O
e KFASH: Fe-chloritoid + annit = almandin + muskovit + H,O (E) -
« KFMASH: chloritoid + biotit = granat + chlorit (F) % Pipeile
gra.tu

1 & —=¢ld

] » +gar 1 et 1
=
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cld 5 Svory:
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3 |
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svor.: Qtz+Ms+Bt+Grt+Chl+St



* 06) Reakce konzumujici
chloritoid

« KFASH: Fe-chloritoid = Fe-staurolit +
almandin + H,O (G)
« KFMASH: chloritoid = granat +

chlorit + staurolit + H,O (terminalni
reakce) (H)

Yomsn

to Kfs
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* 8) Kyanitovad izograda v Al-chudych metapelitech (~ 600 °C)
« KFMASH: staurolit + chlorit = biotit + kyanit + H,O (1)
« KMASH: Mg-chlorit + muskovit = flogopit + kyanit + H,O (J)

Exv+Bt Reaci

mtHEBizone ::"E:'IT . SOEra :1

lll:l".lll. + I|I|I1 150+ I:_I =
Y 4+ Plaz+ HyD

III'I:.II"".. + I'.'I" 150+ I:_l =
' % +Flag+H,0

Crossing te-

lities reaction
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9) Sillimanitova izograda
AS: kyanit = sillimanit (K)
Sillimanit ale vétSinou nezatlaCuje ptimo kyanit, ale roste jako vlakna mezi

muskovitem a biotitem, zatimco kyanit je zatlaCovan muskovitem. Tj. tzv.
1. sillimanitova izograda.

kyanit + muskovit [ = sillimanit + muskovit 11

AKFM medium preszure
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* 10) Zanik staurolitu

 KFASH: Fe-staurolit = almandin
+ ALSiO,+ H,0 (L)

 KFMASH: staurolit = granat +
biotit + AL, S10, + H,O
(termindlni reakce) (M)

AR FMN medium prezsures
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11) Rozpad muskovitu
KASH: muskovit + kiemen = K-zivec + Al,Si10, + H,O (N)

Tj. tzv. 2. sillimanitovad izogradda.
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o [2) Vznik cordieritu (na hranici granulitove facie)

« KMASH: flogopit + sillimanit = Mg-cordierit + muskovit

« KMASH: flogopit + muskovit = Mg-cordierit + K-zivec + H,O
« KFMASH: biotit + sillimanit = granat + cordierit + H,O  (0)




\ M

Bt

AFM diagram pro cordieritovou izogradi (granulitova facie). Zpocatku je v diagramu linie Sill — Bt za vyZSich teplot zmizi a misto ni
vznikne linie Grt - Cdr. Winter (2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.



Cordieriticka rula
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Za podminek granulitove facie
probihaji v metapelitech dehydratacni
reakce (Ms, Bt), kter¢ produkuji
taveninu a bezvody restit.
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Pi1 HT metamortoze (teploty nad 850° a P,;,,=0) — dehydratacni taveni
muskovitu a biotitu



Migmatity jsou ¢aste¢né natavené horniny. Angmagssalik area, E. Greenland. Outcrop width ca. 10 m. Winter (2001) An Introduction
to Igneous and Metamorphic Petrology. Prentice Hall.




«13)Ultra vysokoteplotni metamorfoza pelini (granulitova facie)
*KFMASH: biotit = ortopyroxen + K-zivec + H,O

*dale mineraly jako safirin, hercynit, osumilit

R LU\ ; - &Y Y4 Mineralni asociace granulitii
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Fig. 3.11 Petrogenetic grid for pelitic metasediments with P = Py0 (except curve (9)). Abbreviations used are: AB =
albite; ALM = almandine; ALS = Al-silicate; AN = anorthite; AND = andalusite; BIO = biotite; CD = cordierite;
CRP = carpholite; CTD = chloritoid; GR = grossular; GT = garnet; ILM = ilmenite; KF = K-feldspar; KY = kyanite;
MS = muscovite; OPX = orthopyroxene; PP = pyrope; PYP = pyrophyllite; QZ = quartz; RT = rutile; SA =
sapphirine; SIL = sillimanite; ST = staurolite. Data sources for the curves are as follows: (1) Kerrick (1968); (2)
Holdaway (1971) (see also Fig. 3.12); (3) lower P-T limits of Fe-staurolite + quartz fitted to data of Richardson (1968)
and Rao & Johannes (1979); (4) Yardley (1981b), compiled from Richardson (1968), Ganguly (1972) & Rao & johannes
(1979); (5) & (6) Holdaway & Lee (1977); (7) Chatterjee & Johannes (1974); (8) & (9) Thompson (1982) (calculated),
note that curve (9) is for H,O-absent conditions; (10) Luth, Jahns & Tuttle (1964); (11) Goldsmith (1980); (12) Bohlen,
Wall & Boettcher (1983a); (13) limits to sapphirine + quartz in the Mg end-member system, Grew (1980); (14) inferred
limits to carpholite from Chopin & Schreyer (1983). Stippled bands are approximate conditions of the biotite and garnet
isograds. Dashed lines are metastable. N.B. Experimental uncertainties are invariably much greater than the thicknesses
of the lines drawn.
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garnet + chlorite + muscovite = staurolite +
biotite +H

chloritoid + biotite = '. U(} um

garnet + chlorite +H20

P kbar

Grt + Chl
stability fiald
—==0g=-==

Mn/(Mn+Fa+Ma)
in grt

iy
e

Pri

O,

T
.\.
|
t“—-:'.l.'l.____@_

~Grt Ch
StE

-

biotite + AI2SiOS5 (sillimanite)
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5. Vysokotlaka metamortoza pelitu

Ve faci1t modrych biidlic je v pelitech stabilni karfolit
(chem. vzorec odpovida souctu chloritoid + kiemen + H20)

Charakteristicke jsou asociace s mastkem (Tc+Ms, Ms+Kly,
Ms+Cld) — bilé bridlice

reakce napf.: Bt + Chl =Tc¢c + Cld + H20 (P)
Asociace s chloritoidem jsou stabilni za vySSich teplot.

S narustem tlaku roste Xy, v chloritoidu a staurolitu
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Figure 28-2. Petrogenetic 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 guartz, muscovite, and water, which are considered to be present in excess . Typical high, medium, and low
P/T metamorphic field gradients are represented by broad pink arrows. After Spear and Cheney (1989), and Spear (1999).



Eklogitova Facie

* Typicka asociace pro tlaky nad 20 kbar: Prp + Ky + Tc¢ + Qtz + fengit
* Vysokotlaké modifikace kfemene (coesit — nad 25 kbar)

* Ve svétlych slidach stoupa s tlakem obsah fengitové komponenty
(MgSi = AlAl)

A0, AT ATDRTE

AFM diagram pro pelity metamorfované za vysokého poméru P/T (eklogitova facie): a. v horninach s vysokym obsahem Mg miize
vznikat mastek, b. vznika spojnice mezi Cld - Tc a ¢ast metapelitii muZe tyto mineraly obsahovat, c. zanika chlorit a vétSina metapeliti
obsahuje kyanit Winter (2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.



6. Kontaktni metamorfoza pelitu
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Facie

Albit-epidotické
rohovce

Amfibolické
rohovce

Pyroxenické
rohovce

Sanidinové
rohovce

Mafické horniny

albit, epidot nebo
zoisit, aktinolit,
chlorit

hornblend,
plagioklas, diopsid

orthopyroxen,
augit, plagioklas,
(granat)

ortopyroxen, augit,
plagioklas, (granat)

Ultramafické
horniny

serpentin, mastek,
tremolit, chlorit, brucit

forsterit, diopsid,
tremolit, mastek,
chlorit, antofylit, (Al-
spinel, magnetit)

forsterit, ortopyroxen,
klinopyroxen,
plagioklas, Al-spinel

forsterit, ortopyroxen,
klinopyroxen,
plagioklas

Pelitické horniny

kifemen, albit,
muskovit, chlorit,
biotit

kifemen, plagioklas,
muskovit, biotit,
cordierit, andalusit

kifemen, plagioklas,
orthoklas, andalusit,
sillimanit, cordierit,
ortopyroxen

kiemen, sanidin,
plagioklas, sillimanit,
cordierit, ortopyroxen,
korund, safirin, Al-
spinel

Vapence

kalcit, dolomit,
kiemen, tremolit,
mastek,

kalcit, dolomit,
kiemen, tremolit,
diopsid, forsterit

kalcit, diopsid,
forsterit,
wollastonit

kalcit, diopsid,
forsterit, periklas,
wollastonit,
monticellit,
akermanit



Tlak (kbar)

Teplota (°C)




Al-bohate pelity

B-1: pocate¢ni met. asociace: pyrofylit + chloritoid + chlorit
B-2: Pod hranici 400 °C pii 2 kbar rozpad pyrofylitu a vznik andalusitu.

B-3: Pri reakci chloritoid + andalusit = staurolit + chlorit, ve 475 °C a 2 kbar, bude
zkonzumovany dfive chloritoid nez alumosilikat, na rozdil od situace pfi
sttednétlake metamorfoze. Objevi se staurolit, andalusit bude slabé resorbovan a
poroste nova generace chloritu. Asociace v B3 bude staurolit + chlorit + andalusit.

B-4: Probéhne reakce staurolit + chlorit = biotit + andalusit. Asociace tedy bude
andalusit + biotit + chlorit. Granat milize byt stabilni, je-li v hornin¢ CaO a MnO.




Plodova bridlice
Facie albit-epidotickych rohovcu

|2cu|

{ Kontaktni bridlice s chloritoidem:
sy ¢ KFASH: Fe-chlorit + pyrofylit =
-_3 Fe chlor1t01d + kremen + H O

Kontaktni bridlice s andalusitem:
 Porfyroblast andalusitu je obklopen:
Cld + Chl +Qtz+Ms

Met. asociace: 4
Prl+ Cld+ Chl =



. , , . Facie amfibolickych rohovciu
chloritoid + andalusit = staurolit + chlorit RIS T 5 I

staurolit + chlorit = biotit + andalusit.

Ovalny porfyroblast cordieritu
obklopeny jemnozrnnou matrix z

« Staurolit tvoti porfyroblast v zdkladni tkani Ms+Bt+Qtz a porfyroblasy And+St
tvofené Bt+Qtz+Chl+Ms velikost obr. 2,5 mm. (facie amfibolitovych rohovci).



B-5: Chlorit je zkonzumovan béhem kontinualni reakce, pti které roste andalusit a
biotit.

B-6: Terminalni reakce pro stabilitu chloritu v KFMASH systému chlorit = cordierit +
biotit + andalusit. Vznika asociace cordierit + andalusit + biotit. DalSi cordierit poroste
béhem kontinudlni reakce biotit + andalusit = cordierit

B-7: Andalusit je nahrazen sillimanitem, reakci andalusit = sillimanit. Vysledna
asociace je sillimanit + biotit + cordierit (+ kfemen + muskovit). Granat miize byt
pritomny diky komponentam MnO a CaO.

And




Al-chudé pelity

B-1; Al-chudé¢ pelity ve 350 °C a 2
kbar maji asociaci chlorit + biotit
(+ muskovit + kifemen).

B-2, B-3: Asociace zustane chlorit
+ biotit.

B-4: V podminkach 550 °C, 2 kbar
je stale jesté stabilni asociace
chlorit +biotit, ale pokud je v
hornin¢ dostatek CaO a MnO
miuize byt jiZ pfitomny 1 granat.

B-5: Zacne probihat kontinudlni
reakci: chlorit = andalusit + biotit.
Chlorit bude z horniny uplné
zkonzumovan.

Andalusiticky kontaktni rohovec



Tlak (kbar)

Teplota (°C)




Cordieriticky
kontaktni rohovec

And + Cdr + Bt + Ms + Qtz

B-6: Probéhne reakce chlorit = cordierit +
andalusit + biotit a kontinualni reakce
andalusit + biotit = cordierit.

B-7: Dojde k nahrazeni andalusitu

sillimanitem a konec¢né asociace je: Sill +
Cdr + Bt + Ms + Qtz + Grt




+Quarnz
=Whita mica
+Fa-Ti cxide

L
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Naprosta vétSina obrazového materialu pochazi z celé fady internetovych stranek
vénujicich se metamorfni petrologii
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