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ARTICLE INFO ABSTRACT

Anicte higtory: Water-fluxed melting, also known as fluld- or water-present melting, s a fundamental process in the differenti-
Received 1 December 2013 ation of continents but its importance has been underestimated in the past 20 years during which research
Acceprd 0 Mg I, efforts facused mostly an dehydration meking reactions involving bydrate phases, in the absence of a separate
Hwallable calior 1 Septrmbies 2018 aqueous phase. The presence of a free aqueous phase in anatectic terranes infl wences all major physical and chem-
Ical aspects of the melting process, from mekt volumes, viscesity and ability to segregate from rock pores, to melt

Keywords

Ao flisds chemical and isotopi composition. A review of the literature shows that melting due to the fluxing of agueous
Crustal amatexis fluids is a widespread process that can take place in diverse tectonic environments, Active tectono-magmatic pro-
Granites cesses create condinions for the release of aqueoas flusds and dede i transient high chan-
Shicatw mes nels, capable of fluxing high- regions of the crust trigger melting. Water-fluxed
Water tivty melting can be either congruent in regions at the water-saturated solidus, or incongruent at suprasolsdus, P-T
wiater-fiiced meling «@nditions, Incongruent melting reactions can gn peritectic or Iy anhydrous minerals

such as garnet, sillimanite or arthapyroxene. In this case, the presence of an aqueaus phase & indicated by a mis.
match berween the large melt fraction generated and the much smaller fractions predicted in Its absence.

The relatively small volumes of aqueous fluids compared to that of rocks imply that melting reactions are
generally rock buffered. Auids tend to move upwards and down temperature. However, there are cases in
which pressure gradients drive fluids up temperature, potentially fluxing suprasolidus tervanes, Crustal regions
at conds dent to the ted solidus represent a natural impediment to the up-temperature
migration of agueous flulds because they are consumed in meking reactions. In this case, continued migration
nto supra-solidus terranes take place through the magration of water-rich melts, Thus, melts become the trans-
port agent of water info supra-solidus terranes and responsible for water fhixed melting, Other processes, such
as the relatively rapid fluid migration through fractures, also allow regional agueoas flulds to by-pass the viater-
saturated solidus fluld trap and trigger melting above solidus conditions, When aqueous fluids or hydrous melts
flux rocks at supra-solidus conditions, they eq with the 1gs through further melting decreas-
ing water activity and giving rise to unde rsaturated melts. [t isin these conditions that homblende or anhydrous

Fusao parcial (anatexia)

Como as rochas sdo materiais heterogéneos, a fusdo
ocorre de forma parcial e dentro de certo intervalo de
temperatura (7) e pressdo (P)

A fusdo ¢ parcial porque a rocha funde apenas onde
todos reagentes estdo em contato

Haé geragdao de um fundido e, quase sempre, ha geragao
de residuo soélido (fase peritética)

Fusao congruente — fusao total

Fusao incongruente — fundido + fase(s) peritética(s)
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Do que depende a fusao parcial?

Tempetura, Pressao
Composicao da rocha
H,O

Sistema aberto ou fechado

Em que 7' uma rocha granitica funde?

Definicoes

Sistema haplogranitico — Qtz — Ab — Or — (H,0)
Solidus — curva de fusdo minima de qualquer sistema

(onde a primeira gota de fundido ocorre) e isso sempre
ocorre na curva com o sistema saturado em H,O

Liquidus — curvas que representam a quantidade de agua
em um fundido em equilibrio com cristais de feldspato e
quartzo: se a agua cair abaixo deste valor, parte do
fundido solidifica para recuperar o valor minimo; se o teor
de agua aumenta, ocorre a fusdo para recuperar esse valor
minimo

Solidus seco - concide com a fusdo total da rocha sem
H,O
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Definicoes

* Fusao saturada em H,O (wet solidus) — fusao que
ocorre no solidus. Na natureza essa condi¢ao €
muito restrita, pois a quantidade de H,O nos poros
das rochas ¢ muito baixa. Ha necessidade de
ocorrer influxo constante de fonte externa para
que ocorra fusdo em alto volume nessas condi¢oes

— o fundido ¢é saturado em H,O
— ou seja ele tem o maximo de H,O dissolvida

— quanto maior a taxa de fusdo, menor a quantidade de
H,0 que ocorrera no fundido
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(a) Water-present melting reactions
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Efeito da H,O
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Fusao sem H,O ou com influxo de H,O

* Fusio por desidratacao ou fusdo sem fluido — a
fusdo ocorre pela quebra de fases hidratadas
(micas e anfibolio), gerando fundido e fases
peritéticas anidras
— O fundido ¢ sempre insaturado em H,O
— A reacdo de 7' mais baixa ¢ da muscovita, depois

da biotita e depois da hornblenda

* Fusdo com influxo de H,O — ocorre quando a
rocha estd em 7 acima do solidus e recebe um
influxo de H,O, fundindo

12
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(a) (b) 60 .

5.0 { | waterfluxed melting of metapelite
/ (Patifio Douce, 1996)
4.0

i water-fluxed melting of Bt-gneiss
(Patifio Douce, 1996)

dehydration melting of Bt-gneiss

o
©
(Patifio Douce and Beard, 1995)

/
FeO (Wt.%)

- Granite 1.0 m Ak
) AA a S oad : “\..dehydration melting of Bt-Ms schist,
Trondhjemlte . R 0.0 Ms schist (Patifio Douce & Harris, 1998)
Ab Or 0.0 1.0 20 30 4.0 5.0
Na,O/K,0 (wt.%)
Campo branco — fusdo por desidratagao
favorece fusdo de Ms, Pl e Kfs
Campos cinza — fusdo com influxo de H,O
enriquece o fundido em Na,O e FeO
Weinberg & Hasalova, 2015
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(a) Water-present melting reactions
4 10
12 F ¥ls
Blg
1 g
ES 3
10 | ° E
2 2d i
3 2b | / i
3 i i i 31,'1/
8.0 !é [ o in w RS
— iT ‘T T S/ T
= o i i NS
@ LS io i PN
o 2 H i© il
= 6.0} 2 i i ;
o 3[E i ; 4
40} :
20}

Fusao com H,O
Veja que a composicdo da rocha pouco influencia a 7'
1 (Ms- it Hbl-tonalit .
Cqmpfire a~s curvas 1 ( s granllo) ¢ 6 (Hbl-tonalito) Weinberg & Hasalova, 2015
A inclinagdo das curvas ¢ negativa

14

12/3/20



12/3/20

(b) Dehydration melting reactions
12 g As reagdes de fusdo por
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Weinberg & Hasalova, 2015
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Reconhecendo fusao com ou sem H,O

* Leucossoma com Qtz + Kfsp + P1 + Bt indica fusdo em
presenca ou introdugdo de H,O

* Leucossoma contendo minerais Fe-Mg anidros (Crd, Grt,
Opx) sdo produzidos por fusdo incongruente em sistema
insaturado em H,O
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Qtz + P1 + Kfs + H,O = Liq

s Sawyer, 2008
sem fases peritéticas

17

residuo com. | PIr Qtz + Bt + Grt + Rt
leucossoma — nondjemlto (Qtz +Pl+ Bt + Grt)
melanogsema ~ biotita s granada '

a

-

leucossoma

-~

metatexito com baixa taxa de fusdo parcial, com leucossoma em veios isolados
Grupo Andrelancia, Trés Coragdes, MG .
i ¢ Qtz + Pl + Ms + H,0 = Bt + Lig

18
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Metatexito estromatico na zona de cisalhamento Pernambuco
Hbl peritética

Lucas Tesser Qtz + Pl + Bt + H20 = Kfs + Hbl + Liq
19

contato transcional entre leucossoma e residuo
residuo — anfibolito

leucossoma — tonalito

fase peritética — hornblenda (cpx?)

migmatito de anfibolito, corrego Uba, Acaiaca, MG

Qtz + PI + Hbl; + H,O = Cpx + Hbl, + Liq

20
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residuo com Pl + Opx + Cpx + [lm
leucossoma — tonalito

melanossoma / fase peritética — Opx

granulito mafico, leucossoma com Opx peritético, Stenigekusten, Provincia Sveconorwegian, Suécia

Qtz + Pl + Hbl = Opx + lig

21

Contrib Mineral Petrol (1984) ¥6:264-273

Mineralogy and
Petrology
Verlag 1984

& Springer-

Beginning of melting in the granite system Qz—Or—Ab—An—H,O

Wilhelm Johannes

Instivur fiir Kristallographie uod Peirographie der Universitit, Welfengarien 1, D-3000 Hannover 1, FRG

Abstract. The beginning of melting in the system Qz—Or—
Ab—~An—H,0 was experimentally reversed in the pressure
range Py o=2-15 kbar using siarting materials made up
of mixtures of quariz and synthetic feldspars. With increzs-
ing pressure (he melting temperature decreases [rom 690° C
at 2 kbar to 630° C a1 17 kbar in the An-free alkalifeldspar
granite system Qz—Or—Ab—H,0. In the granite system
Qz—Or—~Ab—An—H,0 the increase of the solidus tem-
perature with increasing An-content is only very small, In
comparison to the alkalifeldspar granite system the solidus
temperature increases by 3° C (7°C) if albite is replaced
by plagioclase An 20 (An 40). The difference between the
solidus temperatures of the alkalifeldspar granile system
and of quarlz — anorthite — sanidine assemblages (system
Qz—Or—An—H,0) is approximately 50° C.

With increasing water pressures plagioclise and plagio-
clase-alkalifeldspar assemblages become unstable and are
replaced by zoisite + kyanite 4 quartz and zoisite+musco-
vile-naraonniie & anartz rexsnectivelv. The nrescure crahilie

cur by partial melting within deeper parts of the continental
erust.

Tuttle and Bowen mention that average granitcs contain
fess than 10% of normative constituents other than Ab,
Or, and Qz, They therefore conclude that the equilibrimm
relations determined in this system will yield information
directly applicable Lo the granite problem,

Accerding to Winkler (1979) it is absolutely necessary
(o consider the anorthite component present in (he plagio-
clase of gneisses and granites when dealing with problems
of preiss anatexis. Winkler emphasizes that amall contents
of An-comp haveap ced effect on the solidus

perdtures and on the position of cotectic melts.

Winkler and v. Platen (1958, 1960, 1961) investigaied
the beginning of melting and the development of melt com-
positions in gneisses and crystalline schists during high
grade metamorphism. The solidus temperatures increase
dramatically (according to Winkler, 1979, see ulso v. Platen
106%) with increasing An-onntent of the invalued nlagin.

22
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Fases peritéticas

* As fases peritéticas sao aquelas fases solidas
formadas como residuos solidos das reagdes de
fusdo incongruente
— Qtz + Ms + H,0 = Al,Si05 + Liq

* A presenga de H,O ajuda a fusdo e faz com que haja
apenas uma fase peritética

— Qtz + Ms = AL,SiO5 + Kfs + Liq

* Sem H,O ocorre nimero maior de fases peritéticas e
aqui nenhuma ¢ mafica!

— Qtz + Bt + Sil = Grt + Crd + Kfs + Liq
* A quebra de fase Fe-Mg gera fases peritéticas Fe-Mg

25
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Do que depende a 7 de fusao?

Proporcao Qtz, Kfs, Pl, Ms, Bt, Sill na rocha

(ou seja, a composi¢ao da rocha)

Da quantidade de H,O e da composi¢ao do

fluido

* Da composi¢do do plagioclasio (> An, > T)

Da P (pressdo confinante)

29
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Progress relating to calculation of partial melting equilibria for
metapelites
R. W. WHITE,"* R. POWELL' AND T.J. B. HOLLAND?

'School of Earth Sciences, University of Melbourne, Melbourne, Vic. 3010, Australia (rwwhite@unimelb.edu.au)
?Department of Earth Sciences, University of Cambridge, Cambridge CB2 3EQ, UK

ABSTRACT

Improved activity-composition relationships for biotite, garnet and silicate liquid are used to construct
updated P-T grids and pseudosections for high-grade metapelites. The biotite model involves Ti charge-
balanced by hydrogen deprotonation on the hydroxyl site, following the substitution
R}, +20H], = Tiy, + 207, where HD represents the hydroxyl site. Relative to equivalent
biotite-breakdown melting reactions in P-7 grids in K,O-FeO-MgO-Al,05-SiO,-H,O (KFMASH),
those in K,O-FeO-MgO-Al,05-Si0,-H,0-TiO>-0, (KFMASHTO) occur at temperatures close to
50 °C higher. A further consequence of the updated activity models is that spinel-bearing equilibria
occur to higher temperature and higher pressure. In contrast, the addition of Na,O and CaO to
KFMASH to make the Na,O-CaO-K,0-FeO-MgO-A1,05-SiO,-H,0 (NCKFMASH) system lowers
key biotite-breakdown melting reactions in P-T space relative to KFMASH. Combination of the
KFMASHTO and NCKFMASH systems to make Na,O-CaO-K,0-FeO-MgO-Al,05-SiO»-H,O-
TiO,-0, (NCKFMASHTO) results in key biotite-breakdown melting reactions occurring at temper-
atures intermediate between those in KFMASHTO and those in NCKFMASH. Given such differences,
the choice of model system will be critical to inferred P-T conditions in the application of mineral
equilibria modelling to rocks. Further, pseudosections constructed in KFMASH, NCKFMASH and
NCKFMASHTO for several representative rock compositions show substantial differences not only in
the P-T conditions of key metamorphic assemblages but also overall topology, with the calculations in
NCKFMASHTO more reliably reflecting equilibria in rocks. Application of mineral equilibria
modelling to rocks should be undertaken in the most comprehensive system possible, if reliable
quantitative P-7 information is to be derived.

Key words: activity model; mineral equilibria; pseudosection; P—T grid; THERMOCALC.

30
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Sistema fechado e aberto

* Sistema fechado — o fundido ¢ mantido junto
com sua fonte

* Sistema aberto — o fundido ¢ retirado, separado
da sua fonte, em um Unico episddio ou em
episodios. Isso implica em segregacao do
fundido (e mudancga de fertilidade)

34
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The composition of anatectic melt and its complementary residue by forward modelling of

closed-system and open-system melting using THERMOCALC

M. Pavan'?*"; R. Moraes?, E. W. Sawyet3

'CPRM — Geological Survey of Brazil, Rua Costa 55, Consolagdo, CEP 01304-010, Sao Paulo SP,

Brazil.

’Instituto de Geociéncias, Universidade de Sdo Paulo, Rua do Lago 562, CEP 05508-080, Sio Paulo SP,

Brazil.

3UQAC - Université du Québec a Chicoutimi, 555 Boulevard de 1'Université, Chicoutimi, QC, G7H
2B1, Canada

Submitted to Lithos
35
Table 1: Chemical composition of samples used in this work. Values in wt. % were
extracted from Condie (1993), converted to mol. % and simplified to NCKFMASHTO
chemical system to run the calculations in THERMOCALC. FeOt* corresponds to values
converted from Fe,Ost.
Samples Graywack_e_bulk Shale b}1‘1k
composition composition
oxides wt. % mol. % wt. % mol. %
SiO, 66.10 70.22 63.1 68.26
TiO, 0.77 0.61 0.64 0.52
AlLO; 15.00 9.39 17.5 11.15
F6203 - 0.10 - 0.10
FeOr* 5.80 5.15 5.65 4.99
MgO 2.10 3.32 2.2 3.55
CaO 2.60 2.96 0.71 0.82
Na,O 2.80 2.88 1.06 1.11
K0 2.50 1.70 3.62 2.50
H,O - 3.67 - 7.00
Sum 97.67 100.00 94.6 100.00
36
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P (GPa)
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wacke - sistema aberto
retirada do fundido em 0,45 GPa

mett fraction ~ 20 mol

elt fraction ~ 25 mol %
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Closed-system melting Open-system melting
@ residuo 0 100 FeO+MgO 0 100
[ fundido
Na,0+Ca0
40
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Moda mineral do residuo e porcentagem de fundido

Graywacke bulk composition

44

12/3/20

22



Relacao entre composicao de rocha, reacao de
fusao, residuo, 7, fase peritética e composicao

do fundido

 Cada rocha funde intervalo especifico de T

em 7" mais baixa ( ~730 °C) a reacdo de fusdo em um
pelito

— Qtz + Ms + PI =Kfs + AL,SiO4 + Liq
o fundido ¢ granitico, pois a reagao funde Ms, Qtz e PI

as fases peritéticas tem K,O e Al,O;, relacionadas a Ms

45

* Em T mais elevada (7' >750 °C) a reagdo de

fusao em um pelito
—Qtz + Bt + Sil + Pl = Kfs + Grt + Crd + Liq

o fundido ¢ granitico a granodioritico, pois a reagao
funde Qtz, P1 e Bt (e se soma ao fundido granitico que
Jé& estava presente)

as fases peritéticas tem K, O, FeO, MgO, Al,O,,
relacionadas a Bt e Sil

46
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* Em 7 mais elevada (7>850 °C) a reagao de

fusdo em um anfibolito

— Qtz + P1 + Hbl = Cpx + Liq

o fundido ¢ tonalitico, pois a reacao funde Qtz, Pl e
nao ha de onde tirar K,O

a fase peritéticas tem CaO, FeO e MgO relacionadas
a Hbl e P1

47

Leucossoma

* Fundido (granito) minimo — representa

composi¢do do eutético, onde feldspato
alcalino (albita - ortoclasio) coexistem com
quartzo, Qtz-Ab-Or-H,0O, ou de um ponto em
cima da linha cotética em sistema Qtz-Ab-Or-
AIl-HzO

Muitos granitos apresentam composi¢ao
normativa em torno dessa composi¢ao

* Leucossoma com essa composi¢ao &€ raro

48
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DOI: 10.1590/2317-4889201920180066 Brazilian Journal of Geology

Evaluation of the contributions of possible sources to
the leucosome of the diatexite of Socorro-Guaxupé
Nappe, in the Alfenas Region, MG, Brazil

Lizeth Hernandez Tasco', Renato Moraes®

Abstract
The Socorro-Guaxupé Nappe crops out in southern Minas Gerais and it has an intermediate unit called Metaxite Unit, dominated by di-
atexites at its base, with large volumes of leucosome and schollen of stromatic garnet.biotite metatexite. Leucosome within the schollen

crystallized via fractional ¢ ization and is d d by plagioclase and quartz, although K-feldspar might be present. However, the
larger volume of the coarse-grained lencosome, that dominates the unit, has granite, imes close to mini granite composition. So,
its formation, after partial melting, tnvalved, segregation, fr: | cr and 1 por of k / residue

and leucosome / residue / peritectic phases indicate that the leucosome crystallized from more melt than a pelite source could produce, and
probably diatexite worked as a pre-magmatic chamber and stocked melt produced from the granulites sitting at its bottom. Large proportion
of biotite crystallized in the residue was formed due to equalization of water chemical potential between residue and leucosome,

KEYWORDS: Leucosome; melt crystallization; melt segregation; partial melting; Socorro-Guaxupé Nappe.

Braz. ). Geol., 49(1):e20180066

49
47° 46° 45°
Souther Sao Francisco Craton
=
N
Sao Francisco Plate and Andreldndia Terrane Paranapanema Plate
Camancas Nappe System (NEc) Cryogenian - Ediacaran
Neoproterozoic-Ediacaran Socorro-Guaxupé Naf’pe
{—! Carmo da Cachoeira Nappe (NEcc) E Late and post-oregenic granites
[I7] uiberdade nsppe (NEn) Synorogenic granites
- Granustic allochthon (NEtpy: Trés Pontas-Varginha Nappe) I:] Metatexites Unit
Paleoproterozoic-Rhyacian I oisetes unt
| Calk-akaline orthogneisses from island-arc compiex (PRmg) - Basal Granuiites Unit
Migmatitic orthognelsses (PRgn) Study sample
Figure 1. Geological map of the Southern Brasilia Orogen with the location of the study area (cut and modified from Campos Neto etal. 2011).
50

12/3/20

25



12/3/20

Objetivos

* Comparar:
— composi¢ao do leucossoma dentro do schollen

— composi¢ao do leucossoma grosso do diatexito
— avaliar semelhancas, diferencas de fonte, fusao e o

processo de cristalizacao

51
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Nappe Socorro-Guaxupé; unidade:de diatexite, Alfenas, MG
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Nappe Socorro-Guaxupé, unidade de'diatexito, Alfenas, MG
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Mineral
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Figure 5. The crystallization sequence of felsic minerals in each
leucosome types.
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rich (1 — ALFE-71D1) or poar (2 — DE3-3B1-C} in garnet. In all three images {A) is 2 scan of the thin section (B) is  drawing of residue
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Figure 8. Proportions of the migmatite parts recognized in thin section and normalized to 100%; peritectic garet (Grt), leucosome (Leu)
and residue (Rsd).
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Figure 10. Proportions of the migmatite parts recognized in field and normalized to 100%; peritectic garnet (Grt), leucosome (Leu) and
schollen — residue (Rsd).
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Figure 6. QAP diagram of the mineral modal percentage of in
leucosome types and related residues, when available. A tie line
connects a residue with leucosome symbols that are from the same
thin section. The isolines shows equilibrium diagram for the granite
minimum at 10 kb from Luth et al. (1964).
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Conclusoes

* A investigagdo do neossoma do diatexito em
questdo permite concluir que a sua cristalizacao
teve envolvimento de:

— segregacao do liquido

— cristalizag@o na fonte do liquido remanescente
— cristalizagdo paulatina do liquido segregado

— acumulo de feldspato potassico

* O volume de fundido observado, se balizado pela
propor¢ao de Grt, € muito maior, implicando que
pode ter ocorrido adi¢cdo proveniente de outras
unidades

60
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Stolen from Edward Sawyer

* Model for leucosomes!

61

An explanation: segregation during crystallisation of melt

What controls what we see in leucosomes is not so much the prograde stage,

but the cooling of migmatites. Most deep regional migmatites cool very slowly and
are above the melt solidus temperature (~650°C) for ~30 My, during this time the melt
they contain is slowly crystallising. So there is a low viscosity, low density melt with
high viscosity dense crystals; these can be separated from one another.

Start of cooling

Largely melt-depleted matrix

New dilatancy develops

40»
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An explanation: segregation during crystallisation of melt

What controls what we see in leucosomes is not so much the prograde stage,

but the cooling of migmatites. Most deep regional migmatites cool very slowly and
are above the melt solidus temperature (~650°C) for ~30 My, during this time the melt
they contain is slowly crystallising. So there is a low viscosity, low density melt with
high viscosity dense crystals; these can be separated from one another.

New dilatancy develops

low pressure site
<||»

7
g’ Melt fraction moves down
the pressure gradient

63

63

An explanation: segregation during crystallisation of melt

What controls what we see in leucosomes is not so much the prograde stage,

but the cooling of migmatites. Most deep regional migmatites cool very slowly and
are above the melt solidus temperature (~650°C) for ~30 My, during this time the melt
they contain is slowly crystallising. So there is a low viscosity, low density melt with
high viscosity dense crystals; these can be separated from one another.

Fractionated melt, which continues to crystallise

Leucosome 1 y
I
Largely solid; early-crystallised minerals

(mostly plagioclase) + a little trapped melt

64

64
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An explanation: segregation during crystallisation of melt

What controls what we see in leucosomes is not so much the prograde stage,

but the cooling of migmatites. Most deep regional migmatites cool very slowly and
are above the melt solidus temperature (~650°C) for ~30 My, during this time the melt
they contain is slowly crystallising. So there is a low viscosity low density melt with
high viscosity dense crystals; these can be separated from one another.

New dilatancy develops, creating
a lower pressure site »

Melt fraction moves down

i +
Fractionated melt + crystals o e ErEETe e

Leucosome 1 /

Largely solid; early-crystallised minerals
(mostly plagioclase) + a little trapped melt

65
An explanation: segregation during crystallisation of melt
What controls what we see in leucosomes is not so much the prograde stage,
but the cooling of migmatites. Most deep regional migmatites cool very slowly and
are above the melt solidus temperature (~650°C) for ~30 My, during this time the melt
they contain is slowly crystallising. So there is a low viscosity low density melt with
high viscosity dense crystals; these can be separated from one another.
More fractionated melt,
which continues to
crystallise
Leucosome 2 //
S ——
// Largely solid: crystallised minerals
i cosement / (plagioclase + K-feldspar) + a little trapped melt
/
I
Largely solid; early-crystallised minerals
(mostly plagioclase) + a little trapped melt
66
66
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An explanation: segregation during crystallisation of melt

What controls what we see in leucosomes is not so much the prograde stage,

but the cooling of migmatites. Most deep regional migmatites cool very slowly and
are above the melt solidus temperature (~650°C) for ~30 My, during this time the melt
they contain is slowly crystallising. So there is a low viscosity, low density melt with
high viscosity dense crystals; these can be separated from one another.

Solidification complete

Leucosome 3
Solid; crystallised fractionated
melt, dominated by
K-feldspar + quartz

Leucosome 2

@/,

Youngest

// Solid; framework of . .
Leucosome 1 // plagioclase + K-feldspar Change In composition
/ microstructure (and
I ——— crystallisation age)
Solid; framework of early-crystallised
plagioclase Oldest

67

CONCLUSIONS

* Microstructure and compositions of leucosomes
are powerful tools for understanding the
relationships and processes that occur in
migmatites as they cool and solidify.

* But you need to know which part of a migmatite
has been sampled; e.g. to demonstrate melting
you need the residuum, not the leucosome.

* If you are interested in dating; be aware that
leucosomes can have many different
morphologies and all come from the same
melting event.

68

68
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Texturas

» Existem microestruturas que indicam:
—fusdo (auréolas de contato — texturas raras)
—cristalizagao de liquido residual (residuo)

—cristalizacao do liquido anatético
(leucossoma)

—recristalizagao
—fases peritéticas
—reacgoes de substitui¢ao de fases peritéticas

69

Inicio da fusao e o angulo diedral

melt-filled
melt-filled triple junction

four-grain
junctions q

(b)

triple
junctions

trapped
melt
pockets
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Progressao da fusio e o angulo diedral

'ur‘:ctions four-grain RS
: junctions

boundary
(a)

Experimentos
de fusao

* Notar forma
arredondada
dos graos
dissolvidos

* Forma dos
insterticios
entre os graos
dissolvidos

72
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Cristaliazacao
r b 1:%
de ¥1qu1do i
residual nas =
. ~ >
jungoes §
triplices &
3
L
5
£
<

73

Texturas de fusiao parcial

* As texturas de fusdo sdo raras

* Ocorrem em auréolas de contato

» Sao facilmente destruidas pela deformagdo e recristalizacao
* e com o metamorfismo regional?

— envolve fusdo, segregacdo, deformagao
— formagdo de migmatitos

74
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Por que o angulo diedral é importante?

1° LIMITE - quando uma

(N {
< —\/—\3‘ rede de liquido é gerada
">_2_ \_<_ >_ pode ocorrer segregagdo do
‘\_/_<_,/ . fundido 5-7% fundido - 6
g 80,0 <30°
£ T \ transi¢ido da

& conectividade de fundido

comego da fusdo
T~700 °C — 6 > 60°

T>800 °C

Até uns 23% de

fusdo, ainda ocorre
contato fisico entre
as bordas dos graos

2° LIMITE — acima de 23\“7; de fusdo (valor maior
quando ocorre maior propor¢ao de minerais
placdides), os graos perdem o contato e a rocha pode
fluir — transicdo sélido para liquido

81

Cristalizacio de liquido residual dentro do residuo
(neossoma nao segregado)

* Comumente
formada por filmes
de quartzo e ou
feldspatos
cristalizados entre
as fases residuais e
com continuidade
optica

82
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* Notar:

— quartzo intersticial com orientagao cristalografica
continua

Leucossoma

 Cristalizacao do leucossoma produz texturas igneas
que podem ser subsequentemente modificadas por
recristalizacdo

» Notar:

o

plagioclasio
euhedral

° quartzo
intersticial

84
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1 mm

Image by Richard White, see White et al., (2001) JPet

85

ALF-71
iatexito — Alfenas

Nappe Socorro- Guaxupé

g ﬁ

\
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MGR-06,*leucossoma
Pelitg .
CriStais subeuédricos de PL *
Crd na borda.do leucossoma
Luz polarizada

Luz polarizada + placa de gypso

44



MGR-06 — residuo de pelito Notar as terminagdes em cunha e reentrencias do
Crd na borda do leucossoma P1, Kfs € do Qtz — isso € cristalizagdo de fundido!
Luz polarizada + placa de gypso

89
MGR-06 — residuo de pelito Notar os filmes de P1, Kfs e do Qtz em torno da Grt
Crd na borda do leucossoma e Crd - isso ¢ cristalizagdo de fundido!

Luz polarizada

90
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MGR-06 — residuo de pelito
Crd na borda do leucossoma

Luz polarizada

Notar os filmes de P, Kfs e do Qtz em torno da Grt
e Crd - isso ¢é cristalizagdo de fundido!

91
Recristalizacao
» Texturas formadas pela cristalizacao de liquido
aprisionado (intersticial) podem ser
recristalizadas pela deformagao
— angulos diedrais menores que 30° sao substituidos
por 120°
92
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STRONGLY MELT-DEPLETED MIGMATITES

Leucotrondhjemite protolith; H,O added melting, Opatica Subprovince
quartz + plagloclase + K-feldspar + H,O = melt

= ; : 49
1mm F ~24%, My~ 5% Sawyer, 2013
93
STRONGLY MELT-DEPLETED MIGMATITES
Leucotrondhjemite protolith; H,O added melting, Opatica Subprovince
quartz + plagioclase + K-feldspar + H,O = melt
20
94
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MODIFICATION OF THE FILMS OF MELT AND START
OF SUB-SOLIDUS TEXTURAL MODIFICATION

The films of melt on the grain boundaries have “necked down” to
form droplets that forms a “string of beads” microstructure
3, el St .
- h . N :

4 51
Sawyer, 2013

1mm

95

SOLID-STATE MODIFICATION OF STRING OF BEADS MICROSTRUCTURE

Development of higher dihedral angles (6 ~120°)

» .

1mm Sawyer, 2013

96
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MICROSTRUCTURAL MODIFICATION IN THE SOLID STATE

Polygonal microstructure develops, but some former melt films pseudomorphed
by K-feldspar remain evident

1T mm

EL180B

54
3

97

. By ¥
5 mm Microestruturas em diatexitos

)
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5mm

Sawyer, 2013

99

5mm Sawyer, 2013
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Granada peritética
no leucossoma

102
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MGR-06
residuo rico em Crd

103

MGR-06
residuo rico em Crd

104
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Bt + Qtz ¢ Pl
naborda¥da Grt
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E quando nao
ocorre retro-
reacio?

* Isso implica em perda de
fundido (ou seja, a
propor¢ao fundido
gerado/fases peritéticas
mudou)

* aBt+ bQtz —
cKfs + dGrt + el

107

Retro reacao (back-reaction)

14 T | T

~ KFMASH ~
12 KFASH .-~
KMASH .-

P (kbar)

108
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Texturas - conclusao

* A textura do migmatito:
— leucossoma — textura ignea + fases petitéticas
* pode ser alterada por deformacao tardia com recristalizagdo

— residuo — textura metamorfica + cristalizagdo do liquido
aprisionado

* pode mudar por rescristalizagdo + deformagao
* colar de pérolas, graos recristalizados, contatos 120 °©

* textura de consumo parcial das fases peritéticas por reacao
com o liquido

— diatexito — predomina textura ignea + fases peritéticas

* pode mudar por rescristalizacdo + deformacgao, gerando graos
recristalizados e contatos de 120 °
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Partial melting. partial melt extraction and partial back reaction in
anatectic migmatifes
Leo M. Kriegsman

Departmaent af Geology. Universiy af Tark. FIN-20014, Turia. Fintand

Received 30 Masch 2000, received m revised form 12 7

2000; sccepted 12 Jume 2000

Abstract

Antectic mignatites coamonly show both prograde (enopy producng) ad retrograde reaction: berween minerals snd
melt. The final texrures, mineral modes and mevers] chemdciies aze affected by foun suceessive processes. (i) prograde
pastal melung sad small scale segregaiion iute wellrich domains sd sestitic domnainy. (i) patial mell exuaction, (i)
pastial reograde react ek reaction) benveen i site crystallizing meft and the restite; (iv) erystallization of temsinmg
melt at the solids, el 2 volatiles.

A new model s presented which combines the fows successive processes. Partial melting s¢ assumed to affect all texmeal
elements of 2 mugmante tar in & closed sysem. Heoce, the protolith (palaeoscme) is separated into restie (now
mesosome) + melt. A batch melting model i3 aszumed with segregatica of all batche: except the last. The segregated. but
10t exracted, melt back reacts ouly with the sdjscent poations of the mesoscme, tesuliing in a melanoscme—leucosome paiy
The lss | mﬂezmd melt batel. a loca! volume fraction below the melt cegregation threshold. back seacts with the

e, Aoy nonreacting melt crystallizes @ o nsa e solidus, relecsing volsules. An importay
\\nsequem\ of this model iz that it do mot v show linear
compositicnal wends tn & clozed system This affects hquid composition: deduced from leucozowmes, mepers] modes snd
compoaitions a: well a3 mass balance in mizmatites and the possible sranite-miZmatite connection may therefore be blvgred
Allowing water fluxes into and ont of the system does not seriously affect the conclusions.

A simple graphical analyzis suzgests that texturally observable back reaction berween melt and reatite may occur if
certain conditions are fulfilled, most importantty: (i} fimid-absent, incongment melting: (i) coystallization far above the
(1i£) imcomplete melt escape. Melancsome biotite is relictic in watec-samuated p:msl mernnz as well as in reactions
suming biotite. In other cases, melanosome beotite is partly relictic and partly produced during back reaction. The
g fretrozrade versus prograde biotite will thus depend on the protolith, on the melting reaction. and oa kinetic facicrs.
© 2001 Efsevier Science B.V. All righes reserved

Keywords: Meh: Migmatites; Back reacticn; P-7 paths; Mass balance
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- migmatization models -

Modelo dindmico para
formacido de migmatito

p——i
y 1-10 em
observed migmatise layers

®
@ @ ® model Mehnert (1968), Mchnert & Busch (1982): pulxeosome = mesosome
@D @) @) model Johamnes & Gupta (1952), Johunncs (1953, 1985, 1988)
@ @ @ madel Hotmquist (1921), Wickler & Voa Platen (1961): no meluncsome
Kriegsman, 2001 @ @ new moded with back reaction: melanosome purtly prograde, pantly retrogrude

Fig, 3 Schematic representation of pablihed migmatite mocels 1nd the now mode] proposce! ia this paper

115

————————————1 o \J \G i G
= restite = — = Si0y W 50 7 ®  MgOTFeOIMaO

Fig 7. Same migmatite compositional diagram as Fig 2, bu
% melanosome == cagtiand by aow sl e
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descri¢io

leucossoma
(neossoma)

melanossoma
(neossoma)

residuo
(neossoma)

paleossoma

selvedge mesossoma

Mehnert porgao porgdo porgdo da rocha - porgdo da rocha
(1967) leucocratica melanocrética que sobrou da pouco ou nao
Qtz + Kfs + Pl Bt, Grt, Crd, Hbl, Px  fusdo apos modificada pela
segregacdo do fusao
fundido -rocha encaixante
- protolito
Brown (1973) porgao porg¢ao porgdo da rocha porgdo da rocha
leucocratica melanocratica que sobrou da que sobrou da
Qtz + Kfs + Pl Bt, Grt, Crd, Hbl, Px  fusdo apos fusdo apds
segregacdo do segregacdo do
fundido fundido
Johannes & porgao porgdo porgdo da rocha residuo
Gupta (1982) leucocratica melanocrética que sobrou da mesocratico de
Qtz + Kfs + Pl Bt, Grt, Crd, Hbl, Px  fusdo apos qualquer rocha
segregacdo do bandada
fundido
Sawyer (2008)  porgdo porg¢ao porgdo da rocha rocha que nio porgdo mafica
leucocratica melanocratica que sobrou da fundiu que separa duas
Qtz + Kfs + Pl Bt, Grt, Crd, Hbl, Px  fusdo apos porgdes
segregacdo do (algo totalmente  diferentes do
fases peritéticas das  fundido diferente do migmatito
reagdes de fusao protolito)
Kriegsman porgao porgdo porgdo da rocha varias definigdes ~ por¢do méfica
(2000) leucocratica melanocrética que sobrou da tardia (confunde
Qtz + Kfs + Pl Bt, Grt, Crd, Hbl, Px  fusdo apos com a defini¢do
segregacdo do de melanossoma)
fundido
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origem leucossoma | melanossoma residuo paleossoma selvedge mesossoma
(neossoma) (neossoma) (neossoma)
Mehnert cristalizagdo do fases residuais da rocha que sobra termo mal
(1967) fundido apos fusdo parcial apos fusdo e definido (um
segregacdo segregacdo de enigma), pois a
fundido defini¢do muda
ao longo livro
~ residuo do
protolito
Brown (1973) cristalizagdo do fases residuais da rocha que sobra residuo do
fundido apos fusdo parcial apos fusdo e protolito
segregacao segregacdo de
fundido
Joh & cristalizagio do fases residuais da residuos
Gupta (1982) fundido apos fusdo parcial mesocraticos de
segregacao rochas bandadas
submetidas &
fusdo parcial
Sawyer (2008)  cristalizagdo do fases residuais rocha que sobra parte que ndo porgio mafica
fundido apos (peritéticas) da apos fusdo e fundiu da rocha formada por
segregacdo fusdo parcial segregacdo de reagdo entre o
com cristalizagdo fundido uma rocha fundido e uma
fracionada ou totalmente porgao adjacente,
nao diferente do normalmente
protolito do residuo, durante o
migmatito resfriamento
Kri cristalizagdo do fases residuais rocha que sobra varias defini¢des  por¢do mafica
(2000) fundido apés (peritéticas) da apos fusdo e tardia gerada por
segregacio fusdo parcial segregacdo de reagdo entre
fundido fundido e porgdo
adjacente
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