Granity a kontinentalni kura
1]
(Vznik S-typovych granitii)

David Burianek

-y P g

pouze pro potieby vyuky



[11. 3. Vliv chemického sloZeni protolitu a PT podminek
I11. 4. Rychlost procest produkujicich granitovou taveninu
[11. 5. Migmatitizace

I11. 6. Mobilizace taveniny a vznik téles graniti

[11. 7. Segregace taveniny

[11. 8. Termalni modely pro vznik orogenetickych graniti
[11. 9. Hybridni granity

[11. 10. Vznik téles granita

e [oex
Grt Melt
@ Crd - Fluid

Qtz + Pl
+ Sil + Kfs

wt% 100

Metapelite

5 kbar
o
+Qtz+Pl+sil| 875-925°C

c

5 kbar Qtz + Pl + Kfs
875-925°C
+ Qtz + Pl
01" 40 wt% 100

7

0 20 100 CO; ppm 700 890

Metagreywacke




II1. 3. Vliv chemického sloZeni A
protolitu a PT podminek

An

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

Patifio Douce-Beard 1995

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

« Chemické 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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Fig. 8. Isothermal changes in modal compositions in SBG (left
panels) and in SQA (right panels). Data for 12-5 kbar at 950°C
interpolated between runs at 930°C and 960°C (sce Table 4}.

Patifio Douce-Beard 1995



Metasedimenty produkuji taveninu pifevazné o sloZeni granit aZ granodiorit

Intermedialni horniny produkuji taveninu pfevazné granodioritového az tonalitového sloZeni
Bazické horniny produkuji taveninu pfevazné tonalitového sloZeni

Draslikem bohaté¢ maficke horniny produkuji taveninu granodioritoveho az adamelitoveho
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 _— .
! il .
taveninu =500 yrsi'¥ Crystallisation )
1T
Tu a Ms-Bt granity vzniklé dehydrata¢nim —* paoma chamber
tavenim indikuji vznik za nizkého stupné | : 9 [ ’-]
parcialniho taveni (F < 0.2), ke vzniku aball -
taveniny dochazi b&hem 1-4 Ma. ~10 yrai® {_t_mngmn__
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(inkongruentni taveni) 1
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rozpousténi paragonitové komponenty v Ms SUBSOLIDUS

a kfemene ASSEMBLAGE




. Koncentrace LREE a ZR v granitické tavenin¢ vzniklé anatexi zavisi na rychlosti
rozpousténi monazitu a zirkonu.

. Rychlost rozpousténi téchto minerali zavisi na: mnozstvi vody Vv taveniné, teploté a
rychlosti ohfevu protolitu.

. Pokud rychlost uvolnovani taveniny z protolitu prekroci rychlost rozpousténi téchto
mineral vznikne tavenina ktera neni staurovana Zr a LREE.

. Protoze rychlost rozpousténi monazitu je mensi nez zirkonu (pii urcitych podminkach)

muze pii rychlém uvolnéni taveniny vznikat magma saturované Zr ale podsycené LREE
(Harris et al. 2000).

. Himalajské granity ukazuji prave toto nenasyceni LREE (riizna teplota Mnz a Zr term.)
. To ukazuje zZe k oddéleni magmatu doslo za mén¢ nez 10 tisic let.

. Tavenina je z oblasti svého vzniku
transportovana 00 magmatického
krbu kde muze dochazet ke
zménam jejiho slozeni v disledku
asimilace hornin z okoli a frakéni
krystalizace.

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

. U vétsich téles to mohou byt tisice
let.




Quartz K-feldspar  Plagioclase Granite
melt

Taveni Qtz+Fsp v granulitech pii 760 2 kbar a 3 dnli (Mehnert et al. 1973)

Vznik a vyvoj taveniny zavisi na
rychlosti ohfivani protolitu a ta je
zavisla na tektonickém prostredi.
Mnozstvi taveniny pii kterém se jiz
muize migrovat mezi zrny zavisi na
mnoha faktorech (nejméné¢ F >
0.08-0.05)

Vyraznym faktorem je smérny tlak
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[11. 5. Migmatitizace

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

b. Diktyonity (Net-like structure):
leukosom tvori rozvétvenou sit’ Zilek.
Cc. 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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a) Nebuliticky migmatit (Nebulitic structure):
melanosom tvofii rozplyvavé skvrny v leukosomu.
Velmi viskézni tavenina zlstava na misté svého
vzniku.

« Krystaluje v podminkach bez orientovaného tlaku
nebo jen nizkého orientovaného tlaku.

« Mala velikost kapes taveniny vede k tomu ze
tavenina nema zadny vztlak.

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

» Pasky probihaji vice mén¢ rovné S pavodni foliaci
a v tom piipad¢ jde pravdépodobné 0 taveni na
miste.

« Ne&kdy vsak mohou byt rovnobézné zilky Kk
puvodni 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 tvorii
rozvétvenou sit’ zilek.

K oddéleni taveniny doslo diky orientovanému
tlaku.

Leukosom tvoii propojenou sit’ zilek.

d) Agmatit (Agmatite)  ostrohranné bloky jsou
obklopené leukosomem tvoii brekcii (nemusi
nutn¢ reprezentovat paleosom a melanosom)

Poruseni Vv dusledku hydraulického vztlaku
taveniny.

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

Upraveno podle knihy: Mehnert (1968) Migmatites
and the Origin of Granitic Rocks. Elsevier.
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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 stiidaji leukokratni pasky s nizkym obsahem biotitu s pasky, které maji vysoky
obsah slid. Pasky maji mocnost od n€kolika mm po n€kolik cm. V takovém ptipadé mluvime
o metatexitech tedy horninach, které si zachovaly strukturni znaky z obdobi pted

migmatitizaci (Brown 1997).



« Diatexity byly definovany jako horniny u nichz byla smazana stavba horniny pted

migmatitizaci (Brown 1997). Diatexity jsou drobnozrnné¢ az stftedné€ zrnité. Struktura je
granoblasticka a pfednostni orientace je nevyraznd, nebo zcela chybi (Dalecin).
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Figure 2.42. Generalised diagrams illustrating the mechanism of diapiric exhumation (after Fig. 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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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) \anderhaeghe2001

I11. 6. Mobilizace taveniny a
vznik téles granitu

Pii parcidlnim taveni Se prvni tavenina
objevuje na hranici zrn.

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

Metatexity mayji reologii fizenou pevnou fazi a
u diatexiti se reologie fidi charakteristikami
taveniny.

Pokud je mnozstvi taveniny velké (F > 0,26-
0,4) muze se tavenina migrovat a vytvaret
télesa granitu.

Zoma mezi zdrojem taveniny (diatexity) a

télesy leukogranitd je tvorena siti zilek od cm
do n¢kolika metru.

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



1. Early stage of crustal thickening
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Migmatitizace postihuje komplexy
sloZzené z metapelitti az metadrob.

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

U diatexitd muze dojit K oddé€leni
restitu od taveniny a vznikaji
leukogranity. Tento proces ma
fadu mezistupnu

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.



[11. 7. Segregace taveniny

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

zavisi na propustnosti
zdrojovych hornin

prvni tavenina vznika na
hranici zrn

Kapsy tavenin se zvétsuji
se zveétSujicim se stupném
taveni

dochazi ke slucovani
jednotlivych dutin a ke
vzniku sité kanalki podél
hranice zrn

v granitovem systému jsou
mezi zrny Uhly 44-60° coz
umoznuje vznik
intergranularniho filmu,
ktery spojuje jednotliva
zrna (extrakce taveniny)
pokud je thel vétsi nez 60°
tavenina se neuvolni

0=120°

% @
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(Logna)

Effective viscosity

Parcialni taveni je zodpovédné za diferenciaci kontinentalni kiry

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

Zékladnim parametrem ktery kontroluje oddéleni, transport a vmistnéni taveniny je
viskozita

Critical Melt Fraction

SRT
FRT SPT
4 Viscous non-newtonian Plastc A
(Newtonian)i i (Bingham) | (MPa)
4 ' : * Viskozita
] i | s obsahem SiO2 v taveniné roste viskozita
y FI:)T " 10* s obsahem H20 v taveniné klesa viskozita
1 g viskozitu ovliviiuje mnozstvi a tvar krystala
| ., bchem krystalizace viskozita roste
5 = | 5.10
i [ 0

T T T —— r ot
100 50 Melt Fraction (%) ()

Suspension like behavior 5




Gravitacni kompakce (Gravitational compaction): hustota restitu a taveniny je rtizna, kapsy
taveniny musi byt propojene, tento model je vhodny pro taveninu s nizkou viskozitou

(McKenzie, 1984)
Timto zptisobem nemohou vznikat velka a geologicky slozita télesa
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Segregace taveniny iniciovana deformaci

1) Extenzni poruSeni pukliny
(Extensional fracturing)

* Objevuji v horninach s malym
mnoZstvim taveniny.

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

» 'V granitickych systémech s nizkou
aktivitou H,O dochazi k pozitivni
zméné objemu béhem taveni coz
vede ke vzniku puklin.

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

* Tavenina s vy$§Sim 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 disledku duktilni deformace vrstev s riznou viskozitou se separuje
tavenina od horniny (je to podobn¢ 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

takze k taveni vétSinou nedochazi

Aby doslo k taveni musi dojit k:

parcialni taveni peliti zacind kolem 650°C pro béZnou kiru
bézna kontinentalni (fanerozoicka) kiira ma na hranicit MOHO kolem (kolem 500-600 °C)

zvétSeni mocnosti kontinentalni kiiry (crustal thickening)

ztenceni litosferického plasté (lithospheric mantle thinning) a podestlani bazickym

magmatem (underplating of mafic magma)

/Iwww.geosci.usyd.edu.au/users/prey/Teaching/Granite/

Km . G ; s : .
4 Melting of pelitic rock A Ifbdl Km A& Melting of basaltic rock 4 Kbar
| 18 L 18
60 - 60
| 16 § L 16
50 5 14 50 % £ 14
= < B Eel = B
§ ?
S B S
40- g aal 2 I § i
Moho Y i 10 Moho o 10
&" 2 & Qf‘
30- & 3 R &F S 4
oy = = S & =l - 8
S % & K 3
’\?\ *f 8 3 '\;0\«*{( =, 6
20+ & 3 -0 20- & : i
Q(;e :J‘ QQ“ I Q-S;i‘ o |
& \523;% 8% % & aﬁ%%‘@‘ 4
10— & o it 10 & el
& o eetde 0 &
o® o \“b@“ L. & & o8 .2
0y “\:“ .s“%\\o & N
) i";% \\“‘ K’S;““
0 T T T T T T T o 0 T T T T T T T L
0 200 400 600 800 1000 1200 1400 T°C 0 200 400 600 800 1000 1200 1400 Te°C






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)
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CONVECTION AND DISRUPTION OF SYNPLUTONIC
DIKES

Early anatectic granites (S-type)
Medium-grade metamorphic rocks
Partially melted zone

Diatexitic zomes

Fractionated tonalites (M-type)

Ultramafic cumulates






I-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)



s

S-typovy Cdr-Bt granit s xenolity migmatiti (Nikaragua)
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Granitoid types

S-type

H,-type

H,-type

H_-type

M-type

Leucogranites (2 mica)
sienogranites to monzo-

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

30 > 10%0

Sr initial ratio > 0.708

€ng <0
K,0/Na,O > 1

monzogranites to
granodiorites

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.

xXenocrysts

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,O/Na,O close to 1

SAl close to 1

quartzdiorites and
tonalites

only cumulate-like
enclaves

stable ferromagne-
sian phases,

only peritectic
reactions

oscillatory, simple
zoning in plag.
no xcnOcryst_s

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

Sr initial ratio <
0.704

€ng > 0 generally
(depleted mantle)

K,O0/Na,O0<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




