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III. 1. Vznik granitové taveniny v kontinentalni kiure

Voda je jako volna fluidni faze v kontinentalni kife pfitomna maximalné do hloubek
nckolika kilometrt (Yardley a Valley, 1997).

Vyjimku tvofi pouze nizce metamorfované horniny vtazené rychle do velkych hloubek

(subduk¢ni zony).

Jinak probihd vznik granitového magmatu jen za podminek dehydrata¢niho taveni.

Modelovanim taveni v metapelitech, kde veskera fluida vznikla dehydrataci ptitomnych
silikatli, se zabyvali Spear et al. (1999). Autoi1 studovali chovani metapelitii s mineralni
asociaci granat + sillimanit + muskovit + plagioklas + kiemen a sestavili modely chovani
metapelitll v pribéhu riznych typli metamorfoz.
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PT diagram znazornujici dvé hlavni
dehydratacni reakce a jejich pozici
vici geotermalnim gradientum 18,
25 a 40 C/km. Druhy diagram
znazornuje priblizné mnozstvi
taveniny, které je behem
dehydratacnich reakci produkovano.
Je treba upozornit, Ze diagram dava
jen hruby prehled o pomérném
zastoupeni taveniny produkované
obéma reakcemi, protoze mnoZstvi
vzniklé taveniny je zavislé na
modalni m zastoupeni muskovitu a
biotitu ve zdrojové horniné.
Diagram je prevzat z prace Wintera
(2001).



. kontinentalni kufe je pritomna fada minerali, kter¢ béhem svého rozpadu mohou
produkovat taveninu. Podle vyznamu je mizeme sefadit: biotit-amfibol-muskovit-epidot-

staurolit.
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Figure 2.6. Stability curves for staurolite (after Garcia-Casco et al. 2003) and epidote (in tonalite)
(after Schmidt and Thompson 1996). PWS = Pelite wet solidus; Ms and Bt — muscovite and biotite-
dehydration melting curves, respectively. Al-silicate stability fields after Pattison (1992). Labelled
20-80°C/km linear geothermal gradients are shown for reference.



Granity jsou vysledkem tady po sobé jdoucich procesii které jsou v mnoha ptipadech
z geologického hlediska velmi rychlé:

zahtati protolitu a vznik taveniny na hranici zrn
oddéleni taveniny od protolitu
vystup taveniny k povrchu

frakcionace a diferenciace

Vznik a vystup taveniny miize byt velmi rychla i méné€ nez 350 tisic let (ka).

U granitd je urceni tohoto intervalu ¢asto komplikované (neobsahuji dostatek minerala
pro datovani takto rychlych procesit).

Taveni zaCind kdyz protolit protne v PT diagramu kiivku solidu. K tomu miZze dojit
tremi zplisoby: progradnim zahtivanim, pfinosem fluid, dekompresi

Ke vzniku granitové taveniny dochazi velmi Casto az po vrcholu metamorfozy kdy jiz

dochazi k sniZovani tlaku ale horniny maji stale vysokou teplotu. Tedy béhem exhumace
orogenu.



PT diagram znazornujici schematicky vztah mezi subsolidovou
dehydratacni reakci, H2O saturovanym dehydratacnim tavenim:
H= hydratovany mineral, A mineral bezvody, V= voda, Ms=
H2O0 saturovana tavenina, Mu= H2O nesaturovana tavenina, 1=
invariantni bod. Diagram je prevzat z prace Chena a Grapese
(2007).

III. 2. Vznik taveniny

Typologické vztahy mezi subsolidovou
dehydratacni reakci, vodou saturovanym
tavenim a dehydrateCnim tavenim je
vyjadien na obrazku.

1) hydratovany mineral se rozpada na
vodu + bezvody mineral

2) voda + bezvody mineral reaguji za
vzniku hydratované taveniny

3) hydratovany mineral se rozpadd na
bezvody restit a H2O nesaturovanou
taveninu

4) hydratovany mineral + voda produkuyji
taveninu saturovanou vodou

Tlak P1 reprezentuje minimalni tlak pfi
némZ  hydratovany  minerdl muze
koexistovat s taveninou



A. Muskovitové dehydratacni taveni

* Prvni tavenina v tomto systému Grt + Sill + Mu + PI + Qtz vznika reakci:
Paragonit + ki‘emen = sillimanit + albit + tavenina (3)

* Ale obsahy paragonitové komponenty v muskovitu byvaji mal¢ (20-5%), takze vysledné
mnoZstvi taveniny se pohybuje kolem 1-2 mod. %.

« Tavenina je oproti typickému granitovému minimu obohacena na Na.

* Ponckud vétsi mnozstvi taveniny produkuje reakce dehydratacniho taveni muskovitu:
Muskovit+plagioklas+kiemen = Al12SiO5+draselny Zivec+tavenina (4)

* Touto reakci vznika tavenina odpovidajici objemové zhruba 70% plvodniho muskovitu.
ProtoZe typické pelity obsahuji 10-20 modalnich procent muskovitu mize touto reakci
vznikat 7-14 mod. % taveniny.

« Pfitomnost Ca v systému posouva reakci do vysSich teplot (okolo 625-700 °C pro 5 kbar).
« Kdyz muskovit obsahuje Fe, Mg, a T1 byva produktem reakce také cordierit, biotit a spinel.



Muskovit (diokt.)
KAIL[AIS1,]0,,(OH), muskovit
NaAl,[AlS1,]0O,,(OH), paragonit
CaAl,[Al,S1,]0,,(OH), margarit ¢
K[MgAl][S1,]O,,(OH), Mg-Al-celadonit
FeAl [Sl4]OIO(OH)2 Fe- Al- celadomt



Pressure (kb

Temperature (°C)

600 I 700 800
I ]
£
-
K
!
Q.
[ab}
a
— Ab I‘Jls R #
vV o) Qz Ksp L~ = s !'_‘-"15 Ksp
P Q Msxt
— I v p\AS Y QzNL~20_' '~ 40
v\l PI
12

Figure 2.2. P-T diagram showing various subsolidus and suprasolidus muscovite breakdown reac
tions in the systems KASH, KNASH, and CKNASH (after Thompson and Algor 1977; Thompson
and Tracy 1979). PWS = wet pelitic solidus after Thompson (1982). Labelled 20-80°C/km linear geo-
thermal gradients are shown for reference. For chemical system and mineral abbreviations see Table 2- L.



Metagranit s turmalinem (Stard Rise, M) Otz+Fsp+Ms+Tu



Pl+Kfs+Qtz+Ms+Bt+Tu +And

Akcesorické min.: apatit, zirkon, monazit,
xenotim, 1lmenit



Vmeit (cm3) per cm3 crystal

B. Staurolitové dehydratacni taveni

* Mal¢ mnozstvi taveniny muiZze vznikat 1 rozpadem staurolitu:
Staurolit + muskovit = granat + biotit + AI12SiOS5 + tavenina (5)

e 7 10 modalnich procent staurolitu vzniknou 1,5-2 modalni procenta taveniny.
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C. Biotitové dehydratacni taveni
» Dalsi reakce produkujici taveninu jsou zalozeny na rozpadu biotitu, k némuz muize dojit
nckolika zpusoby z nichZ nejbéznéjsi jsou:
Biotit + AI2SiO5 + kifemen = granat + cordierit + draselny Zivec + tavenina (6)
Biotit + sillimanit = granat + draselny Zivec + tavenina (7)

5

Granit s grandtem a
restitickymi enklavami
(Trebic)
QOtz+Fsp+Ms+Bt+Grt




Biotit (triokt.)

KMg.[AlS1,]0,,(OH), flogopit
KFe,[AlSi,]O,,(OH), annit
K[Mg,Al][ALSi,]O,,(OH), eastonit
K[Fe,Al][ALSi,]O,,(OH), siderophilit



P11 reakci (6) je Cast vody uvolnéné z biotitu vazana do cordieritu (zhruba 19%).
Hornina s 10-20 mod. % biotitu tak pti tlaku 4 kbar a teploté kolem 710 °C
produkuje 7-14 mod. % taveniny.

Za podminek kolem 8 kbar a 850°C je rozpustnost vody v taveniné polovic¢ni a tak
ze stejného mnozstvi biotitu (10-20 modalnich procent) vznikd 13-26 mod. %
taveniny.

Reakci (7) mize vzniknout z 10 modalnich procent biotitu 7-16 mod. % taveniny.
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* Obecné mizeme reakce produkujici taveninu rozpadem biotitu napsat takto:
Bt + Qtz + Pl + AI2Si05 = Kfs + tavenina + Grt + Cdr
Bt + Qtz + Pl = Kfs + Opx + tavenina + Grt + Cdr

« Jako dalsi produkty se objevuji Fe-Mg spinel, T1 magnetit, ilmenit, rutil, biotit,
ortoamfibol

* Pozice dehydratacni kiivky zavisi na sloZeni biotitu.

* Vyssi obsahy Mg/(Mg+Fe), F a Ti posouvaji kitvku do vysSich teplot.

» V¢Etsi variabilita chemického sloZeni biotitu vede k tomu Ze dehydratacni taveni
biotitu probiha v $irSim rozsahu teplot nez muskovitoveé dehydratacni taveni.



Metagranit s grandtem a turmalinem (Bystré, PK) Qi2+FSp+Ms+Bt+Grt



e PI+Kfs+Qtz+Bt+Ms+Grt £Tu £Sill

» Akcesorické min.: apatit, zirkon, monazit,
xenotim




D. Epidotové dehydratacni
taveni

» Pt tlacich nad 10 kbar je epidot prvni
mineral v bazaltech a andezitech jehoz

rozpadem miize vznikat tavenina (Vielzeuf
a Schmid, 2001).

* 'V béZném metabazitu je 5-15 wt % epidotu
a zn¢j vznikne jen mal¢ mnozstvi taveniny
(pod 10 %):

Bt + Qtz + Ep = Hb + Grt + Kfs + PI + tav.
Amp + Zo + Qtz = Grt + tavenina

Fig. 5 Phase diagram for the fluid-absent melting of a mid ocean
ridge basalt (MORB] saturated with quartz/coesite at subsolidus
conditions. Column to the left Asmmbltm,s just below the wet
solidus (thick line). Relerences: A Apted and Lmu (1983). B Poh
(1993); C Lambert and Wyllie (1972), and Poli (1993); D Pawley
and Holloway (1993), Poli (1993), and see also Zhang et al. (1995)
for Dabie-Shan; £ Poli and Schnudt (1995). Dark shaded field
Narrow multivariant field of amphibole + quartz breakdown. Light
shaded area Wide multivariant field of amphibole + plagioclase
breakdown. Subscripts Predominant phase components
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E. Amfibolové dehydratacni taveni
*  Obecné mizZzeme reakce produkujici taveninu rozpadem amfibolu napsat takto:
Hb + Qtz + Grt = Opx + Cpx + tavenina + Pl (za tlaku pod 10 kbar)
Hb + Pl + Qtz = Grt + Cpx + tavenina (za tlaku nad 10 kbar)
« Jako dalsi produkty se objevuji Fe-Mg spinel, titanit, ilmenit
e V systému kde neni Qtz probiha taveni za vysSich teplot reakci:
Hb + Pl = Cpx + Opx + An + Ilm + Ttn + tavenina + Sp Temperature (°C)

400 600 800 1000 1200
.., ! | | | | - 0
* Vyssi obsahy Mg/(Mg+Fe), F, Cl a ° T Hece-opoppiveSg,
Ti posouvaji kiivku taveni amfibolu - .
do vysSich teplot. i |10
* Biotity se pii tlaku 5 kb rozpadaji v o I e o SR T - s A §0-____
rozsahu teplot 690-820 °C a 2 T T Ty
amfiboly 920-970 °C v zavislosti na @ 6 =
slozeni. | T30 >
@ g % NBg 1y
D‘ —
= \\“20 B
— 50
Reakce dehydratacniho Hb + Qz and Hb with no Qz reaction curves from Choudhuri and Winkler (1967); Binns (1969):
taveni amfibolu Spear (1981); 1. Piwinskii (1968; tonalite 101); 2. Conrad et al. (1988); 3. Winther and Newton

(1991); 4. Rushmer (1991); 5. Patifio-Douce and Beard (1995); 6. Beard and Lofgren (1991).
Al-Silicate stability fields after Pattison (1992). Labelled 20-50°C/km linear geothermal gradients



Obecny vzorec amfibolu:

A0-1 B, C5 [T8022] (OH, F, Cl)2
A=Na K
B =Ca Na Mg Fe** (Mn Li)
C=Mg Fe?* Mn Al Fe3™ Ti
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Figure 2.5. P-T diagram showing biotite- and hornblende-out reaction curves for various granitic
compositions. 1. Tonalite (101) (Stern and Wyllie 1975); 2. Tonalite (101) (Piwinskii 1973a);
3. Granodiorite (103) (Piwinskii 1973a); 4. Granodiorite (102) (Piwinskii 1973a); 5. Granite (104)
(Piwinskii 1973a); 6. Quartz diorite (DR 510) (Piwinskii 1973b); 7. Quartz diorite (DR 126) (Piwinskii
1973b); 8. Quartz diorite (CP2-1) (Piwinskii 1973b); 9. Granodiorite (JSP6-2) (Piwinskii 1973b);
10. Monzodiorite (MO-18) (Piwinskii 1973b).
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F. Bezvodé taveni

» Reakce produkujici taveninu mohou probihat dokonce i kdyZ je zkonzumovan vSechen
biotit a muskovit, naptiklad reakci:

Draselny Zivec + albit + kiemen + AI2SiOS5 + granat = tavenina (8)

* Pokud hornina prosla témito reakcemi, pohybuje se mnozstvi vzniklé taveniny kolem 26
mod. %.

« Takové mnoZstvi taveniny se miZe uvolnit z matecné horniny a migrovat jako graniticka
tavenina. Clemens a Vielzeuf (1987) odhaduji mnozstvi taveniny kriticke pro zahajenti jeji
migrace na 20-35 obj. %.

» Jakmile v hornin€ nejsou dalsi mineraly, které by svym rozpadem mohly produkovat vodu a
tavenina jiz opustila matecnou horninu, zastavi se i1 proces taveni probihajici diky reakci (8).
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I11. 3. Vliv chemického slozeni A
protolitu a PT podminek

An

Taveni Bt+P1+Qtz ruly (Gardien-
Thompson-Ulmer 1999)

Patino Douce-Beard 1995

trondhjemite / Granite
Ab % 11 Y 4 Dl'
= 2] -
10 kbar 15 kbar 20 kbar

Ab. , , ‘ o

®  Synpthelic Biotile Goeiss (SBG)
©  Systhetic Quartz Amphibolite (SQA)

« Chemicke slozeni taveniny je ovlivnéno slozenim protolitu, mnoZstvim fluid a PT
podminkami vzniku
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Fig. 6. Isobaric changes in modal compositions in SBG. Modes

calculated by mass balance (see text and Table 4).
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Patino Douce-Beard 1995



* Metasedimenty produkuji taveninu pievazné o sloZeni granit az granodiorit
* Intermedialni horniny produkuji taveninu pfevazné granodioritového az tonalitového slozeni
» Bazické horniny produkuji taveninu pfevazné tonalitoveého sloZeni

* Draslikem bohaté¢ mafické horniny produkuji taveninu granodioritového az adamelitového

slozeni
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Figure 2.8, Summary diagram showing normative Qz, Or, Ab, An ratio composition fields of granite
melts derived from melting of mica-bearing metasediments (grey-tone field); intermediate composi-
tions (diagonal hatched field), mafic compositions (unshaded field enclosed by solid line; field enclosed
by dashed line = K-rich mafic rocks). See Appendix 2 for details.



III. 4. Rychlost procesu —=| Granite

produkujicich granitovou _— .
° 11 1
taveninu ~500 yrsiy Crystallisation )
Tu a Ms-B ' ikl¢ dehyd 1
u a Ms-Bt granity vzniklé dehydrataénim — ™| plaopma chamber
tavenim indikuji vznik za nizkého stupné : 9 [ ]
parcialniho taveni (F < 0.2), ke vzniku | _ T adall
taveniny dochazi béhem 1-4 Ma. ~ 10 yrsi {-:__t_rﬂngpﬂr'l__
Rozdily v chemickém sloZeni a Sr izotopech 1
jsou zpusobeny odliSnym sloZenim protolitu = |
a rozdilnou aktivitou vody béhem anatexe VEIN NETWORK ;
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Tavenina vzniklad takovym tavenim je oproti 1-4 Bais) H|=_L.a|t--h"'“.I
typické tavening€ vzniklé v minimu flow ./
nabohacena na Si a Na diky rychlému T
rozpousténi paragonitové komponenty v Ms SUBSOLIDUS

a kfemene ASSEMBLAGE




. Koncentrace LREE a ZR v granitické taveniné vzniklé anatexi zavisi na rychlosti
rozpouSténi monazitu a zirkonu.

. Rychlost rozpousténi téchto mineralli zavisi na: mnoZstvi vody v taveniné, teploté a
rychlosti ohfevu protolitu.

. Pokud rychlost uvoliovani taveniny z protolitu ptekroCi rychlost rozpousténi téchto
minerali vznikne tavenina kterd neni staurovana Zr a LREE.

. ProtoZe rychlost rozpousténi monazitu je mensi nez zirkonu (pii ur¢itych podminkach)

muZe pfi rychlém uvolnéni taveniny vznikat magma saturované Zr ale podsycené¢ LREE
(Harris et al. 2000).

. Himalajské granity ukazuji prave toto nenasyceni LREE (rizna teplota Mnz a Zr term.)
. To ukazuje Ze k oddéleni magmatu doslo za méné nez 10 tisic let.

. Tavenina je z oblasti sv€ého vzniku
transportovana do magmatického
krbu kde muZze dochazet ke
zménam jejiho sloZeni v duasledku
asimilace hornin z okoli a frak¢ni
krystalizace.

. Transport taveniny a jeji
krystalizace muze byt u malych
téles peraluminickych granitli velmi
rychly fadové stovky let.

. U vétsich téles to mohou byt tisice
let.




Vznik a vyvoj taveniny zavisi na
rychlosti ohtivani protolitu a ta je
zavisla na tektonickém prostredi.
MnoZstvi taveniny pii kterém se jiz
mulZe migrovat mezi zrny zavisi na
mnoha faktorech (neyméné¢ F >
0.08-0.05)

Vyraznym faktorem je smérny tlak
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Taveni Qtz+Fsp v granulitech pii 760 2 kbar a 3 dnti (Mehnert et al. 1973)



Amfibolit na strizné zoné tonalitova tavenin
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II1. 5. Migmatitizace

a. Agmatit (Breccia structure):
ostrohrannné ulomky melanosomu
tmelené leukosomem .

b. Diktyonity (Net-like structure):
leukosom tvori rozvétvenou sit’ Zilek.
c. Agmatit s prevahou leukosomu
(Raft-like structure).

d. Migmatit s ptygmatickymi zilkami
- Zilky silné zprohybané.

e. Stomatit (Stromatic structure)
stiidaji se pasky leukosomu a
melanosomu a pasky probihaji vice
méné rovné.

f. Dilatonit (Dilation structure).

g. Stomatit s prevahou leukosomu
(Schleiren structure).

h. Nebuliticky migmatit (Nebulitic
structure): melanosom tvori
rozplyvavé skvrny v leukosomu.
Upraveno podle knihy: Mehnert
(1968) Migmatites and the Origin of
Granitic Rocks. Elsevier.
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Nebuliticky migmatit (Nebulitic structure):
melanosom tvofi rozplyvaveé skvrny v leukosomu.
Pfedstavuje pocateCni stadium migmatitizace.
Velmi viskozni tavenina ziistava na misté sveého
vzniku.

Krystaluje v podminkach bez orientovan¢ho tlaku
nebo jen nizkého orientovaného tlaku.

« Mald velikost kapes taveniny vede k tomu ZzZe
tavenina nema zadny vztlak.

b) Stomatit (Stromatic structure) stiidaji se drobné
pasky leukosomu a melanosomu.

» Pasky probihaji vice méné rovné s ptivodni foliaci
a vtom pfipad¢ jde pravdépodobné¢ o taveni na
misté.

Nékdy vSak mohou byt rovnobézné 7Zilky k
pivodni foliaci diskordantni a pak jde o
mobilizovanou taveninu ktera prorazi mesosom.

Upraveno podle knihy: Mehnert (1968) Migmatites
and the Origin of Granitic Rocks. Elsevier.



¢) Diktyonity (Net-like structure): leukosom tvofi

rozveétvenou sit’ zilek.

K oddéleni taveniny doSlo diky orientovanému
tlaku.

Leukosom tvofi propojenou sit’ zilek.

Agmatit (Agmatite)  ostrohranné bloky jsou
obklopené¢ leukosomem tvofi brekcii (nemusi
nutné reprezentovat paleosom a melanosom)
Poruseni v disledku hydraulického vztlaku
taveniny.

Vznikaji v hornich ¢astech migmatitickych domd.
Predstavuji kontakt mezi granity a migmatity.

Upraveno podle knihy: Mehnert (1968) Migmatites
and the Origin of Granitic Rocks. Elsevier.
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minerals
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Migmatity mohou byt vysledkem nékolika deformacnich a metamorfnich etap
CORONA-CHA'VEZ ET AL. 2006
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Pokud se sttidaji leukokratni pasky s nizkym obsahem biotitu s pasky, které maji vysoky
obsah slid. Pasky maji mocnost od nékolika mm po nékolik cm. V takovém ptipad€ mluvime

o metatexitech tedy horninach, které si zachovaly strukturni znaky z obdobi pied
migmatitizaci (Brown 1997).



» Diatexity byly definovany jako horniny u nichZ byla smazéana stavba horniny pied

migmatitizaci (Brown 1997). Diatexity jsou drobnozrnné az sttedné zrnité. Struktura je
granoblasticka a pfednostni orientace je nevyrazna, nebo zcela chybi (Dalecin).







DEpth (km}

20- B——
= Partial ¢
\Meltlayer
40

Temperature (°C)

400 600 a0 10
; | | |

~10% melting
Metatexite

L S-amiogy

~ Diatexitefmagma f |
825+

10 Km
partial
melt

layer




Beginning of late-orogenic collapse

Mountain range
Sedimentation Sedimentation

Erosion

End of late-orogenic collapse

Tectonic attenuation Tectonic denudation
— mylonitisation — brittle extension
— ductile thinning — lateral sliding

Figure 2.42. Generalised diagrams illustrating the mechanism of diapiric exhumation (after F ig. 10 of
Vanderhaeghe et al. 1999). Two examples that could be explained by diapiric exhumation are the
migmatite core complexes of the Velay Dome, French Variscides and the Thor-Odin dome area,
Canadian Cordillera, described in Chapter 4 where thermobarometric, geochronological, structural and
sedimentological data imply that 15-20 km of exhumation has occurred (Vanderhaeghe et al. (1999)).
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settling of solid fragments
Fig. 1 ; Behavior of a partially molten rock as a function of the liguid-solid
proportions. Compilation of expenimental data and theoretical rheological
laws from Roscoe (1952) ; Arzi ( 1978) ; Van Der Molen and Paterson {1979) ;
Rutter and Neumann {1995) ; Philpotts et al. (1996). Geometrical thresh-
olds corresponding to mel connectivity and continuity of the solid frame-
work are indicated on the horizontal axis. Melt connectivity, which con-
trols the ability of melt to segregate by percolation through the continuous
solid framework, is achieved for a melt fraction of a few %. The continuity
of the solid fraction controls (1) the solid-liquid rheclogic transition and
thus magma mobility, and (2) settling of solid particles in the magma.
Metalexites are identified as solid-dominated anatexites, whereas diatexites
correspond to liguid-dominated omes. Segregation of 2 melt from cumulate
phases also occurs during magma crystallization when the crystals in the
mush form a continuous solid framewoerk (Philpotts and Caroll. 1996). The
liguid-solid proportions that correspond to the continuity of the solid frame-
work is likely to be differemt during partial melting and crystallization
(Philpous et al., 1996; Vigneresse et al.. 1996) Vanderhaeghe2001

II1. 6. Mobilizace taveniny a
vznik téles granitu

Pfi parcialnim taveni se prvni tavenina
objevuje na hranici zrn.

Béhem taveni je mobilita taveniny zavisld na
mnozstvi taveniny a jejich charakteristikach
(viskozita)

Metatexity maji reologii fizenou pevnou fazi a
u diatexitd se reologie tidi charakteristikami
taveniny.

Pokud je mnoZstvi taveniny velké (F > 0,26-
0,4) miZe se tavenina migrovat a vytvaret
télesa graniti.

Zona mezi zdrojem taveniny (diatexity) a
télesy leukogranitl je tvofena siti zilek od cm
do nékolika metrt.

Charakter této prechodn¢ zoény je fizen
reologickym kontrastem mezi pevnou fazi a
taveninou.



1. Early stage of crustal thickening

I i cLuial Tl ey

Migmatitizace postihuje komplexy
slozené z metapelitli az metadrob.

Probiha za relativné nizkych PT
podminek pod 800°C a kolem 4-7
kbar.

U diatexitli moze dojit k oddéleni
restitu od taveniny a vznikaji
leukogranity. Tento proces ma
fadu mezistupna

Fig. 7: Model of partial melting during orogenic evolution following &
period of crustal thickening, Isotherms 400 °C and 750 °C indicate the
approximaie location of the britile-ductile transition and the solidus of crustal
rocks, respectively. The large black ammows on the rght side depicts subduc-
tion which is responsible for downward advection of isotherms. 1) The thick-
ened orogenic cruist is affected by incipient melting. Increase in tempera-
ture in the zone of thickened crust is assumed to be related 1o radioactive
decay. 2) Partial melting of the orogenic crust is leading to the generation
of an anatectic layer and to pervasive melt migration through a network of
gramitic veins connecting diatexites to granites emplaced at a higher struc-
tural level. Arows pointing upward indicate the sense of melt migration
and arrows pointing downward indicate the sense of settling particles. d)
Exhumation and crystallization of a partially molien crust occurs in many
examples during orogenic collapse accommodated by normal faulting and
extension of the upper crust and by ductile flow of the lower crust.



III. 7. Segregace taveniny

Segregace taveniny (Melt segregation): znamena oddéleni taveniny od restitu béhem taveni

zavisi na propustnosti

zdrojovych hornin 8=6(0° 0=120°

prvni tavenina vznika na
hranici zrn

: o Fluid
Kapsy tavenin se zvetsuji

se zvetSujicim se stupném
taveni

dochazi ke sluCovani
jednotlivych dutin a ke
vzniku sit¢ kanalkt podél
hranice zrn

v granitovém systému jsou
mezi zrny thly 44-60° coz
umoznuje vznik
intergranularniho filmu,
ktery spojuje jednotliva
zrna (extrakce taveniny) Permeable [mpermeable
pokud je thel vétsi nez 60°

tavenina se neuvolni /Iwww.geosci.usyd.edu.au/users/prey/Teaching/Granite/



(Logna)

Effective viscosity

Parcialni taveni je zodpovédné za
diferenciaci kontinentalni kiry

Tavenina se miZe od horniny odd¢lit ale
zavisi to na viskozité taveniny geometrii
intergranularnich prostor mezi krystaly
(McKenzie, 1984) a deformaci

Zékladnim parametrem ktery kontroluje
odd¢leni, transport a vmistnéni taveniny

je viskozita
Critical Melt Fraction

SRT
FRT SPT
A Viscous Enon-newtoniani Plastic A
(Newtonian)i : : (Bingham)
™ FPT [
5 B
100 50 Melt Fraction (%) ()

Suspension like behavior %

Shear stress (Pa)

5
5.10

Viscous fluids

€

=

Shear stress (Pa)

ideal=glasticplastic

| Plastic materials|

: g
L)

Strainrate (s) €

T=To+1M¢

s 1l

T=To+A¢

Viscosity is a measure of the resistance of a fluid to flow

* Viskozita

s obsahem S102 v taveniné roste viskozita

s obsahem H20 v taveniné klesa viskozita

viskozitu ovliviiuje mnozstvi a tvar krystalt

béhem krystalizace viskozita roste



taveniny musi byt propojene, tento model je vhodny pro taveninu s nizkou viskozitou

(McKenzie, 1984)
» Timto zpisobem nemohou vznikat velka a geologicky slozita télesa

» Gravitani kompakce (Gravitational compaction): hustota restitu a taveniny je rizna, kapsy
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Segregace taveniny iniciovana deformaci

1) Extenzni poruseni pukliny
(Extensional fracturing)

* Objevuyji v hornindch s malym
mnozstvim taveniny.

« Zavisi na rychlosti deformace, tlaku
fluid, orientovaném tlaku.

* V granitickych systémech s nizkou
aktivitou H20 dochazi k pozitivni
zméné objemu béhem taveni coz
vede ke vzniku puklin.

» Lokalni hydrostaticky tlakovy
gradient umoZznuje pohyb taveniny
do puklin a odd¢leni taveniny, efekt
tohoto mechanizmu zavisi velikosti
poklesu tlaku, propustnosti horniny
a dob¢ po kterou jsou pukliny
oteviene.

* Tavenina s vy$§im obsahem vody za
tlaku pod 15 kbar ma opacny efekt
(ma mensi objem neZ reaktanty).




2) Segregace taveniny béhem deformace (Segregation during continuous deformation)

Filter pressing - v diisledku duktilni deformace vrstev s rliznou viskozitou se separuje
tavenina od horniny (je to podobné¢ jako tvorba budin)

Dilatant attractors — pokud béhem parcialniho taveni probiha deformace tavenina se
shromazd'uje ve stfiznych zonach, v tlakovych stinech




I11. 8. Termalni modely pro vznik orogenetickych granitu

parcialni taveni pelitli zacina kolem 650°C pro béZnou kiru

beézna kontinentalni (fanerozoicka) klira ma na hranict MOHO kolem (kolem 500-600 °C)
takze k taveni vétSinou nedochazi

Aby doslo k taveni musi dojit k:

zvétSeni mocnosti kontinentalni kiiry (crustal thickening)

ztenCenti litosferického plasté (lithospheric mantle thinning) a podestlani bazickym
magmatem (underplating of mafic magma)

Km ; o ; ’ . :
4 Melting of pelitic rock A E%’al Km A& Melting of basaltic rock 4 Kbar
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I11. 9. Hybridni granity

CRUSTAL THICKENING

(1) Supracrustal partial melting zone

" (2) Intrusion of mantle-derived magmas

(3) Fractionation in intermediate magma
chamber




Amp gabro — plastové magma (Nikaragua)




(1)
(2)
(3)
(4)
(5)
(6)

CONVECTION AND DISRUPTION OF SYNPLUTONIC
DIKES

Early anatectic granites (S-type)
Mediun-qrade metamorphic rocks
Partially melted zone

Diatexitic zones

Fractionated tonalites (M-type]

Ultramafic cumulates






[-typovy Amp-Bt granodiorit mixingem (Nikaragua)
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CONVECTION-FAVOURED MAGMA MIXING

Deformed leucogranites

High-viscosity zone, non modified by
mixing

‘Low-viscosity, mobile zone

Hybridization at thermal equillibrium
by crystal mingling plus diffusive mixing



(1)
(2)
(3)

(4)
(5)

()
(7)

FINAL EMPLACEMENT STAGE (from field data)

Late migmatites (locally) |
Cordierite granites (S-type), not mixed

Granites with cordierite and mafic
enclaves (Hs-type). Rich in K-felds. meg.

Hybrid granodiorites with enclaves
(Hs-type mostly)

Hybrid tonalites with quartz xenocrysts.
(Hm-type).

Ultramafic cumulates

Hybrid granodiorites with hornblende
(Hss-type)



I-typovy Bt granodiorit vznikly mixingem (Nikaragua)
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Granitoid types

S-type

H,-type

H,,-type

H_-type

M-type

Leucogranites (2 mica) monzogranites to
sienogranites to monzo- granodiorites

granites

Metamorphic restites
(biot., sill., cord., etc.)

Residual phases from
the melting reaction
(K-feld, cord, sill, etc.)

biot.-sill. clots

Simple zoning in plag.,

no resorbtion zones
No xenocrysts

Major association with

regional, high-grade
metamorphism

Crustal isotopic ratios

830 = 10%0

Sr initial ratio > 0.708

€ng <0
K,0/Na,O > 1

metamprohic restites,
mafic enclaves scarce

K-felds. megacrysts
and cord. from the
melting reaction,
biotite ciots

granodiorites
and tonalites

mafic enclaves
predominate

K-felds. megacrysts
resorbed. reaction
cord — bi frequent,
hb-bi clots

tonalites

(fine grained mostly)

poor in enclaves
scarce or no restites

hb clots characteristics
from px — hb reaction

bi. — hb reaction

complexely zoned plagioclases with conspicuous resorbtion zones

scarce or no xenocrysts hornblende clots

(acicular apatite?)

generally associated with M-type and S-type granitoids in large batho-
liths with transitional contacts; at epizonal levels, each type can appear

Xenocrysts

in isolated, single plutons

isotopic ratios very variable; isotopic ratios are generally intermediate

plag., K-felds. and q.

Xenocrysts

between mantelic and crustal ratios; mixing lines are characteristic

Saturation alumina index (SAl) > 1

Partial melting of

compositional varia-

tions explained by
restite unmixing

K,0/Na,O close to 1

SA] closeto 1

quartzdiorites and
tonalites

only cumulate-like
enclaves

stable ferromagne-
sian phases,

only peritectic
reactions

OSC'LllaIOry, simple
zoning in plag.
NO Xenocrysts

generally associ-
ated with minor
bodies of ultra-
mafic rocks

Sr initial ratio <
0.704

€ng =~ O generally
(depleted mantle)

K,0/Na,O <1

SAl<1

developed by magma mixing (hybridization) between mantle-
metasedimentary rocks derived mafic magmas (M-type) and supracrustal anatectic

(S-type) magmas

tholeiitic affinities
fractionation of
mantle-derived,
basaltic magmas




I11. 10. Vznik téles granitu

Fig. 1. Schematic sketches to illustrate the three dominant mechanisms for melt (grey) transport from a partially molten source below to a higher
emplacement level. (a) Diapiric mobilisation of partially molten rock in large volumes. Wall rock is strongly deformed by rising diapers.
Unmelted rock or restite may be entrained or partly left behind. (b) Melt ascent by dykes, that emanate from the partially molten source and may
freeze, or drain into a magma chamber. (¢) Melt ascent through a permeable medium; here, a network of fractures. Porous flow would also fall

into this category.



Diagram ilustruje predpokladané predpokladané mechanizmy vmisténi plutonu: 1- doming (doming of roof); 2- Parcialni zonalni taveni a
asimilace (wall rock assimilation, partial melting, zone melting); 3- stoping (stoping); 4- plasticka deformace okolnich hornin (ductile wall
rock deformation and wall rock return flow); 5- bo¢ni posunuti okolnich hornin podél zlomi (lateral wall rock displacement by faulting or
folding); 6- vmisténi v extenznim prostfedi (emplacement into extensional environment). Paterson et al. (1991), Contact Metamorphism.

Rev. in Mineralogy, 26, pp. 105-206. © Min. Soc. Amer.
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Batolity roste postupné v po malych davkach které vystupuji sérii zil: a. magma zveda okoli horniny kdyZ je nadlozi relativné malé, b.
pusobeni tlaku magmatu v magmatickém krbu zptisobuje rozsiteni do stran a dolu jak magma intruduje do hornich ¢asti batolitu (Cruden and
McCaffrey, 2001; Cruden, 2005), nebo ¢. nebo miize byt proces nepravidelny. John Winter .



Blok diagram solnych
diapirii v severnim
Némecku Trusheim

(1960), Bull. Amer. Assoc.

Petrol. Geol., 44, 1519-
1540 © AAPG.

Model vzniku diapiru vytvoieny na centrifuze (Ramberg 1970, In Newell, G., and N. Rast,
(1970) (eds.), Mechanism of Igneous Intrusion. Liverpool Geol. Soc., Geol. J. Spec. Issue no. 2)
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FIG. 59 — Schematic diagram of the dynamic emplacement of a pluton (diapiric emplace-
ment hypathesis) in the upper levels of the continental crust (after Flood and Vernon, 1978).
The pluton propagates toward the surface from a largely melted lower crustal zone, driven by
the Archimedes effect, based on the relatively low density of granitic magma relative to the
wall rocks. This rise is facilitated by the high temperature of the material situated at the
immediate contact of the intrusion at depth, which accompany it in its movement, In this
perspective, the migmatites which appear in the internal Zone of contact aureoles cannot be
considered autochthonous. The general thermal configuration around the intrusion results in
a progressive deformation of the regional isotherms, and not to a simple diffusion model such



Foliace vyvinuta na okraji plutonu jako vysledek odlisného pohybu pii kontaktu s okolim (Lahee 1961, Field Geology. © McGraw Hill.

New York.
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c. Combination

Ptechodna zona mezi granitem a okolni horninou Compton (1962), Manual of Field Geology. © R. Compton.



Foliace ptekracujici kontakt
mezi okolni horninou a
granitem, kontakt je typicky pro
pre- nebo syn-tectonicky
pluton.(Compton 1962, Manual
of Field Geology. © R.
Compton).
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Blok diagram v rozsahu fady kilometra (Lahee 1961, Field Geology. © McGraw Hill. New) York.
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* Batolit je velke téleso, jehoz primér smérem do hloubky roste a jeho podloZi neni znamo.
Batolity ve starych stitech zaujimaji ¢asto plochy ve stovkach az tisicich km?.

7 A

Batholiths are generally large, composite plutonic bodies. They can cover tens of thousands of square kilometers and be made of large

numbers of individual plutonic bodies. They form in regions that had large magma supplies for long periods, such as subduction zones or
slow continental rifts.



*  Pluton je pojem, ktery ma vice vyznami ze strukturniho a tektonického hlediska. Podle tvaru
se rozliSuji napt. plutony okrouhlé, vétvencho tvaru, vertikalni s ptikrymi kontakty nebo
horizontalni plutony jazykovit€ho tvaru. Na rozdil od batolitu je mozné v nékterych ¢astech
plutonu navrtat jeho podloZi.

* Pné jsou mensi plutonicka télesa, ktera se vyznacuji izometrickym, okrouhlym prifezem. Pen
miva vétSinou piikré okraje a ma diskordantni pomér k okoli.

*  Apofyzy jsou odnoZe vybihajici z vétsiho hlubinného télesa.

Stock, appendage of a batholith concept

Stock, is

Stocks are generally steep-walled plutons having an exposed area of <100
km?. They may be part of an unexposed larger plutonic complex, or isolated.

‘ Large magma chambers are generally thought to be fed from below via dikes.







