Vyjznam fluidni faze pro mefamorfni procesy na prikladu
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1) Vyznam fluidni faze pro metamorfozu

Pozice fluid v horninach:

>
>

b)

vazana fluida nékteré mineraly (karbonaty, amfiboly, slidy) obsahuji ve své struktuie (OH)-, (CO2)*

fluida absorbovana na povrch zrn: vrstva molekul H,O a CO, o tloustce n€kolika A, pohyblivost téchto
molekul zavisi na okolnim PT a charakteristikach povrchu zrna (pfilnavost, elektrostatické vlastnosti, atd.).

fluida rozpusténa v silikatové taveniné: v migmatitech se voda ze slid nebo amfiboli stava soucasti
taveniny a ziistava bezvody restit

volna fluida jsou v porech mezi mineralnimi zrny a na drobnych puklinach:

na zaklad¢€ geof. dat se zd4, Ze ve svrchni kiife (~ do 15 km) se fluida pohybuji po puklinach, které
komunikuji s povrechem (Py;i<Piiiostaticky)

ve spodni ktife je pohyb fluid vazan na sit’ horizontalnich puklin bez komunikace s povrchem
(Pﬂuid:Phtostaticky)'

H,O absorbovana na povrchu zrna




Slozeni metamorfnich fluid: 1 bonded H;0

> H,0, CO,, F, CL,N,, CH,, SH, \
» metamorfni fluida jsou smési nékolika /
ke P& ol slomku osky ve fuidni fizh Z=x )\’
7 4
Py.0 =P,( H,0 ) =P.XH,O = adsorbed and
H,0+CO, +CH,... g7 froe fhuids T

obr. rozdil mezi volnou absorbovanou a

].:'!I or P ot = z Pp = PI—]?U + F'(:f{::l\1 +PCH ... vdazanou vodou v hornindch

> to plati jen pro ideélni plyny pfi = 11° -+ R_T In
termodynamickych vypoctech uzivime }l CO2 (T, P, x) u CO2 f CO2
fugacitu jako vyjadieni chemického

P=1bar XCO2=1

potencialu ve fluidni fazi.

Qo = \A
kde K 0o = Hear ey, i)



Zdroj fluid v horninach (voda):

N\ -7+ =, —a7=e==| » vpoOrech mezi jednotlivymi zrny, v inkluzich, v trhlinach
/ “—‘“r;_é 4._-_-’1/ AN T4 | = do vétsich hloubek se dostava napiiklad na subduk¢nich

% Ty V= snach

ﬁ 2 AP Z/i_#ﬂi | zonac

———— —#——-—-F—:‘-"’_‘_‘M__.—;-—_’-c___—-—-——“'”—”z __F:-_-:: . r : M s X 1

__7‘:—«#_7*;7 / 5" » magmaticka fluida — uvolnuji se béhem krystalizace

—_— e x _{ = magmatu — typické intermedialni az kyselé¢ magma (Amp,

2y *;': *Z t\_{/ s N ‘;}/ | Bt) obsahuje 3-4 wt.% H,O

i N » metamorfni fluida — reakce uvolnujici vodu — lawsonit (11

wt % H,0), Mg-chloritoid (8 wt %), mastek (5 wt %), zoisit
(2 wt %)

FIG. 100—— Deformation of gabbros of the oceanic crust and percolation of fluid phase in a
shear zone (after Mével, 1988).

The black arrows represent the importance of hydrothermal flow schematically, according to
their dimensions. The weakly to uncontaminated gabbro (cross pattern) forms blocks sur-
rounded by the schistosity. (Scale: 10 cmto 1 m),

FIG. 61 — Schematic diagram of a convective hydrothermal system developed in the roof of
an intrusion (crosses) (after Fyfe and Henley, 1973).

The fluid phase (water vapour and hydrocarbonic fluid) has a high fugacity around the intrusion
and reaches the low energy (low pressure and temperature) near-surface domain, Cooled and
condensed near the surface, the fluid phase sinks to depth following the convection circuit
shown by the arrows. This circulation is accompanied by a convective heat transfer toward the
surface, forming a hydrothermal plume over the intrusion (isotherms in degrees C). Silicates
are dissolved by the high temperature fluids and the cations in solution precipitate at low tem-
perature along the hydrothermal veins (¢f. Fig. 63) which characterize former convective sys-

tems (see also Fig. 98).
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» progradni metamorfni reakce na
nichz se ucastni H,O jsou dehydratacni

staurolit = granat + biotit + AL,S10, + H,O
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Retrogression

.-

Chlorite
| |_|
Diffusion Diffusion
Range Range

» retrogradni metamorfni reakce
na nichz se ucastni H,O jsou
hydratacni

» priklady: vznik Chl z Grt nebo
K-Zivec + ALSIiO; + H,0 =
muskovit + kiremen
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slozeni fluidni fAze se miize vyrazné ménit s hloubkou. = .7 &*

0.4 0.5 0.6 GPa
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SloZeni H20 — chloridovych fluid vypoc¢itané pro ultramafické
sloZeni okolnich hornin a pri geotermalnim gradientu 0,1°C/bar:
m, je molalita. Eugster a Baumgartner (1987) Mineral solubilities
and speciation in supercritical metamorphic fluids. In I. S. E.
Carmichael and H. P. Eugster (eds.), Thermodynamic modeling of
geological materials: Minerals, fluids, melts. Rev. in Mineralogy,
17, Mineral. Soc. Amer, pp. 367-403. Winter (2001) An Introduction
to Igneous and Metamorphic Petrology. Prentice Hall.
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C-O-H-S fluida koexistujici s grafitem pri tlaku 0,2 GPa s
f,, pufrovanymi kiemenem-faialitem-magnetitem a f_, je
fizena pyrhotinem o sloZeni Fe . .S. Holloway (1981)
Compositions and volumes of supercritical fluids in the
Earth's crust. In L. S. Hollister and M. L. Crawford (1981).
Short Course in Fluid Inclusions: Applications to Petrology.
Mineral. Assoc. Canada. Winter (2001) An Introduction to

Igneous and Metamorphic Petrology. Prentice Hall.



 fluida se v horning€ pohybuji podé¢l puklin a intergranular

* koncentruji se hlavné v trojnych bodech kde je v kontaktu nékolik
mineralnich zr

Three-dimensional distribution of fluid
about a single grain at 0 < 60° (left) and
0 > 60° (right). In the center is a cross
section through a fluid tube at the
intersection of three mineral grains for
which 0 = 60°. After Brenan (1991)
Development and maintenance of
metamorphic permeability:
Implications for fluid transport. In D.
M. Kerrick (ed.), Contact
Metamorphism. Rev. in Mineralogy, 26,
Mineral. Soc. Amer, pp. 291-320.

o tlak fluid v systému vétSinou odpovida litostatickemu tlaku nebo
je mzsi (Pfluid = PH20 + PCO?2).

« pokud je tlak fluid ve spodni kiife nizsi je to zpisobeno tim Ze v
hornin¢ nejsou mineraly obsahujici tékaveé slozky (napf. granulity)

 fluida uvolnéna metamorfnimi reakcemi maji tendenci migrovat
do oblasti s nizSim tlakem.



Pohyb fluid v zemske kure

V podminkach zemske kiiry maji hydrotermalni roztoky charakter vodnych
roztoki o teploté 50 az 700 °C

Do vétSich hloubek se hydrotermalni roztoky dostavaji:

1) na subdukcnich zonach (v porech sedimentii, v mineralech)

2) podel vyznamnych zlomu
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: Perth-Whataroa Main
' Main i
NW Fault i SE Junction Divide
Divide J .
i I y :
/ K — SL.
! v = E
B —-"i :’_:;:.-'_.—]-klﬂﬂ— ;J'luid-d-::plcmj E_ N
Moo 1. ;high—grudc schist’
351 AUSTRALIAN _
kM PLATE PACIFIC
PLATE
0 ﬁﬂklll

!I Areas of imaged low resistivity

Fig. 7. Interpretive geologme cross-section beneath the Southern Alps, with pattern of flud flow based on magnetotelluric data
from the SIGHT (South Island GeopHysical Transect) programime at Perth-Whataroa, after Wannamaker e al. (2001), See text
for explanation.



Hot water rises,
reacts with rock.
5 A

Sea level

Intermediate-depth
earthquakes &
dehydration reactions?

H2O0 transport deep
into the mantle?
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A ca 1.79-1.72Ga

B.ca. 1.70 Ga

Yycming
Pmvince

Figure 7. Tectonic cartoons illustrating possible tectonic setting of the Yavapai-Mazatzal boundary at different times; vertical exaggeration is
~3:1. (A) Setting ca. 1.75-1.72 Ga: Yavapai-Mazatzal convergence 1s accommodated by northwest-dipping subduction of young, hot., oceanic
crust. Rocks at southeast margin of the Yavapal province undergo heating and burial at this time, whereas Mazatzal arc crust is little affected by
tectonism. Eclogites form during subduction of oceanic crust beneath Yavapai province. (B) Setting ca. 1.0 Ga. during collision between Yava-
pal and Mazatzal crust. Collision causes shearing along suture, development of southeast-vergent thrust belt and overthickening of Mazatzal
crust, and hydration of Yavapail crust in response to heating and devolatilization of Mazatzal crust £ oceanic sediments. Continued convergence

likely causes steepening of suture. Dashed lines labeled 1 and 2 show future ( Tertiary) locations of northwest and southeast diatreme populations.
P-T—pressure-temperature.
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2) Rozd¢leni metamortnich reakci

v horninach bohatych Ca a Mg
V metamorfovanych hornindch se béZné setkavame s
témito typy reakci:
1) pevna latka — pevna latka
Grs + Qtz=An+ Wo
Ca3Al2Si3012 + SiO2 = CaAlI2Si208 + 2CaSiO3
2) dekarbonatizac¢ni reakce
Cal + Qtz=Wo + CO,
CaCO3 + Si02 = 2CaSiO3 + CO2)
3) dehydratacni reakce
Ms + Qtz = Kfs + Sil + H,O
4) reakce produkujici H,O a CO,
A =B +nH,0 +nCO,
Tr + Cal + Qtz= D1 + H,0 + CO,

Ca2Mg58i18022(0OH)2 + 3CaCO3 + 28102 = 5CaMgSi206 + H20 + 3C0O2

5) reakce konzumujici CO, a produkujici H,O
Zo + CO, =An+ Cal + H,0

2Ca2Al138i3012(0H) + CO2 = 3CaAl28i208 + CaCO3 + H20
6) reakce konzumujici H,O a produkujici CO,
Dol + Qtz + H,0O = Tc + Cal + CO,



» Nejvyssi stabilitu ma mineral pokud neni v systému
pritomna Zadna potencidlni reaktivni faze.

« kalcit = CaO + CO2 (CaCO3 = CaO +C0O2) probehne az pri
teplotach kolem 1200 °C

« kalcit + kfemen = wollastonit + CO2 (CaCO3 + SiO2 =
CaSiO3 + CO2) jiz pfi 600 °C
Zména AG pii 600 °C a 0,1 MPa je pro tu reakci —54 KJ/mol zatim co pro rozklad
kalcitu je to +33 KJ/mol (pfipomenuti: podminkou rovnovahy pro reakci je AG = 0).

» Fluidni faze ovliviuje také reakce v nichz pifimo
nevystupuje napt. Ky => Sil



ZH* Sillimanite

Kyanite

EH++-3H1|:|' 1 mm

3A1,810, + 3810, + 2K + 3H,0 => 2KAI;51,0,,(OH), + 2H"
Kyanit  Qtz fluida Muskovit

2KAlLS1,0,,(OH), + 2H" => 3AL,S10, + 3510, + 2K* + 3H,0

Muskovit Sillimanit  Qtz fluida
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3) Dehydrata¢ni a dekarbonatiza¢ni reakce

A<=>B+H,0

pro tuto obecnou dehydratacni reakci plati:
dP/dT = AS/AV

AS = Sg + Spp0 - Sp = ASggias TSm0
AV=Vy+V,,-V,=AV_ .+ Vo
nartistem teploty vétSinou znamena pozitivni
AS hlavné pro reakce kde je produktem plyn
nebo fluida (maji vétsi entropii nez pevna
faze)

solids

pii nizkém tlaku a vysoké teploté maji fluida
malou hustotu a AV pro reakci je relativné
velké smérnice dP/dT je pozitivni

pi1 vysSich tlacich pobliz kontinentalni
geotermy jsou fluida stlaCena vice a AV je
mensi

pi1 vysokych tlacich (plast’) muze byt AV
negativni, protoze je ale AS stale pozitivni
zakfivuje se reakeni linie zpét

Pressure

Klra

Plast

dPidT negative

dF/dT = @

AV>>()
dPidT positive

Temperature




3 — — * Pozici dehydratacnich a
i " dekarbonatizacCni reakci ovlivhuje
> pomér H,0 a CO,
g A g « prikladem muUze byt reakce:
'_‘ﬁ - 4 -
R kalcit + kremen = wollastonit + CO,
= Calcite
Ay
Lo tquartz o} Wollastonite . 0
+finid ‘ + fluid *  Pco, stoupa se vzrustem teploty
i : . « pole stability karbonatu je redukovano
: / : ph’tomnc.)sotl’ \{9dy (Pcoe< P)a nao_pa!< u
e ‘ T o metapelitl pfitomnost CO, ve fluidni
T(_OC" fazi redukuje pole stability
hydratovanych silikatu (P,o< P)
(b) , , . ,
o i * pokud neni v systému dostatek fluidni
| | faze mlze zUstat ¢ast reaktantl stabilni
0.8}  Calcite Poaa 402 | v poli stability produktu
+ quartz = | kbar
. 0.6 L + fluid loa _ e |
E’ % Univariant decarbonation curves [or reaction 16.23 as a func-
04 k st - 06 < ;;:m ol’t I.comp“-:wsition of the fluid. Compare J’igEII:C 16.16.
+ flid ﬁo’tt_ec_ ines show correspondence between specific values
02k Lo of T, P, and composition in the two diagrams. (a) Py,,; =
' {"’_H_,u + Pco, and Xco, + X0 = 1. (b) Reaction curve in
0.0 , A , . , : L0 [ ‘f?(r.'r.Jf (Xm,0) space at Py,,; = 1 kbar. The four data points
200 400 600 300 ‘ defining the curve are taken from (a). From experimental

work of H. J. Greenwood.
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pomér H,O a CO, ovliviiyje take dehydratacni reakce
Vliv Xy, je dobte patrny na reakct Ms + Qtz = Sill + Kfs + H,O

X0 = H,O/(H,0 + CO,)

pi1 vySSim Xy, roste teplota pi1 niz dochazi k reakci

A A
o
=
= orthoclase :
Q sillimanite
= muscovite
= quartz
0 XH20 1
(All CO2) (All H20)

Pressure (kbar)

oo

m)

b

With decreasing XHzo

L

200

1
400 600 800 1000
Temperature (°C)




4) fluidni faze a tavenina

« Slozeni magmatickych fluid: CO,, H,0O, SO,, CO, H,, S, , HCI

* vodou nasycend tavenina (water saturated melt): obsahuje tolik
vody kolik za danych PT je mozné a musi koexistovat s fluidni
fazi (zavisi na slozeni taveniny a X;;,,).

0 0 0 0

» ptitomnost vody vede ke: sniZeni teploty
solidu a likvidu + depolymerizaci: rozpadu
O-O vazeb mezi tetraedrickymi skupinami 0—S8—0—8—0 +H0 «— 0—S—O0H HO—S—0
(drasticky se snizuje viskozita).

0 0 0 0
oF 2) Vliv dalsich komponent na teplotu solidu taveniny.
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castecné saturované (b) a bezvodé taveniny (c). anortitu ve vodou nasycené taveniné



Volatiles (water and CO,) are

added to a hot dry rock. & 2
: £
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Figure 6.9 Solidi for basic rocks under anhydrous and
water-saturated conditions. The shaded area ropresents the
range of andesite liquidus temperatures. Geotherms 1 and 2
are two possible thermal gradients within the upper part of
the subducted slab. Geotherm 1: a cold slab model in which
the upper part of the slab is cooled by endothermic
dehydration reactions. Geotherm 2: a warm siab model in
which the unper surface of the slab is heated by frictional
effects. (After Gill 1981, Fig. 8.1, p. 232).

Solid plus melt



teplota krystalizace
je vyrazné zavisla
na sloZeni taveniny
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Chovani fluid béhem migmatitizace

Dehydratacni taveni muskovitu

 KASH: muskovit + plagioklas +kifemen =
K-zivec + ALS10, + tav. (1)

* Dehydratacni taveni biotitu

« KFMASH:
biotit+plagioklas+sillimanit+kiemen =
granat + K-Zivec + tav. (2)

« KMASH: flogopit + sillimanit = Mg-
cordierit + K-zivec + tav. (3)

« KFMASH: biotit = ortopyroxen + K-Zivec
+ tav. (4)

« KFMASH: biotit + granat = ortopyroxen +
K-zivec + cordierit + tav. (5)

P GPa
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Mach Wilson (1989)



G () = resiite
protolith
Migmatit tvoreny svétlym nesosomem (Qtz+Fsp) tmavy melanosom
— C i tvori Grt+Bt.
= Tmm = — MESs0S0me =
@ melanosome
melt | |@UCOSOME
|
------ I melanosome B
— MESOS0ME — — —
— = restite — = MESNsame =

Fig. . Mew migrmtile mode] imabving a three -singe process inoa
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and adjacent restite (o form o lepcosome - melaosomne par (0 2 Tavenina krystalujici na misté uvolnila vodu (kolem 5 hmotnostnlch (ypl”l

[1i, 750°C, Skbar). Diky tomu doslo ke hydratacni reakci produkujici na vukor
Kriegsman (2001) grandtu biotit. Vysledny migmatit md slozeni Qtz+Fsp+Bt+Sill+Grt.




5) Celkove chemicke sloieni Ca a Mg bohatych
horniny (zjednodusené)

- kvarcity S10,

- kfemen-zZivcove horniny S10,-Al,0;-K,0-Na,0-CaO-H,0
- metapelity S10,-Al,0,-K,0-MgO-FeO-H,0
- metabazity S10,-Al,0,-Na,0-MgO-FeO-H,0
: vapenatosilikatove horniny S10,-Al,0,;-K,0-Ca0-MgO-H,0
- metakarbonaty S10,-Ca0-CO,-H,0

- kfemite dolomity MgO-Ca0O-S810,-CO,-H,O

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



A) Metamorfoza karbonatovych hornin

Karbonatové horniny, vétSinou vzdy zneciSténe silikdtovou piimesi, 1ze rozdélit
podle jejich mineralogickeho (chemickéeho) slozeni a pritomnosti fluidni faze do
nékolika systémi:

kalcitické Ca0O-S10,-H,0-CO, CS-HC
dolomitické Ca0O-MgO-8i0,-H,0-CO, CMS-HC
vapenatosilikatové h.  K,0-CaO-MgO-Al,0,-S10,-H,0-CO, KCMAS-HC

typicke mineraly: kalcit, dolomit, tremolit, forsterit, diopsid, wollastonit, mastek,
periklas, brucit, kiemen, dale grosular, vesuvian, spinel, chlorit, flogopit, mineraly
skupiny humitu

Pro karbonatové horniny jsou rozhodujicimi faktory predevsim teplota a aktivita
fluid, tedy pomér H,O/CO, = X,. V nékterych horninach se uplatiuje take F.
Tyto horniny nejsou pftilis vhodné pro odhad vyse tlaku, s vyjimkou nizkotlakého
periklasu.






o Fazove vitahy v metakarbonatech

« fazove vztahy se zobrazuji v izobarickych T- X.,, diagramech,
v ruznych chemickych systémech. Existuje pomérné velké
mnozstvi reakci, kter¢ jsou vzhledem k jednoduchosti systemu
experimentalné pomérné presné definovane v P-T diagramech.

« CMSCH

dolomit = kalcit + periklas + CO2 (CaMg(C0O3)2 = CaCO3 + MgO + CO2)

« CTSCH

rutil + kalcit + kfemen = titanit + CO2 (TiO2 + CaCO3 + SiO2 = CaTiSiO5 + CO2)

« CASH

grosular + kfemen = anortit + wollastonit (Ca3AI2Si3012 + SiO2 = CaAl2Si208 + 2CaSi03)
« CASCH

zoisit + CO2 = anortit + kalcit + H20 (2Ca2A13Si3012(OH) + CO2 = 3CaAl2Si208 + CaCO3 +
H20)

« KCMASCH

flogopit + kalcit + kifemen = Kfs + tremolit + H20 + CO2 (5KMg3Si3Al1010(OH)2 +
CaCO3 + 2Si02 = 5KAISi308 + 3Ca2Mg5Si8022(0H)2 + H20 + CO2)



Typické mineraly karbonatovych hornin:

Kfemen S10,

Kalcit CaCoO,

Dolomit MgCa(CO,),

Wollastonit CaSiO,

Forsterit ~ Mg,S10,

Tremolit Ca,Mg.Si,0,,(OH)

Diopsid CaMgS1,0,

Mastek Mg, S1,0,,(OH),

Antigorit Mg, S1,0,(OH),

Humit (Fe,Mg), (S510,),(F,OH),
Klinohumit Mg, (S10,),(OH,F),

Mejonit Ca,Al;S1,0,,CO; ("3An.Cc")
Marialit Na,Al;S1,0,,Cl1 ("3Ab.NaCl")

Qtz + Dol = Di + CO,

Kfemen

SiO;

CO»

H,0

Mastek
Wollastonit

Forsterit

Kalcit Periklas



Dolomitické mramory

Ca0-MgO-SiO, -CO, -H, 0O system,. .
zelené plocha reprezentuji bézné Sl O
sloZeni vapenci a dolomiti. Tmavsi 2
¢ast trojuhelniku je vyclenéna pro
metakarbonaty druha polovina pro
ultrabazické horniny. Winter (2001)
An Introduction to Igneous and
Metamorphic Petrology. Prentice Hall.
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Diopside

Xenolit mramoru v ton
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Mramor: Tr+Cal



(b)

Pozice reakci v PT diagramu je
vyrazné zavisla na sloZeni fluidni

Si0,

faze

650

Pl"luid = | kbar

550

€ 450l i y
3 1;+ Dol + CO, +Hy0 4 + ?,_Cu\ i
2Tlc + 3Cal — A spob
350 _
| | | ! ’ : l
e 02 04 0.6 0.3



Dolomit + kalcit v pfebytku

FORSTERIT -

51

%-—‘A:\ITIGORIT Tr+Dol+H;0+COy

Tlc+Cal

I

10
Kfemen + kalcit v piebytku
800
P=2kb |
T(°C) 4  WOLLASTONIT (bez Qtz nebo Cal)
700 - -

O
c DIOPSID

“|=DIOPSID ®

1 +CO2
m*

600 — -
B et))
Ay \.-E:"'/_
500 — TREMOLIT — Dol

Dulezitou roli hraje také
nasycenost systemu Si0,.

V dolomitickych vapencich
(dolomit a kalcit v prebytku)

je pole stability tremolitu
posunuto a rozsifeno do
vySSich teplot

podstatné je redukovano pole
diopsidu na oblast vysokych

Xco2
az do X, = 0.3 pro 800°C
je stabilni forsterit. (asociace

Cal+Fo+CO2) namisto
wollastonitu



Metamorfoza mramoru v podminkach otevien¢ho systému

800 I I |
A) v mramorech P

kde Cal > Quz>Dol | 88
P = 1 kbar "4 ?0‘*

C

o

o

I
-0

Temperature °

externally

P =0.1 GPa

A controlled
fluid

T-X

co2
pole stability Tr , ¢ervené pole = Dol + Di, modré pole = Dol + Tc. Winter (2001)
An Introduction to Igneous and Metamorphic Petrology. Prentice Hall.

all*,r A f;h\
buffered / .
fluid L VN
1 | 1 1 | ] | ] 1
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diagram for pro dolomitické mramory pri P = 0.1 GPa. zelena plocha je CDE
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« 5Tc+6Cal+4Qtz—
3 Tr+ 2 H20 + 6 CO2

e d)Tc+ Cal - Tr + Dol
jen v dolomitickych
mramorech kde Tc >

Qtz

800

externally P=0.1 GPa

controlled

fluid

3
=]

3
=)

\ 5001

& % Temperature °C

3) Tr+Qtz+Cal




% Temperature °C

800

~J
o
o

E

I Tr+3 Cal+2 Qtz —
5Di+ 1 H20 + 3 CO2

externally P=0.1 GPa
\ODHT.I'OIISG

fluid

4) Cal +Di+Tr

S00.pn BEE 15 kW



* Cal+ Qtz—> Wo + CO2
 typicka reakce pro kontaktné

metamorfované horniny

e jen v mramorech kde Qtz> Tr

Temperature °C

(pak reakce Tr+Cal+Qtz —
Di+H20+CO2 produkuje mineralni

asociaci: Di+Cal+Otz)

800

externally P = 01 GPa

A controlled
fluid

700

xenolit nramoru v tonalitu
o

D1




Kfemen + kalcit v piebytku

800
P=2kb
T°C) 4  WOLLASTONIT (bez Qtz nebo Cal)
700 — '
] 5) Cal+Di+Wo b oM
ce DIOPSID
600 =
4) Cal +Di +Qtz
i '[II'-.Jr"r’u‘r]'J’Il:tjII
500 — ca@™  TREMOLIT — mrcdeS2
3) Tr+Qtz+Cal Dﬂ\*Ql1+ ’
HwST E;K' 2) Cal+Tc+Qtz 1) Cal+Qiz+Dol D'OLO h’{[T
I I T | I
0.6 0.8

Xcoz



B) v mramorech kde
Cal > Dol > Qtz (Tr > Dol)
P =5 kbar

1) Cal+Dol+Qtz

2) Cal+Tr+Dol

3) Cal+Di+Dol

4) Cal+Fo+Di

Tr + Dol

P =0.1 GPa

axternally
A controlled
fluid

Tic+ Cal

I I I I I | I I
800
P =0.5 GPa
\Wo externally
G e
Di + Dol
700 * Dk
,5-) o [ Dol +
Di i
g T‘r: Cal [ ﬁ-\
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500/, w00
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o
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}'/ Talc field
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©
B) v mramorech kde Xco, § o
=
Cal > Dol > Qtz (Tr > Dol) @
P =1 kbar Y,
1) Cal+Dol+Qtz 2 500
2) Cal+Tc+Dol /"-m\
3) Cal+Tr+Dol 47’;/\ T
4) Cal+Fo+Tr L\ —]
5) Cal+Fo+D1 0 01 02



W T

e ITr+ 11Dol — 8Fo + 13Cal + 1H20 +
9CO2

* V regionalné met. komplexech se
tato mineralni asociace vyskytuje az

pi1 hranic amfibolitové facie s
granulitovou (600-700 °C, 5-6 kbar)

« v Cal bohatych mramorech kde
Tr>Dol (3 Tr+5Cal > 11 Di+ 2
Fo+ 3 H20 + 5 CO2)

% Temperature °C




C) v mramorech kde Cal > Dol > Qtz (Dol > Tr) nebo Dol > Cal > Qtz, P = 1 kbar

Dolomite Forsterite Calcite Dolomite

-~
]J__r,%‘_‘ !
_a_J:\u'_,\-', i T
a6, WY 3T
. ¥ iy

L1y 47

‘ b5 I T 0,

Brucite

0 mm 05  Calcite

| S
(a) TREMOLITE ZONE (b) FORSTERITE ZONE  (¢) PERICLASE ZONE
S dolomite + 8 quartz + H,O — 11 dolomite + tremolite —  dolomite — periclase +
tremolite + 3 calcite + 7CO, 8 forsterite + 13 calcite calcite + CO,

+ 9CO, + |
Py + B (Retrograde:

periclase + H,O — brucite)



Dolomit + kalcit v pfebytku
800 ——

5) Cal+Fo+Per

FORSTERIT

4) Cal+Dol+Fo

Z_DIOPSID
D?* B gﬂ-CGi

S

SiO2
Qtz

3) Dol+ Cal+Tr TREPVIOLIT
_ANTIGORIT

Tr+Dol+H;0+C04
Tlc+Cal

Ca0 Dol MgO



Tle + Cal

Cal + Qiz
Wo + CO,

Si0
C ‘otz
+H,0 +H,0
e | P + CO, | + CO,
T 8 3 8
it % Tl 2] Tie
5|8 gle.
+|+ T
3|2 o |+
a =4S
g0 a0 MgO ca0 0
Ccal Dol cal
d Sio
| a
(=} | f
O Q|9
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X + lI" =4 o
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[
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g0 ! g0

Cal

Dal

trojuhelniky CSM pro systém CaO-MgO-

Si0,-H,0-CO, pfi tlaku 1 kbar a X

CO2 <

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.



20 km

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.
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