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1. Celkové chemické slozeni horniny (zjednodusené)

- kvarcity S10,

: kifemen-zivcoveé horniny S10,-A1,0,-K,0-Na,0-Ca0O-H,0
- metapelity S10,-A1,0,-K,0-MgO-FeO-H,0
- metabazity S10,-Al,0,-Na,0-MgO-FeO-H,0
- vapenatosilikatové horniny  Si10,-Al,0;-K,0-Ca0-MgO-H,0
- metakarbonaty MgO-Ca0O-CO,-H,0

- kifemite dolomity MgO-Ca0O-S10,-CO,-H,0

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

jin¢ chemické systeémy (mén¢ Caste)

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

- manganolity, smirky

jina oznaceni chemickych systému:

- 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, pfimés muskovitu, kifemene, organickych latek, hematitu,

2. Pelitické sedimenty

Pivodni hornina pelit (jilovec a jilové bridlice):

limonitu, pyritu, karbonatu, Zivce

- Si0,-A1,0,-K,0-MgO-FeO-H,0

* Chemicky systtm KMASH, KFASH a KFMASH

and Metapelites

Table 28-1. Chemical Compositions* of Shales

1 2 3 4 5
sio, 647 | 640 | 615 | 659 | 56.3
TiO, 0.80 | 081 | 087 | 092 | 1.05
AL,O; 770 | 181 | 186 | 19.1 | 20.2
MgO 282 | 285 | 381 | 230 | 323
FeO 569 | 7.03 | 100 | 686 | 8.38
MnO 0.25\[ 0.10 0.18
Ca0 @) 154 | 081 | 017 | 1.59
Na,0 113 | 1.64 | 146 | 085 | 1.86
K,0 396 | 386 | 302 | 38 | 415
P,05 0.15 | 0.15

Total 100.00 | 100.08 | 100.07 | 99.98 | 96.94

* Reported on a wolatile-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. Awe. of low-grade pelitic rocks, Littleton
Fm, N.H. (Shaw, 1956). 5. Ave. of

jilova bridlice



Diagramy pouzivané pro
prezentaci mineralni
asociace metapeliti
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S10, 55-60 wt %
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3. Diageneze

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

jilové mineraly se méni na 1illit a chlorit

s rostouci teplotou roste krystalinita 1llitu

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

za pocatek metamorfozy se obvykle povazuje 200 C

hloubka kolem 6 km — jilov¢ bridlice (1llit, muskovit,
chlorit, kfemen, draseln¢ Zivce, albit, sulfidy, hematit,
organicka hmota)

[llit se rozpada na sericit (muskovit s vyraznou
fengitovou substituci S1/(Fe,Mg)VAIY' Al ).
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metapelit na kontaktu s metaslinovcem (Qtz+Ms+Chl+Cal+Limonit, Grafit)



4. Metamorfoza pelitu za strednich tlaku

Ak}r, and, sil, prl

d
hi-Al pelites =

lo-Al pelites

* QGranity 14 % Al,O;
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muskovit (Mu) : K AlY, (AL, Si,)" O,,(OH),

substituce : (Mg,Fe)S1 Al AlY' | > fengit

chlorit (Chl): (Mg.Al)"! (AlSi;)VO,,(OH), > klinochlor,
substituce : FeMg_, > chamosit, AIV'AI" (Fe,Mg)_,S1, >
biotit (Bt): K, Mg", (Al,Si,)"O,,(OH), > flogopit
substituce : FeMg_, > annit, AIV'Al'YMg_ 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,S1.0,,

substituce: Fe Mg ,

draselny zZivec (Kfs); KAIS1,0,

plagioklas (P1): NaAlS1,0, > albit

substituce : CaAl Na_ Si, > anortit

andalusit (And), sillimanit (Sill), kKyanit (Ky); Al,Si0;,
kfemen (Qtz): S10,

IImenit (Ilm): FeTiO,

Rutile (Rt): TiO,
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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 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 (1989), and Spear (1999).
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Priubéh metamorfozy pelitu za
strednich tlaku

1) Chloritova zona

« anchimetamorfézou vznikaji v Al-bohatych
pelitech: pyrofylit /Al,((OH),S1,0,,)/ a chlority



http://www.ig.uit.no/studier/geo-212/optisk/ovelser/bilder/chlorite_stor_an.jpg
http://www.ig.uit.no/studier/geo-212/optisk/ovelser/bilder/chlorite_stor_plan.jpg

Fylit
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2) Biotitova zona (300-400 C)

» KFASH: Fe-chlorit + K-zivec = muskovit
+ biotit + kifemen + H,O (A)

o 3) Vznik chloritoidu (~ 400 C)

pro stredni tlaky Fe-chlorit (KFASH), v Al bohatych hornindch
« KMASH: Mg-chlorit + pyrofylit =
Mg-chloritoid + kiemen + H,O (B)
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T-X diagram a odpovidajici AMF diagramy pro kontinualni reakci:
chlorit + K-zivec = muskovit + biotit + kifemen + H,O v KFMASH systému



chloritoid

KFMASH

IIIII
llllll
L™
-

< g3

S 59

SV 19 &1) al ‘3

H &C

0 svig = i 2
RE

-
lllll

{Pyn, Phl MgSt MgCd}

L.

-

- -

-
T

Pyp. Mg CtMc s S

oo

:.,:t:[

[Cd,AS,Tc]

lllll

20

o
¢
| 'YL
& Q %
! 3] .
.. =jm
i 4
) ¢
| | fe 1 | | | |
[o0] w ~3 ~N o [+4]
- — - - Lol

IDgy 3INSSalg

550
Temperature °C

450

350




4) Biotit-chloritoidova zona
«  Chl+Bt+Ms + Qtz + H,0 + Cld
« KFASH: Fe-chlorit + muskovit = Fe-chloritoid + annit + kiremen + H,O (B2)

« ASH: pyrofylit = kyanit + kiemen + H,O (C)
« FASH: Fe-chloritoid + kyanit = Fe-staurolit + H,O (D)
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Chloritoidova biidlice (Qtz+Bt+Ms+Chl+Ctd)
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5) Grandtova zona (~ 500 C) AKFM medium pressure

+qtE +mm+ H, O
« KFASH: Fe-chloritoid + annit = almandin + muskovit + H,O (E) -
« KFMASH: chloritoid + biotit = granat + chlorit (F) O 1¢Pﬁ=_1tleielite
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svor. Qtz+Ms+Bt+Grt+Chl+St
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6) Reakce konzumujici chloritoid
- KFASH:

* Fe-chloritoid = Fe-staurolit +
almandin + H,O (G)

- KFMASH:

 chloritoid = granat + chlorit + staurolit
+ H,O (terminalni reakce) (H)

Yanzmy

to Kfs
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7) Staurolitova izograda (~ 550 C)

Objevuji se automorfni porfyroblasty staurolitu

KFMASH:
granat + chlorit = staurolit + biotit + H,O (Ch)

10
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8) Kyanit-staurolitova zona
« Kyanitova i1zograda v Al-chudych metapelitech (~ 600 C)
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Crosang tie-

lifies reaction

« KFMASH: staurolit + chlorit = biotit + kyanit + H,O (1)
« KMASH: Mg-chlorit + muskovit = flogopit + kyanit + H,O (J)
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9) Sillimanitova zona
AS: kyanit = sillimanit (K)

Sillimanit ale vétSinou nezatlacuje primo kyanit, ale roste jako vlakna mezi
muskovitem a biotitem, zatimco kyanit je zatlaCovan muskovitem. Tj. tzv.

1. sillimanitova izogrdda.

AR FN medium pressures

kyanit + muskovit I = sillimanit + muskovit 11 + iz + 1w + H, O
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10) Zanik staurolitu 2

« KFASH: .

 Fe-staurolit = almandin + Al,SiO, +
H,O (L)

0 -
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nt + KFMASH:

.~ * staurolit = granat + biotit
Y +ALSIO, + H,0
 (terminalni reakce) (M)

Pressure, khar

Temperalure, *C



Granaticka rula se sillimanitem: Qtz+Ms+Bt+Grt+Sil+Pl
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Grandaticka rula se sillimanitem: Qtz+Ms+Bt+Grt+Sil+Pl+Tu



11) Rozpad muskovitu
KASH: muskovit + kiemen = K-zivec + Al,S10, + H,O (N)

Tj. tzv. 2. sillimanitova izograda.
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Musc projection Kspar projection ar, 1993
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12) 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 izogradii (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.




Pii1 HT metamorfoze (teploty nad 850 a P,;,,=0)
— dehydrata¢ni taveni muskovitu a biotitu



Migmatity jsou CasteCné natavene horniny. Angmagssalik area, E. Greenland.
Winter (2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.




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

edale mineraly jako safirin, hercynit, osumilit
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chloritoid + biotite =

P khar

garnet + chlorite +H20
Grt + Chi
stability fiald
——-02---
Mn/ (Mn+Fe+Ma)
in gre
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"1 | | ] ] ]
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garnet + chlorite + muscovite = staurolite +
biotite +tH20

S

staurolite = garnet + biotite + AI12SiO5 (sillimanite)
(T, gl

e
<% % 500 um

- R

biotite + AI2SiOS5 (sillimanite) =
garnet + K-feldspar + melt
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5. Vysokotlaka metamortoza pelitu

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

Charakteristicke jsou asociace s mastkem
Tc+Ms, Ms+Ky, Ms+Cld — bil¢ bridlice

reakce napt.: Bt + Chl = Tc + Cld + H20 (P)
Asociace s chloritoidem jsou stabilni za vysSSich 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 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 (1999).



Eklogitova Facie

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

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

JTITOEITN /TTIIE TN /TITHE I EEN

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



6. Kontaktni metamorfoza pelitu

4 Facies seres: Low Pressure, High Temperature M
CONTACT METAMORPHISM
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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)

Ultramaficke
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

kiemen, plagioklas,
muskovit, biotit,
cordierit, andalusit

kiemen, plagioklas,
orthoklas, andalusit,
sillimanit, cordierit,
ortopyroxen

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

Vapence

kalcit, dolomit,
kifemen, tremolit,
mastek,

kalcit, dolomit,
kfemen, tremolit,
diopsid, forsterit

kalcit, diopsid,
forsterit, wollastonit

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



Plodova bridlice Al-bohaté pelity
| Facle alblt-epldotlckych rohovci

|2cm|

J Kontaktni bridlice s chloritoidem:
sy ¢ KFASH: Fe-chlorit + pyrofylit =

Fe chlor1t01d +* kremen + H O
'ﬂ*

Pod hranici 400 C pfti 2 kbar rozpad
pyrofylitu a vznik andalusitu

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

Met. asociace:
Prl + Cld + Chl
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. . . _ Facie amfibolickych rohovcu
chloritoid + andalusit = staurolit + chlorit SR Vs R .

staurolit + chlorit = biotit + andalusit.

chlorit = cordierit
+ biotit + andalusit |

e
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g » Ovalny porfyroblast cordieritu
Kontaktni bridlice se staurolitem a andalusitem: obklopeny jemnozrnnou matrix z

* Staurolit tvoii porfyroblast v zakladni tkani Ms+Bt+Qtz a porfyroblasy And+St
tvofené Bt+Qtz+Chl+Ms velikost obr. 2,5 mm. (facie amfibolitovych rohovci).
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dalsi cordierit poroste béhem kontinualni reakce biotit + andalusit = cordierit

andalusit je nahrazen sillimanitem, reakci andalusit = sillimanit
vysledna asociace je sillimanit + biotit + cordierit (+ kiemen + muskovit)

granat muze byt pritomny diky komponentdm MnO a CaO



Al-chudé pelity

Al-chudé pelity ve 350 °C a 2 kbar
maji asociaci

chlorit + biotit (+ muskovit +
kifemen).

chlorit = andalusit + biotit
(kontinualni reakce)

chlorit = cordierit + andalusit + biotit

andalusit + biotit = cordierit
(kontinualni reakce)

nahrazeni andalusitu sillimanitem a
konec¢na asociace je: Sill + Cdr + Bt
+ Ms + Qtz + Grt

Andalusiticky kontaktni rohovec


../../NovCD/Cd2/Html/hp22-all_soubory/hp22-all.jpg

Cordieriticky kontaktni
rohovec

And + Cdr + Bt + Ms + Qtz
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