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1. Uvod
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« Anatexe (taveni) je jednim z nejdulezitéjSich procesl
probihajicich v horninach. Dochazi pfi ném k nataveni (popf¥.
uplnému roztaveni) hornin riznych typu (magmatickych,
metamorfovanych) s riznym chemickym slozenim (nejcastéji
metapelity ale i jiné napf. metadroby a amfibolity) v raznych
urovnich zemské kury i v plasti. Pri segregaci taveniny od
protolitu tak vznika Siroka skala magmatickych hornin, pokud
k segregaci nedojde, vznikaji migmatity. Dulezité je také to, ze
pri tomto procesu dochazi k zasadni redistribuci chemickych
prvku, hlavnich i stopovych, a tak tento proces zasadné
podporuje diferenciaci latek v zemské kiure a zemském plasti.



1. Uvod

« K (na)taveni dochazi v ruznych prostredich
zemskeé kury a plasté (napr.):

- na kolidujicich se deskach

- na riftovych zonach

- na kontaktu taveniny s velmi vysokou teplotou s
okolni horninou

- pri prinosu H,O do horniny v kombinaci s
relevantni teplotou

- dehydratacnim tavenim
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FiG. 2. Schematic cross-section of a zone of active rifting in a continental setting. The
upward bulge in the asthenospheric mantle is due to a focusing of mantle degassing
and thermal expansion. Here, as in Figure 1, the upward migration of fluid offers a very
efficient mechanism of transfer of heat into the lower and middle crust. The degassing
mantle emits both H,O and CO,, the proportion of which is of primordial importance
in determining the nature of elements transported upward into the crust, and the nature
of the melting reaction. Where the metasomatizing agent is dominantly H,O, granitic
melts of A type will result. The metasomatic steps leading up to partial melting have
involved the preferential mobilization of alkalis over Al, which is reflected an alkaline
character of the partial melt. Carbonatitic and nephelinitic melts will result in areas
where CO» is the dominant metasomatizing agent. Here, the metasomatic step leading
up to partial melting has caused a major enrichment in high field-strength elements and
the rare-earth elements, and these patterns of enrichment are reflected in the magmas
produced. Of course, all intermediate cases between these two end-member situations
are likely to be encountered, which explains the juxtaposition of silica-oversaturated
and silica-undersaturated suites along belts of anorogenic igneous activity. The anoma-
lously high temperatures at the base of the crust promote granulite-facies assemblages,
even though the environment is far from being anhydrous. Diagram courtesy of Alan
Woolley (1987), and reproduced with permission of the publisher.
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1. Uvod

Inkluze granitu v granatu
Sawyer 2011

Schematicka
presentace anatexe

v zemské kure.
Sawyer 2011



Pritomnost taveni v horninach, 2 priklady, A — Mull,
Skotsko, B - muskoviticka rula; Holness et al. 2011



2. Dehydratacni taveni

« Dehydrataéni taveni

Pro proces taveni je dulezité chemické
slozeni horniny a slozeni a mnozstvi
fluidni faze (H,0, CO,, F, B aj.).
Protoze je v béznych
metamorfovanych horninach (vyssi
amfibolitova facie), v nichz dochazi
k nataveni, mnozstvi fluid v horniné
nizké, je nutna pro taveni pritomnost
mineralu nebo minerali se zvySenym
obsahem vody, vétsinou slid, také
amfiboll pop¥. i jinych mineral (napfr.
epidot).

’ Hydratacm taveni Fig. 1. Generalized pressure-temperature diagram showing the rela-

Je nutny p‘ﬁnos Hzo po néjakych tionships between dehydration-melting (curve 2), vapour-saturated

melting (curves 1, 3) and subsolidus dehydration (curve 4). Hydrous

OSIabenYCh zonach z okoli. minerals cannot coexist stably with melt at pressures lower thanR

T




2. Dehydratacni taveni

Kombinaci ruznych aktivit
H,O odvodime krivku

dehydratac¢niho taveni.

(<] W = y r -
Dulezité terminy:
Fig.9.2. Pressure-temperature
H diagram depicting phase rela-
SOI Id us tionships in the system

Ah-Hy-H,O (Ah anhydrous,
- Hy hydrous crystalline
s u bSOI Id us phase). Subsolidus dehydra-
tion curves and solidus
. curves are drawn for the
pr0t0| It water activities 1.0, 0.8, 0.6,
and 0.5. At the intersections
of these curves the dehydra-
leukosom — metatekt Hion melting reaction
Hy = Ah+melt (heavy almost
vertical curve) is generated.
The ay o of the system de-
mesosom creasels_lzon this curve with in-
creasing pressure. (See also

— H Clemens and Vielzeuf 1987,
melanosom reStlt Vielzeuf and Clemens 1992)




2. Dehydratacni taveni

Leukosom
Restit

Paleosom




2. Dehydratacni taveni

Taveni hornin s muskovitem
(+kremen)

horniny: muskovitickeé ruly a
popr. svory, kremen-zivcové
horniny s muskovitem

Systém: SiO,-Al,0,;-K,0-H,0
Byla provedena rada
experimentt v solidu a
subsolidu a vzhledem

k relativni jednoduchosti
systému, jsou vysledky
riznych autorti dobre
srovnatelné.

268 Formation of Granitic Magmas by Dehydration Melting
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Fig. 9.4. Pressure-temperature diagram for parts of the system K,0-8i0,-A1,0;-H,0,
showing the relationship between subsolidus dehydration equilibrium curves, beginning of
melting curves, and solidus for dehydration melting of muscovite-quartz-albite assemblag-
es. Dash-dotted ciirves Equilibrium curves of the ay g-controlled dehydration reaction
quartz+ muscovite+albite= alkali feldspar +sillimanite+ H,0. Continuous curves: apys0-
controlled solidus curves of the melling reactions quartz+alkali feldspars+musco-
vite+ H,0 = melt, and quartz+alkali feldspar +sillimanite + H,0 = melt; dots and heavy
continuous curve solidus for dehydration melting reaction quartz-+ muscovite = melt
+alkali feldspar+sillimanite; dashed curves metastable portions of the dehydration reac-
tion. Abbreviations see Appendix. For further explanations see text



2. Dehydratacni taveni

« dulezité reakce:

* subsolidus
Qtz + Msc + Ab = Alkf + Sil +
H,O

« solidus
Qtz + Msc + Alkf + H,0 = melt
Qtz + Sil + Alkf + H,O = melt

o magmatic muscovite
e late 1o posl-mogmatic muscovite

& hydrothermal muscovite

MgO

Figure 22. Compositions of white micas of the St. Jullen leucogranite projected onto
(total Fe as)Fe;03 - Mg0 compositional triangle. The data are from Monier et al. (19
recognize three penerations of white micas: magmatic muscovites, late- to postmagmat
covite, and hydrothermal illite and smectite. The arrow is the changing compositions
magmatic muscovites with the magmatic evolution of che granite.

P kbar

Phase Relations in the CKNASH System
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2. Dehydratacni taveni

Petrogeneticky vyznam:

Muskovitické granity vznikaji v pomérné uzkém poli PT podminek - 640
°C pro 4 kbar az 700 °C pro 9-10 kbar, pokud neni pritomen ve fluidech
napr. F a B.

Horniny s muskovitem produkuji jen malé mnozstvi taveniny a nemohou
byt protolitem pro velkoobjemové granitové taveniny, hornina s 25 obj.%
muskovitu vyprodukuje max. 11-12 hm.% taveniny slozenim blizké
granitickému minimu.

Muskoviticky granit s
turmalinem, Lavicky

i -‘ - R A vq
im *&f g,";:t;&
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2. Dehydratacni taveni

Taveni hornin s biotitem
(+kfemen)

horniny: razné typy biotitickych rul
a metadrob

Systém: SiO,-Al,0,-K,0-MgO-H,0
Dehydrataéni taveni
metapelitickych hornin s biotitem
bylo studovano v fradé experiment
a byla jim vénovana nejvétsi
pozornost. Vzhledem k ponékud
vetsi komplikovanosti systému,
jsou vysledky experimenti
jednotlivych autori ponékud méné
konzistentni nez u muskovitickych
hornin.
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Fig. 9.5. Pressure-temperature diagram for parts of the system K,0-8i0,-A1,0;-Mg0-H,0,
showing the relationship between subsolidus dehydration equilibrium curves, beginning of
melting curves and solidus for dehydration melting of phlogopite-quartz-albite assemblag-
es. Dash-dotted curves Equilibrium curves of the ay o-controlled dehydration reaction:
phlogopite+quartz +albite = alkali feldspar+orthopyroxene+H,0; continuous curves
solidus curves for given a, o of the haplogranite system (as in Fig. 2.13); dots and heavy
continuous curve solidus for the dehydration melting reaction: phlogopite + quartz +albite
= akfs +orthopyroxene +melt; dashed curves metastable portions of the dehydration reac-
tion. Abbreviations as in Appendix



2. Dehydratacni taveni

« dulezité reakce:
 subsolidus
Qtz + Phl + Ab = Alkf + Opx + H,O
« solidus
Qtz + Phl + Ab = Alkf + Opx + melt
Qtz + Alkf + H,0 = melt

Bt + Plg + Qtz = Kfs + Opx +
tavenina + Grt (Crd, Spl)




2. Dehydratacni taveni

Petrogeneticky vyznam:

Dehydratacni taveni biotitu je velmi efektivni pro vznik
taveniny predevsim pro velké rozsireni biotitu v horninach
zemské kury.

Zacatek taveni, mnozstvi taveniny a jeji slozeni jsou zavislé
na slozeni protolitu (napr. obsah Na,O, CaO, pomeér Fe/Mg)
V metapelitu mize vznikat 30-60 % taveniny pri teploté 800-
900 °C a tlaku asi 7 kbar, metadroby vyzaduji pro efektivni
taveni asi o 100 ° vyssi teploty.

Vyssi obsahy F, Ti a Al zvysuji pole stability biotitu do
vyssich teplot a snizuji mnozstvi taveniny.

Granat, ortopyroxen, cordierit a spinel jsou typicke
produkty nataveni a tak vznikaji Al bohaté granulity, popr.
Al-presyceneé restity.



2. Dehydratacni taveni

Taveni hornin s amfibolem (tkfemen)

horniny: amfibolity, rizné typy metabaziti

Systém: SiO,-Al,0;-Na,0-MgO-FeO-H,0

Byla provedena rfada experimentu, ale jejich interpretace nejsou

jednoduché vzhledem ke komplikovanosti systémy ve srovnani
s horninami s muskovitem i biotitem.

dulezité reakce:

solidus

Amf + Plg + Qtz = Cpx + Opx + Plg (vyssi An) + tavenina + lim
Amf + Plg = Cpx + Opx + Plg (vyssi An) + tavenina + lIim
Petrogeneticky vyznam:

Dehydratacni taveni amfiboliti za€ina za nizSiho tlaku, pod 10 kbar za
teplot kolem 850 °C, pro vyssi tlaky i kolem 650 °C. Slozeni taveniny je
relativné chudé Fe, Mg a Ca ve srovnani s tonality, teprve za teplot
vyssich nez 900 °C vznikaji tonalitové taveniny.

Restity maji slozeni granatickych granuliti, amfibolitti nebo
pyroxenickych granulitti za nizsich tlaku.

Si0,, K,0 a Na,O jsou v taveniné vyssi nez v protolitu, Ca, Fe a Mg se
koncentruji v restitu.

Tonalitové magma muze vznikat natavenim amfibolitui.



3. Migmatity

Horniny, u nichz nedoslo

k segregaci taveniny od restitu
a které svym vznikem lezi mezi
metamorfovanym a
magmatickymi horninami. Podle
textury, ktera je Uzce svazana

z mnozstvim vyprodukované
taveniny je délime na:

oftalmity
stromatity
agmatity
nebulity

a rada dalsich typt zalozenych
na texturnich vztazich

Migmatit, lhosy



3. Migmatity

Leukosom
Restit

Paleosom
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Migmatity, Japonsko



3. Migmatity

aetal.
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3. Migmatity

Segregace taveniny od restitu

Mechanismus segregace (oddéleni)
taveniny od restitu neni dosud
spolehlivé vysvétlen, i kdyz jde o
velmi dulezity proces v geologii.
Pravdépodobné dochazi

k vytlaCovani taveniny do prostoru
nizSiho napéti (filter pressing).
RCMP (Rheological critical melt
percentage) — mnozstvi taveniny,
které vede ke zborceni horniny
(kostry taveniny a restitu) a

k naslednému uvolnéni taveniny.
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@ (Pomérné mnoZstvi taveniny)

Obr. 8-5. Zavislost mechanické rezistence horniny na mnozstvi
taveniny. Z grafu je vidét, Ze pti 30-50 % taveniny dochdzi
k prudkému sniZen{ rezistence. Toto mnoZstvi je definovéno jako
tzv. kriticky reologicky pomér taveniny (RCMP).
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Viskosita versus mnozstvi taveniny pro rizné horniny
(latky). Jamieson et al. 2011



3. Migmatity
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4. Anatexe

Chemické slozeni taveniny a produktivita taveni

Experimentalni prace predevsim v systémech blizkych
metapelitim popir. metadrobam prokazuji zavislost
mnozstvi vyprodukované taveniny na chemickém
(mineralogickém) slozeni protolitu a teploté taveni.
Vzhledem ke slozitosti systému a ponékud rozdilnych
experimentalnich pristupech nejsou vysledky
publikovanych praci zcela konsistentni, nize uvedené
zavery jsou ale spoleéné vétsiné praci.

Granitickeé taveniny vznikaji podle zjednodusenych
rovnic:

Bt + Plg + Als + Qtz = Grt + tavenina
Bt + Plg + Als + Qtz = Cor + tavenina
Als + Grt = Spl + Qtz + tavenina
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MgO + FeO®
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Fig. 6. NKM projection of 10 kbar experimental glass composi-
tions. Circles represent glasses that coexist with biotite; triangles
represent glasses produced above the biotite-out temperature,
Numbers next to svmbols are temperatures in °C

Molar proportions



4. Anatexe

Table 4. Glass compositions (wt%)

Temperature  Na,O K,0 MgO AlLO, SiO, FeO* CaO MnO TiO, F P,04 H,0 Total
(°C)
7 kbar
825 318 522 0.31 13.56 67.22 1.50 055 004 0.08 005 009 345 95.25
850 2.23 560 033 13.34 70.06  1.55 0.30 007 0.10 000 000 5.48 99.06
875 1.77 5.61 0.35 14.85 69.72  1.65 035 0.00 0.13 0.01 0.05 4.09 98.58
900 132 33l 0.35 13.72 7085 L.72 024 0.02 0.38 0.11 205 ° 333 97.40
950 0.87 6.52 0.39 13.84 7141 178 015 003 0.28 0.16 006 3.06 98.56
975 0.85 6.38 0.87 13.14 70.79  1.99 039 015 0.51 0.11 0.07 298 98.22
1000 0.89 6.72 0.66 13.25 7021 214 039 0.0 0.61 0.17 0.09 343 98.36
1075 0.82 6.23 0.88 12,90 7295 201 038 013 0.61 0.14 0.07 290 100.02
10 kbar
825 2.89 532 0.45 13.55 69.36  1.62 0.60 0.01 0.02 0.00 0.14 4.67 98.64
850 2.24 5.69 0.41 14.25 70.86 1.70 0.39 005 0.13 0.10 0.05 4.33 100.19
875 1.65 6.20 0.37 13.65 70.39  1.62 0.28 001 0.17  0.11 0.09 4.72 99.26
900 1.29 6.06 041 13.46 71.54 1.6l 0.23 0.03 0.21 0.08 0.10 3.47 98.48
925 1.22 6.13 0.37 13.80 71.85  1.60 021 002 0.26 0.08 0.07 323 98.85
950 1.10 6.86 0.33 13.46 7366 1.65 0.13 008 037  0.08 0.04 3.55 101.29
975 0.97 6.92 0.49 1162 7313 1.4 0.13 003 0.37 0.15 0.10 349 101.14
975* 093 6.69 0.86 13.37 70.86 293 017 004 042 0.15 006 338 99.86
1000 0.85 640 070 1348 7263 207 020 004 0.35 0.12 0.08 3.00 99.93
1025 0.79 5.98 1.04 13.40 7062  3.26 026  0.11 0.65 0.10  0.11 2.79 99.12
1075 0.84 6.05 1.09 13.64 69.44 304 028 008 0.73 0.17 0.06 295 98.37
13 kbar
900 .79 592 041 14.14 68.15 151 021 002 0.28 0.11 0.05 7.14 99.74
950 1.21 1.72 0.34 13.51 6846 140 0.10 004 0.26 012 009 5.33 98.57

All clements analyzed with 5 nA beam currents, except Na,0 and H,0 calculated by mass balance. K ,0 values corrected as described
in text. All values are averages of 5-12 individual analyses

* BaCOj cell asscmbly



4. Anatexe

Petrogeneticky vyznam:

Muskovit a plagioklas se tavi za relativné nizsich teplot (pod
800 °C), produktivita taveni je ale nizka, do zhruba 10 %,
protoze i obsah obou minerall v protolitech, predevsim
muskovitu, je pomérné nizky.

W u oD -8l

taveniny.

Taveniny maji granitické slozeni, se zvySovanim teploty taveni
se zvysSuje produkce taveniny a postupné meéni také jeji
chemické slozeni. V taveniné se vzrustem teploty taveni
pribyva Fe, Mg, Al a Ti, zvySuje se pomér K/Na, tento narust ale
neni zcela pravidelny. Néekdy se méni postupné, jindy témeér
skokem.



5. Restity

Chemické a mineralogické slozeni restitu

Srovnanim chemického slozeni protolitu (napfr. metapelitu) a
granitu (nase tavenina nebo sklo) je ziejmé, ze restit je pri
taveni neustale obohacovan na Al, Ti, Mg a Fe, klesa ale pomér
Fe/Mg. Zaroven se méni mineralogické slozeni restitu, pribyva
granatu, alumosilikatu (sillimanit, kyanit), oxida Ti (rutil,
ilmenit), v po€atku pribyva také biotitu (s vysokym obsahem Ti)
pri vysokych teplotach se objevuje spinel (hercynit). Postupné
se méni také chemické slozeni mineralu v restitu.



5. Restity
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5. Restity

Pressure (kbar)

500 600 700 800 900 1000
Temperature (T °C)
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5. Restity

Petrogeneticky vyznam:

Slozeni restitli se méni v zavislosti na slozeni protolitu a
predevsim na mnozstvi vytavené a segregované taveniny.
Obecné jsou restity horniny bohaté Al, Fe, Mg a Ti, naopak
ubyva H,0, slozené hlavné z granatu, alumosilikatu (nejCasteji
sillimanitu), rutilu a pri vysokych teplotach take hercynitu. Byva
pritomen biotit, cordierit, popf. dalsSi mineraly (safirin).

Restity patfi mezi vzacné horniny, i kdyz je jasné, ze vzhledem
k mnozstvi granitickych hornin v zemské kure musi byt
pomérneé hojné. K restitum se radi Al-bohaté granulitické
horniny a jiné granatem bohaté horniny.

Rozpoznavani restitll v prirodé je velmi komplikované.
Predevsim proto, ze pri retrogradnich reakcich, je-li dostatek
vody popf. alkalii hlavné K, dochazi k tzv. back reakcim a

v restitu se zpétné objevuji mineraly s OH hlavné biotit.



6. Anatektické pegmatity

Dutinové anatektické pegmatity v migmatizovanych rulach , Strazecke
moldanubikum, Gadas et al. 2012
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Fig. 5

6. Anatektické pegmatity
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6. Anatektické pegmatity

Mirosov u Strazku — anatekticky pegmatit v erlanu

Schematic diagrams showing a) geological setting of metatects in
amphibolites + pegmatite in pyroxene gneiss; b) simple zoning of the
MiroSov pegmatite.

1 - metatect in amphibolite, 2- pegmatite in pyroxene gneiss, 3 -
pyroxene gneiss, 4 - amphibole 1 + TU1, 5 - amphibole 2,6 -, 7 -
allanite, 8 - TU2, 9 - quartz.

Gadas et al. 2014

Slozeni turmalinu
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A4

Zaver

Anatektické procesy jsou jednim z
geologicky vyvoj zemské kury a svrchni ¢asti
plaste. Dochazi pri nich k jednomu z
prvkl v geologii vibec a vzniku
magmatickych hornin. V této prednasce je
prezentovana jen pocatecni stadium vyvoje —
nataveni, tedy jen parcialni taveni. Vlastni
procesy vzniku magmatickych hornin jsou
reseny v magmaticke petrologii.



