Vyjznam fluidni faze pro mefamorfni procesy na prikladu
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Dolomit + kalcit v pfebytku
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0.63 prerusovana linie je urcena pro
horniny kde je Tr v pirevaze nad Cal nebo
Qtz. Spear (1993) Metamorphic Phase
Equilibria and Pressure-Temperature-Time
Paths. Mineral. Soc. Amer. Monograph 1.
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Metamorphic zones developed in regionally metamorphosed dolomitic rocks of the Lepontine Alps, along the Swiss-Italian border. After
Trommsdorff (1966) Schweiz. Mineral. Petrogr. Mitt., 46, 431-460 and (1972) Schweiz. Mineral. Petrogr. Mitt., 52, 567-571. Winter (2001)
An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.



Dal$i mineraly v mramorech | Cal+TreSp (ChD) |
Velmi ¢asto obsahovaly ptivodni | - SR 9
vapence krom¢ kiemene take klasty R - 2

zivel, slid a jilove mineraly.

vetSinou tyto komponenty
zanedbavame ale nékdy jsme nuceni g s
pracovat v systému S10,-Al,0;-K,O- -
CaO-MgO-H,0 2
V takovém systému se mohou objevit {#-
mineraly jako granat, spinel, Zivce, i
biotit (flogopit)

Granat vznika na
kontaktu s pegmatitem
(ptinos Al)

Cal+Bt+Sp [
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T-X;,o diagram ukazuje tvar a relativni pozici nékterych dilezitych reakci pro izogrady mapované v oblasti Whetstone Lake.

Reakce S je dehydratacni a dekarbonatiza¢ni pro vapnité horniny (maximalni teploty dosahne p¥i X,;,, = 0.25). Carmichael
(1970) J. Petrol., 11, 147-181,




Vapenato-silikatové horniny

* Do této skupiny lze zaradit fadu geneticky pomérné odlisSnych hornin, predevSim
Ca-skarny, erlany, kalcitické mramory bohaté silikaty, kontaktni rohovce a
rodingity. Zna¢ny problémem u téchto systému je odhad tlaku, proto je vhodné

studovat 1 dalsi horniny, které mohly vznikat pti procesu kontaktni (regionalni)
metamorfozy.

* Mineralni reakce a sloZeni hlavnich minerali Ize nejlépe vyjadrtit v jednoduchém
systému CAS(H,0-CO,), i kdyz horniny prakticky vzdy obsahuji také Mg, Fe*" a
Fe3* ale také napr. F.

« U téchto hornin dochazi ¢asto k metasomatoze, tedy prinosu a odnosu latek
nepocitame-li H,O a CO,,.

« Typicke minerdly: granaty (grosular-andradit-almandin), pyroxen (diopsid-
hedenbergit), plagioklasy, wollastonit, epidot, vesuvian, kalcit, kfemen, skapolit.

e Typické znaky jednotlivych typu hornin:
 a) skarny — v€tSinou vazané na metakarbonaty, vysoka aktivita H,O, siln¢ projevy
metasomatozy, vétSinou kontaktniho, méné regionalniho ptivodu (Cpx+Qtz+Grt)

e b) erlany - vétSinou regionalniho ptivodu, projevy metasomatdzy slabé¢, jednoduche
mineralni asociace (Cpx+Pl+Qtz+Grt)

* ¢)rohovce - vétSinou kontaktniho ptivodu, velmi jednoduché mineralni asociace

* d) rodingity — metasomatického puvodu, vysoka aktivita H,O, jsou vdzané na
serpentinity



Viépenato-silikatova hornina
(Grst+An+Cal)

Vapenato-silikatove horniny




» DiileZité minerdlni reakce ve vapenatosilikdatovych hornindch
dekarbonatiza¢ni reakce

* (CS(CO,): kalcit + kfemen = wollastonit + CO,

«  CAS(CO,): anortit + kifemen + kalcit = grosular + CO,

« CTSCH:  rutil +kalcit + kfemen = titanit + CO,
(Ti02 + CaCO3 + Si02 = CaTiSiOS + CO2)

reakce pevna faze pevna faze

« CAS: grosular + kifemen = anortit + wollastonit
(Ca3A412Si3012 + SiO2 = CaAl2Si208 + 2CaSiO3)

dehydratacni reakce

« CAS(H,O): klinozoist + kfemen = grosular + anortit + H,O

dekarbonatiza¢né-dehydratacni reakce

« CASCH: zoisit + CO, = anortit + kalcit + H,O

- (2Ca24I3Si3012(0H) + CO2 = 3CaAl2Si208 + CaCO3 + H20)

« CMSCH: tremolit + kalcit + kiremen = diopsid + H,O + CO,
+  (Ca2Mg5Si8022(0H)2 + 3CaCO3 + 28i02 = 5CaMgSi206 + H20 + 3C02)

« CMSCH: tremolit + dolomit = forsterit + kalcit + H,O + CO,
+ (Ca2Mg5Si8022(0H)2 + 11CaMg(C03)2 = 8Mg2Si04 + 13CaCO3 + H20 + 9CO2)

« KASCSH: muskovit + kalcit + kfemen = ortoklas + anortit + H,O + CO,
« (KAI3Si3010(OH)2 + CaCO3 + 25i02 = KAISi308 + CaAl2Si208 + H20 + C02)

« KCMASCH: flogopit + kalcit + kiemen = draselny zivec + tremolit + H,O + CO,
(5KMg3Si341010(0H)2 + CaCO3 + 25i02 = SKAISi308 + 3Ca2Mg5Si8022(0H)2 + H20 + CO2)
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Erlany

télesa Casto vazana na mramory nebo amfibolity vzacné nodule

Di+ Cal+ Grt+ Czo+ Pl+ Qtz+ Ttn = Py £ Amp = Ves £ Wo

plagioklas (An 80-100 %)

nizka metamorfoza LPLT (zelené bridlice): Amp + Di + Czo +Cal + P1 + Qtz + Ttn
metamorfoza MPMT (amfibolitova facie): Di + Cal + Grt + P1+ Qtz + Ttn
metamorfoza HPHT (granulitova facie): diopsid + forsterit + monticellit + spinel
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Klasifika¢ni diagram pro amfiboly podle nomenklatury Leakeho et al. (1997):
Zlutd - mramory, fialova — erlany, zelena - amfibolity

Klinozoisit - Epidot

Pokles obsahu Fe’* smérem k okrajiim zrna vznika v disledku
progradni metamorfozy. Opacny trend je naopak produktem
retrogradnich premeén jak naznacuji studie zondlnosti epidotu
v amfibolitech (Raith 1976). Podle Kitamury (1975) vznika
tento typ zonalnosti pii poklesu teploty béhem isochemické
metamorfozy, nebo v disledku ptinosu zeleza do systému.




svym slozenim se blizi Cistému grossularu *

nejCastéj1 vznika reakci:

5Cal + 3Qtz + 2Czo = 3Grs + H,0 + 5CO,

xenomorfné omezeny nepravidelné zonalni granat ¢isla oznaduji
procentualni zastoupeni almandinové komponenty
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skarny — silikatova hornina obsahujici Ca-Fe-Mg . Typické mineraly: granaty
(grosular-andradit-almandin), pyroxen (diopsid-hedenbergit), plagioklasy
(podruzné), wollastonit, epidot, vesuvian, kalcit, kiemen, skapolit.
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1) metasomat6za mezi dvéma chemicky kontrastnimi horninami béhem regionalni
metamorfdzy ( napt. rohovcoveé konkrece v mramoru)
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Concentration in Altered Rock
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Isocon diagram of Grant (1986) for the data from Table 30-1. Some oxides have been
scaled to provide a better distribution of data points. Econ. Geol., 81, 1976-1982. Winter
(2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.
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CaMgSi,0; + 3CaMgSi0, = 2Ca;MgSi,0; + M:Si0, (1)

diopside monticellite dkermanite forsterite
CaMg5i,0y + CaCO: = Ca;MgSi;0, + COy (2)
diopside calcite  akermanite

CaMg5i 0y + Mg, 510y + 2CaC 0, = 3CaMgsi0y +2C0:0(3)
diopside  forsterite calcite  monticellite

Ca;Mg5i,0; + Me,5i0 + CaC0y = 3CaMg510, + CO: (4)
akermanite  forsterite calcite monticellite

Cﬂ:MgSi.:D'_l + CaCO, = Cﬂ_:;[".-']gS 0y + C0n (5)
akermmanite  calcite merwinite

4CaC 0, + 6CaALSLO + 4Mg,510, = 4CaAl, 510, +

calcite anorthite forsterite  CaTs-pyx
6CaMgSi,0 + 2MgALO4 + 4C0O, i6)
diopside spinel

CaMgi(CO:); + 2CaALSH0; + Mg,5i0, = CaAlLSIO; +
dolomite anorthite  forsterite  CaTs-pyx

2CaMgSi0Og + MgAlLO, + 2C0, (7
diopside spinel
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inferred conditions of
baddeleyite isograd > |

Ne¢ktere dalsi zajimavé reakce

An - CaD - 00s = Me

grogsular + Sanorthite + 2000 = Imeionite + quartz

Can Al Sty Oy + 3Cad 18605 + 2000 = 20ay AL S04, C0 4 8i0h

Senstatite + Imeionite = ddiopside + 2pywrope + Sanorthite 4 200,
Sy 8ix0d 4 20ay Al 810 OOy = 20aM oS0y + 2Mgd L8R 0,
FACad S0 4 200k,

Yoshino (2001)

zircon + 2 dolomite = baddeleyite + forsterite + 2 calcite + 2 CO2
ZrSi04 + 2 CaMg(CO03)2 = ZrO2 + Mg2Si04 + 2 CaCO3 + 2 CO2

FIGURE 3. T-X, diagram illustrating selected phase equlibria
among diopside (D). dolomite (Dal), forsterite (Fo). caleite (Cal).
tremolite (Tr), zircon (Zm), baddeleyite { Bad), and COy-H;O lund at
3000 bars. Pressure 15 appropriate to contact metamorphism n the
Ballachulish aureole. Scotland. All muinerals assumed pure substances.
Conditions of the Bad 1sograd predicted by the Zm-Dol-Bad-Fo-Cal
equilibrium are consistent with conditions independently inferred from
Cal-Dol thermometry and the Di-Dol-Fo-Cal equlibrium ishaded

rectangle ). FGI’I'y (2004)



Retrogradni premény

» vétSina progradnich reakci
v systetmech CMSH, CMASCH,
KCMASCH ma na strané
produkti CO, = H,0.

* mineralni asociace jsou odolng;si
proti retrogradnim preménam a
Castéji zachovavaji podminky
blizkeé vrcholnym podminkam

i Y s metamorfozy
calcite + quartz = wollastonite + CO,  © pr—— P , o .,
CaCO, + Si0,= CaSi0, + €O, y @ « zaroven se mnohdy setkavame

S nerovnovaznymi asociacemi.

FIGURE 4. Backscattered electron { BSE) image of continuous rim
of quartz {(Jtz) around wollastomite (Wo) 1n a matrix of caleite { Cal)
tllustrating imecipient progress of retrograde Reaction 2 (1n reverse) m
siliceous limestone from the Ratter Range pendant, Califorma. Sample
20 of Ferry et al. (1998). Long dimension of photo 15 0.36 mim.



5 diopside + 3 COy + HoO = tremolite + 3 calcite + 2 quarte 8 forsterte + 13 caleite + @O0, + HyO = tremolite + 11 dolomite
5 CalMgSiy0; + 3 €O, + HyO = CaMeSiiOm(OH ), + 3 CaCo,
+ 2 Si0, (3)

B Me,Sith, - 13 CalCO, + 9 OOy, + HL —
Casblos SO H b + 11 Cabe( o),

FIGURE 5. BSE image of subhedral tremolite {Tr) crystals FIGURE 9. BSE 1mage of partial replacement of forsterite
developed at the margin of diopside (D1} in contact with caleite (Cal),  (Fg) by tremolite (Tr) in a matrnx of caleite (Cal) and dolomite
illustrating incipient progress of retrograde reaction 3 in siliceous  (pal), illustrating progress of retrograde Reaction 8 in siliceous
limestone from the Ritter Range pendant, California. Sample 4H of  golomite from the Ballachulish aureole, Scotland. Sample 1A of
Ferry et al. (1998). Long dimension of photo 15 0.22 mm. Ferry (1996h). Long dimension of photo is 0.26 mm.



34 forsterite +
34 Mg,Si0y +

51 H,0
51 Hy0

serpentine  + 20 brucite
M 24e 513408 OH )y + 20 Ma(OH ),

: STy P ’

FIGURE 8. BSE image of direct replacement of forsterite (Fo)
by an intergrowth of serpentine (Srp) and brucite {Bre), illustrating
progress of retrograde Reaction 7 1n sihiceous dolomite from the
Ballachulish aureole, Scotland. Sample 8C of Ferry {1996h). Long
dimension of photo 15 0.38 mm.

34 forstenite + 20 caleite + 2000, + 31 HyOr = serpentine
£ 20 dolomite
34 Mg,S10y 4

20 CaCoO; 20 CO, + 31
20 CaMg(CO,), ()

H,O

iy

~”|._-r 3

: h‘lvm
FIGURE 10. BSE 1mage Df pseudmﬂmphm |Ep]ac:ement of ﬂ:usteute

(Fo) by an mtergrowth of serpentine ( Srp)and dolomite (Dol), il lustrating
completion of retrograde Reaction 9 m sihiceous dolomite from the

Ballachulish aureole, Scotland. Brightest mineral 1s caleite { Cal ). Sample
8B of Ferry (1996h). Long dimension of photo 15 0.32 mm.
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- T-XCO2 diagram illustrating selected phase equilibria among dolomite (Dol),
brucite (Brc), calcite (Cal), serpentine, diopside (Di), tremolite (Tr), forsterite
(Fo), and CO2-H2O fluid at 3000 bars. Antigorite (Atg) taken as the
thermodynamic model for serpentine. Pressure is appropriate to contact
460 ] L 1 1 metamorphism in the Ballachulish aureole, Scotland. All minerals assumed
pure substances. Shaded dashed and shaded solid curves illustrate the 7-XCO2
0.000  0.005 0.010 0.015 0.020  0.025 evolution of initially periclase-bearing and periclase-free siliceous dolomites,
X C DE respectively, during cooling of the aureole and retrograde mineral-fluid
reaction. If partial mineral-fluid equilibrium was attained, the two shaded
curves explain the different retrograde mineral assemblages developed in
initially periclase-bearing and periclase-free rocks as well as the replacement
of Fo by serpentine + Brc in both rock types. (a) T = 460- 525 °C, XCO2 = 0—
0.025. (b) T =390-405 °C, XCO2 = 0-0.0003.

Tr + Cal




B. Metamorfoza ultramafickych hornin

1 2 3 4 /4 . ’
Si0, 39,53 33,10 38,37 4228 ° hlavnl homlnovy typ
TiO, 0,01 0,01 0,06 st zemskeho plasté
ALO; 0,93 0,72 1,70 1,70 y . et o
Cr,0; 1,01 0,38 0,62 0,18 e sloZzeny hlavné z Mg-silikati,
Fe,0; 0,65 5,54 5,06 3,38 X 14 X 2 0
i i il il il svetle soucastky < 10 %
MnO 0,12 0,09 0,12 0,09 . 1 A
] ) ] 5 . _
iy i i i i g(?ocher}llcky utrabazické
MgO 48,83 40,37 37,60 32,28 horniny (Si0, <45 hm %)
CaO st. 0,31 1,06 1,55
Na,O st. 0,31 0,56 0,12
K;_O st. st. 0,06 st. ° r r . r - 7
H,0" 0.89 14.46 1153 3.64 primarni mineraly - olivin
H0 0.16 1,93 0,46 i bohaty Mg (Fo 88-95), ortopyroxen
y Mg ’ |
P,05 st. 0,07 0,09 st. . .
co, il il Il gt (enstatit), klinopyroxen (Cr-
Suma 100,07 99,97 99.67 99,62 diopsid), chromit (akcesorie), granat
1. g)unit, Dun Mtn., Novy Zéland. (pyrop 60-75 mOI'%)) Splnela
2. Serpentinizovany dunit, Mayagnez, Portoriko. . o J4 ’
3. Serpentinit, Velké Vrbro, staromesiské pismo. plagioklas — rizné podminky

4. Krupnik, Sobotin, sobotinsky masiv.

sekundarni mineraly: mineraly skupiny serpentinu (chryzotil, antigorit, lizardit,
aj.) - nahrazuji olivin nebo ortopyroxen (bastit), amfiboly (tremolit), mastek,
magnezit, Mg-chlority, Mg-biotit, ilmenit, magnetit.

kelyfitické textury — radialné paprscité lemy (Hb, Opx, Spi) okolo granatu



A) Ultramaficke vyvielé horniny

Flag Olivine

i Nejcastéjsi alterace:
/X S::ll‘l{ll‘ﬂ‘l{lﬁlte ) )

Olivin + ortopyroxen
— serpentin + Fe
oxidy + mastek +
brucit

Klinopyroxen —
amphibol +
hydratované Ca-Al
silikaty + chlorit

Plagioklas — Ca-Al
silikaty + jilove
mineraly + kalcit

L ’_ i Opx: (Mg,Fe), S1,0,
R 1 Ol: (Mg,Fe), SiO,




mantle structure
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ultramafické horniny tvori plast
v kontinentalni kufe jsou vzacné
v orogeénech jsou Casto télesa
peridotitl uspotradana

v nesouvislych pasech X00- 1000

km dlouhych, paralelnich se
strukturnimi prvky orogénu

Mantie structum
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* typy ultramafickych hornin (nyni v zemske kure)

a) alpinsky (orogenni) - fragmenty plasté (Cocky, xenolity)

» tektonicky transportované béhem orogennich procest z oblasti pod oceanskou kiirou
* soucast ofiolitovych komplexi, ¢asto lherzolitické sloZeni

» Casta serpentinizace a rekrystalizace

» alpinska ultramaficka télesa lezi podél vyraznych strukturnich ¢i litologickych rozhrani

b) plastové fragmenty ze subkontinentalni Casti plasté
» diferenciaty basaltickych magmat — harzburgitické ¢1 duniticke sloZeni

e soucast krustalnich sekvenci

15_‘ MOR basalt ¢
c) vyneseny z plasté jako xenolity
v kimberlitech a basaltech spolené  _
s HT eklogity (mensi Cast) =R
-
2
<[,
-
Vznik MORB bazaltii ST
diferenciaci lherzolitu 0 01 0 0 0.4

K0 {(with)



Partitioning of Mg/Fe in
minerals in ultramafic rocks,
Bergell aureole, Italy After

Trommsdorff and Evans (1972).

A J Sci 272, 423-437.
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B) Fazoveé vitahy v ultramafitech
+  systémy: CMS, MSH, CMSH, + FeO (FMSH, CEMSH), AL,O,, CO,
* dulezité mineraly:

 Antigorit MgSi,O,,(OH), » Diopsid CaMg S1,0¢

«  Mastek Mg,Si,0,,(OH), * Anthofyllit Mg,Si,0,,(OH),
« Aktinolit Ca,(Mg,Fe);S1,0,,(OH), * Enstatit MgSiO,

« Tremolit Ca,Mg.S1,0,,(OH), * Forsterit Mg, Si0,

P kbar

Zjednodusend MSH mftizka
pro ultramafické horniny
(sestaveno na  zaklad¢
termodynamickych databazi
Bermana, Konopasek et al.
1998 prevzato ze Speara

1993)




Al-faze

Facie Kritick4 asociace
nizkych stupii chryzotil + mastek + tremolit chlorit
zelenych a modrych brucit + antigorit + diopsid chlorit
bridlic forsterit + antigorit + diopsid chlorit
forsterit + antigorit + tremolit Chlﬂl‘?t
forsterit + mastek + tremolit chlorit
forsterit + antofylit (nebo magnesio-cummingtonit)+ chlorit/
amfibolitova +tremolit chromit
forsterit + ortopyroxen + tremolit chlorit/
chromit
forsterit + ortopyroxen + hornblend spinel
pyroxenickych rohovcti (nizky P) forsterit + ortopyroxen +klinopyroxen plagioklas
granulitova (stfedni P) forsterit + ortopyroxen + klinopyroxen + homnblend spinel
eklogitova (vysoky P) forsterit + ortopyroxen + klinopyroxen granat

Granat (grt): pyropoveé sloZeni, pfi Ca metasomatdze grossular

Spinel (sp): chromit-spinel

Plagioklas: anortit, albit (metasomasomat6za)

Chlorit (chl): (Mg,Al)" (AlSi,)VO,,(OH), > klinochlor — chamosit, substituce : FeMg ,



krupniky —

chlority, tremolit

mastkové bridlice

tremolitove a

antofylitove  biidlice
(stfedni stupné metamorfozy)

rodingity — metasomatické
horniny bohaté¢ Ca, spjaté se
serpentinizaci (grosular,
vesuvian,  prehnit,  chlorit,
prehnit, diopsid)

serpentinity (hadce) —
serpentinove mineraly + relikty
primarnich mineralu peridotiti

mastek,

Mesh-textured
serpentine
replacement
of olivine

Cr-Fe spinel

Residual
orthopyroxene
grains

Residual grains
of original large
olivine grain

Serpentine
replacement
of orthopyroxene

0 mim 0.5
e —— |

15.21 Partially serpentinized peridotite (harzburgite). Serpentine
replacement of olivine progressed inward from internal frac-
tures as water moved in, creating mesh texture. Serpentine
has mostly replaced primary orthopyroxene, creating bastite
texture. Primary Cr—Fe spinel is unaltered.



Serpentinit

mineraly serpentinové skupiny jsou stabilni v podminkach facie zelenych btidlic (lizardit
a chrisotil do 300 °C antigorit stabilni do cca 500-600°C ).

serpentinizace » otevieny systém (Mg — bohata hornina tvofena bezvodymi mineraly se
méni na smés hydratovanych silikati)

mineraly serpentinové skupiny obsahuji 12 — 14 % H,O

serpentinity vznikly interakci s motfskou vodou nebo meteorickou vodou (120)

lokaln€é muze serpentinizace probihat za velmi nizké fugacity kysliku (vznika ptirodni Fe
nebo slitiny Fe-Ni-Co) » Fe obsazené v olivinech a pyroxenech reaguje s O v pronikajici

vod¢ a vznika magnetit ale volny H redukuje ¢ast Fe piipadné Co a N1 az do kovové

= - .‘| l .‘ K L ”[l - . o g :‘_; i - i J X

. v vr , . vov Olivine crystal (high relief, strongly birefringent) replaced
Pr e’jn ena zacmap o.d’elp uklin a stepny ch by serpentine in a mylonitized harzburgite from Oman.
trhlin (pyroxen, olivin) Crossed polars.




sepentinity mohou vznikat v disledku téchto dvou rozdilnych reakei :

2Mg,Si0,+3H,0 = Mg;Si,Os(OH), + Mg(OH), === V tenké oceanské kife mize

forsterite serpentine brucite rozsahla serpentinizace na

; : sttedooceanském hibeté vyvolat
88 cm 111 cm 25 cm’ vyzdvih. Avsak nebyly
AV = 48 cm® pozorovany projevy expanze, ale

forsterite serpentine
271 e’ 221 ecm’
865 g 90 g 554 g

+ 2Mg(OH), + 4.3MgO + 2.15Si0,

brucite removed in solution
49 cm’116 g 173 ¢ 129 g
AV ~0

neni moZné¢ to fici s jistotou,
protoZze velka télesa serpentinitil
porusuji cetné zlomy, které mohou
souviset s vmistnénim nebo s
expanzi.

Vsechno Mg a Si v ocednu mize byt produktem
reakci na stfedooceanskych hibetech. Avsak v rizné
intenzivné serpentinizovanych peridotitech je pomér
S102 / (MgO + CaO + MnO + NiO + FeO)
zachovan.

sepentinity maji niz§i hustotu oproti primarnim dunitim a peridotitim

(2,6-2,8 g/cm? vs. 3,3 g/cm?)



Ca je obsazeno v primarnich Cpx
ale neni ve vétSiné novotvorenych
fazi — v otevieném systému
prechazi do roztokii a migruje
(rodingitizace)

serpentinizace - zna¢ny piinos H,O
+ CO, - vyrazn¢ zvySeni objemu
hornin (pro zachovani objemu je
nutny zna¢ny odnos MgO + Si10, —
k tomu vSak dochazi patrné pouze
castecnge).

Zdroje H,O:

a) pozdni granitické intruze bohaté
vodou

b) okolni horniny (nemet.- nizko
met.)

c) litologicka rozhrani a zlomy

SN RPN NTeNE
[l R

- uutr"

g

hl ”- ™ ”

Initial

15.22 Kernel pattern and cross-fractures in serpentinized perido
Redrawn from O’Hanley (1992). As serpentinization penetts
into the core of peridotite, the accompanying volume inge
produces tensile fractures in the surrounding serpentinite jac
Progressive inward serpentinization creates outwardly 4
chrysotile-filled fractures, as shown at successive steps infi
[y, 17, and t5. Actual expansion and fracturing is more cof
uous. Fractures are oriented radially around the core, essenf
perpendicular to the sharp core-rim interface, and, inaph
parallel to it, form a grid-pattern visible in top of the blok



kumulatovych ultrabazi
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K = pseudomorfoza po
olivinu lemovana

B = bastit (slozeny prevazné s
lizarditu), C = chrisotil, PO =

pseudomorfoza po olivinu

(lizardit)



B = bastit (sloZzeny pievazné s lizarditu), C =
chrisotil, PO = pseudomorfdza po olivinu
(lizardit), L = lizardit, A = antigorit



Systém SiO,-MgO-H,0
* antigorit stabilni do cca 500-600°C (nejvys
stupen z minerall serp. skupiny)

« antofylit (Mg-Oamf) stabilni mezi cca 600-800° pti

FeO

+ H;0

P< 12kbar

diagram

MSH system

Si0;

MgO
Qtz

Fo En Ath

Per, Brc

* mastek je stabilni 1 za vysokych teplot
~750°C, a rozpada se az v granulitové facii

Brucite ,-

Antlgorite
Chrysotile
(Serpentineg)

L

Forsterite Enstatite

composition of
mantle rocks

* progresivni metamorf6za — uvolnovani H,O
* hlavni substituce Mg-Fe
* hydratacni reakce

Sio,

nthophyllite

MgoO
Quartz

Periclase
Harzburgite

[
%

@ 90000
Qtz

Fo Atg Ath
En Tlc

Per,Brec



Pressure (kbar)

olivine normative rocks MSH subsystem, harzburgite system

15

e 0

Enstatite

13 Forsterite

11

o

Chrysotile

200 400 600 800
Temperature ("C)

MEH PL.diagraen



system component H,O MSH - MS projection

pseudobinary system

colinearity
degeneracy
MgO binary system Si0,
Qtz
+ H;0

Fer, Brc Fo Atg En | Tle Qtz

Ath - X

| MgO

1 0.66 05 043 0
0.57 0.46



Pressure (kbar)

olivine normative rocks MSH subsystem, harzburgite system
15 Par, Brec Fo  Atg En Ath Tle Otz

Enstatite . . . .-.-I:l.l' .
13 Forsterite I I
B I I
11
) — »
9 I : 1'BE+A F+¥
+ Atg=F +
7 B | | | q
Chrysotile . . . | D .
5
| I 2) Atg=F+T+V
3 B I
O i O
1 T — 1 T | |
200 400 600 800 1000 B I | JNF+T=4+V
I Temperature ("C) . * | .'|:r .
|
system component H,0 MSH - MS projection E I I d-_l F +A - E +'|l|'
| |
B I | SBE=P+V
orc [} (] SR )
pseudob\_nary system I I
dc:g“rg\?;rrz‘wtcyy p I I E::l T - A. + u + 'Ilr
b A I |
MgO o T — Sio, p I I -'r] A=E+0Q+V¥
Par Fo En + Hy0 Qtz . . . .
Per, Bre Fo Atg EnJTlc Qtz I
| ] P Y ¥age | mantle |
T 1Tl composition
! 088, 57 %04 ® 0 I: lll'litE'.

harzburgite)



1000
T(°C)

900

O pro metamorfované

2

H

N

Petrogeneticka miizka pro systém SiO,-MgO-

ultrabazické horniny



51

qz qz

typical ultramafic gz quattz SYStém SiOZ-MgO-CaO-HZO
tc: talc

it tremolite

en: enstatite

di: diopade o : : s
kit pIOJe.kCC z pozice HZO - Jen
fo forsterite asociace koexistujici s Cistou

oo calcite p . roor _
do- dolomite vodni fluidni fazi (a;,,=1)

bt brucite

Ca / do Mg
calc-silicates

En Qiz H,O

10 |
Zjednodusend CMSH mtizka pro _
ultramafické horniny (sestaveno @ |
na zékladé¢ termodynamickych ﬁ -
databazi Bermana, Konopasek et Q. |

al. 1998 pievzato ze Speara 1993) 5 -




CMS composition diagram

Sioz Quartz

+H2ﬂ +Gﬂ2

Enstatite

Antigorite
Chrysotile

Forsterite

CaO

Calcite Dolomite Brucite
Magnesite



Progradni metamorfoza ultrabazickych hornin v systému CMSH
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Vyznam hliniku v systému ultrabazickych hornin

10

Pressure (kbar)
(a3’ [m]

L

9 1
s
500 600 700 800 900
Temperature (°C)
——— Chemosky etal. (1985) —-— Caoetal (1986)
- = == Evansetal (1976) wmresnnnenns JE11K NS € &l (1991)

— — — Jenkins & Chemosky (1986)

Fig. 2a Compilation of experimental data in various model systems.
b Petrogenetic grid for peridotites of Jenkins {1981}, antg antigorite;
g garnet; perid peridotite; grz quartz. For other abbreviations see

Pressure (kbar)

I 1 1 T T 1 1 I I T T
CMASH ’ +HED
2%
20} EI .
f melt
chi-tle- ) + 7
cpxe | chl perid crystals
18f perid |
2 sp perid
chi-flc \am-chl s _
8 perid /\ ot
/ an f0
a opx 1
/oa 0l cor i
an perid
4r 7 chl fo an P
/ perid, y
l 1 | 1 1 | L 1 - | ] A
500 600 700 800 900 1000

Temperature ("C)

experimentally determined curves
— == = semi-quantitatively derived positions

Table 1; note that ta = Mg-talc and tle = tale with Tschermak’s

component



Pressure (kbar)

)
1)

stable aluminous phase in lherzolite
40

30

20

spinel

(+ aluminous pyroxene)

10 reactiol i

500 1000 1500

Temperature {"C)
An + Fo=0Opx + Cpx + Sp
Opx + Cpx + Sp = Grt + Fo

100

[

a0

25

Depth (km})



Pressurs [GPa]

lherzolite

depleted lherzolite/enriched harzburgite

chlaorite 3 ;
; chlerite
lherzolite i lherzolite
&
©,
i)
=
o
b
&g
tremolite
chlorite
1 harzbursite
fale temolite
dwite chlorite gyl
anthophyllite 4
dunite
[ I
300 400 500 &l 700 &00 Q00 1000 300 400 300 a0 700 BO0 Q00 1000
Temmneraturs [*C] site Olivine . Temneratura [*C1
Harzburgite
Stabilita fazi v ultrabazickych 20 o \
h . h , e k , Ohivine Olivine
Crrth senl h Cerl
orninac 7ZaVvisi ta C NnNa mpyrote;uemop}’roxemte
\4 \ 4 . . — li ECYS i
dalSich sloZkach jako je A mopyroxentte
vrkl d F ODX CD}(
naprl a C Orthopyroxenite



CMASH CMFASH
Phases Phase components Phases Phase components
Chlorite clin Mg, MgAl[51;A1 0, ,iOH), clin Mg, MgAl[S1,Al] O, ,(OH),
(chl) ames Mg, Al,[5i,A1,]1 0, ,(OH), daph Fe,FeAl[5i, Al O, ,(OH),
ames Mg, Al,[51,Al, 1O, ,(OH),
Ca-Amphibole tr Ca, Mg, Mg,[51,]0,,(0H), tr Ca,Mg,Mg,[51,] 0,,0H),
(am) ts Ca, Mg, AlL[Si AlL]O,,(OH), ftr Ca,Fe,Fe,[51,]0,,i0H),
ts Ca, Mg, Al [Sl Al ]10,,i0H]),
Orthoamphibole anth Mg, Mg, [51,]0,,(0H), anth M. Mgz[":ﬂh] 0,,(0H],
(oam) ged Mg, Al [Si Al O,,(0OH), fath Fe Fe,[51,]0,,(0H),
ged l".{g_.hf"h]_\|:Si¢,.-f‘|L]3:|l'.:lu[li:l]-I]2
Tale ta gz 1g[51,]0, ,(OH), ta g, Mg[51,] 0O, (OH],
itle) tats Mg, Al[51,ALTO, (OH), fta Fe Fe[SlJ‘]leDHlj
tats Mﬂ 2 Al[51, Al O,,(0OH),
Orthopyroxene en MgMg[5i,] 0, en MzMg[5i,]0,
(opx) mets MgAl[SIAl O, fs FeFe[Si_aj 0,
mgts MgAl[SIAl O
Clinopyroxene di CaMg[51,]0, di CaMg[5i,] 0O,
lcps) cats CaAl[SIAI O, hed CaFe[51,]0,
cats CaAl[SIAl O,
cats CaAl[SIAl O,
Forsterite fio Mg,Si10, Olivine fo Mg, 510,
ifo) iol) fa Fe SlD
Spinel sp MgAl, O, Spinel sp MgAl ﬁD'
(sp] (spl) herc FEAI .0y
Anorthite (an) an CaAl,51,0,




Pressure (kbar)

ollvine normative rocks

MSH subsystem, harzburgile system

Metamorfoza

o

Jd+Qtz
geotherm

Enstatite
Forsterile

-
[

ultrabazickych hornin ve
facii zelenych a modrych

Brucite bridlic
11 q
Antigorite Antigorite
Forsterite » Lizardit
g <200 °C, do ~ 20 kbar
a facie zelenych a modrych bridlic
5 e . 4.
16 il - ‘;:.mgrfﬂ » Chrisotil
solile 1-
5 s Jle oY <200 °C do ~300 °C, < 3-4 kbar
= Anthophyllite .
3 4 Forslerile > Antigorit
ontact <300-500 °C, do ~ 20 kbar
, Te1armﬂrlphilsm r facie zelenych a modrych biidlic
| B 1 I I |
200 300 400 500 600 700 800 900 1000
Temperature ('C)
MSH i1 |5 C11+Tle = Atp First smtagaariie
() |7 Citl == Atp+ 3 Bre Last chrysolile
2 N Adp+ 20 Bre =2 M Fo+51 Ha) Freest fovrsterale (low-1
larnat el Faad
(4 Alg = 18 Fo4-4 Tle+27 Hj0 Last antigorite (high-1
hint For serpentinites)
{5 Atg+ 14 Tle = 90 En+ 55 H;0
ifi Adg = 14 o+ 20 En+ 31 H.0O
{7 9 °7le+4 Fo = 5 Ath+4 H,0 Tle-out Gt lower P
{8 [e+Fo =2 5 En+H.0 I'e-omt {at hagher P)
(9 Athi+ o = 9 En+HA0 Anthophyline-oul



Metamorfoza TR e
5 , . rc+AlQ
ultrabazickych hornin ve e Atg+Tic
X ° r m 12 =
facii amfibolitoveé a =
eklogitové 21
e il
w
T
3
w
w
s}
| =
o g~ Fo+Ath
nmpreaalon path
)
2 | — T [ |
e B il i 300 400 500 600 700
f : + 1le'= Al .
@) 17Cu= Atg+3 Bre Temperature ('C)
(R Alp+20 Bre = M EFo+51 Hy First fonstente (low-1
lernnit ol s}
(4 Alg = 18 Fo4d Tle+27 H.0 Last antizorite (high-1
it For serpentinites)
& Atg+ 14 Tl = 90 En+ 55 H,0)
Lil] Alg = 14 FFo+20 En+ 31 H.0O
i 9 e +4 Fo = 5 Mth+d 0 Tle-out G lower P)
(8 [e+Fo = 5 En+H.0O I'le-omt fat higher P)
9 Ath + Fo = 9 En+H.0 Anthophyllite-oul
CMSH (i) Alp+8 1= 18 Fo+4 Tr+ 27 H:0 Upper linit for Thn
. ' HL'r[lrulillitL"~
Ry It +1o =2 5Un+2 DNi+HLO Fremolite-out,
Iherzolile assemblage
K ASH (12 Chl == Fo+2 En+S5pl+4 H.0 Chlesrato-omit
Al Amplubole + olivine = orthopyroxene + clinopyroxene + Ha(O
(122)  Chlorite -+ ohvine + orthopyroxene + Fe-Mg spinel + H»(}



» antigorit je stabilni ve facii zelenych
bridlic

»tremolit je stabilni v amfibolitové facii
a objevuje se pii vymizeni antigoritu

» diopsid je stabilni za nizkych a
vysokych teplot tyto dvé pole jsou
oddélena polem tremolitu

Tlc+Fo Mastkova bridlice
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Tc =En + Qtz + H20

Tl

En Ctz

dehydration by
' 1 COMpression

Pressurs 3 En + Qiz + HoO

----—'

dehydration by
decompression

Temparaturs

dehydratacni reakce

. Tc + Fo = Ath + H20 (MSH)

. Ath + Fo = En + H20 (MSH)

e Tc=En+ Qtz+ H20 (MSH)

« Tr=En+ Di+ Qtz+ H20 (CMSH)
 Chl=O0Opx+ Fo+ Sp+H20 (CMASH)
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Naprosta vétSina obrazového materialu pochazi z celé fady internetovych stranek
vénujicich se metamorfni petrologii
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