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EVOLUCAO MAGMATICA

« Conjunto de processos magmaticos que levam a
formacdo da diversidade composicional de um
magma parental

- Hein?¢



CONCEITOS RELACIONADOS A
EVOLUCAO MAGMATICA

- Magma primitivo: agquele que guarda a
composicao original do magma parental obtido
por fusado do manto

« Magma primario: pouco usado, mas seria o fermo
mais adequado quando se frata de magmas
crustais

- Magma parental: aguele que dd origem a outros
por diferenciacdo

- Magma derivado: oriundo do item anterior



UM POUCO MAIS SOBRE MAGMA
PARENTAL

- Magma parental: aguele que da origem G uma

série de magmas via diferenciacdo

« Tem composicdo mais proxima da original (do

saido da fonte)

- Série: por conseguinte, corresponde a um conjunto
de rochas cujas composicoes se relacionam entre

Si por um ou mais processos de diferenciacdo



CONCEITOS

- O conceito de Suite magmdtica e de Provincia
magmatica

1. Grupo de rochas igneas aparentemente comagmaticas
(1dades proximas);
2. Uma colecao de rochas de uma unica area, geralmente

representando rochas igneas relacionadas;

3. Colecao de rochas de uma mesma tipologia
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Figura 1 - Mapa pré-drift da Provincia Magmatica do Parand-Etendeka. Le-
genda: 1. basalfos, 2. vulcanicas dcidas do tipo Chapecd, 3. vulcdnicas dci-
das do tipo Palmas, 4. diques, 5. drea adjacente. Modificado de Milner el al.
(1995), Stewart el al. (1996), Peate (1997) e Nardy (2002).
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DIFERENCIACAO MAGMATICA

- Processos de DIFERENCIACAO

 Sistema Fechado
Fracionamento cristal-liquido
Separacado fisica de fundidos imisciveis
Separacado fundido-fluido

 Sistema Aberto
Assimilacdo de um contaminante inicialmente solido

“Mistura” entre dois ou mais magmas de composicoes
similares

“*Mistura” entre dois ou mais magmas de composicoes
confrastantes



Figure 3.20 Partial fusion in a model ternary system
A-B-C, in which the solid phases a, b and c are pure A, B
and C respectively (after Barker 1983, Fig. 7.1, p.125):
(1) Appearance of bulk composition X at a temperature below
that of the ternary eutectic £, i.e. the subsolidus assemblage.
(2) Partial fusion has begun to produce liquid (black) with a
composition £, at those points where the three phases a, b
and ¢ are in mutual contact.

{3) More advanced melting, still at £,, at the point at which all
of the phase b is used up.

(4) Liquid escapes as b is consumed, leaving a crystailine
residue of a and ¢ of bulk composition X'. This residue will
only be able to melt further if the temperature is raised to that
of the binary eutectic E,.
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Table 1
Summary of time scales
Fluids from the subducted slab 1001000 m/yr [49]
Solid diffusion rates 1071921071 em?/s [75]
Rates of crystal growth 107192107 em/s
Rates of crystal dissolution 5-20 mol/cm?/s [75]
Ages of crystals at eruption up to ~ 1.5 Ma (e.g. [34])
Rates of magma differentiation:
Rb/Sr isochrons 2.5% 1073 km® of magmalyr[41]
U-Th-Ra fraction of magma crystallised ~ 3.5X10™4/yr [50]
Incubation period for crustal melting 10°-106 years [61]
Magma ascent rates 26 km/day from xenolith-bearing magmas [74]

10 km/yr from U-series isotopes [76]

Rates of eruption:
Plinian m/s [77]

Sub-plinian <cm/s [78]




FRACIONAMENTO EM SISTEMA
FECHADO

Cristalizacdo Fracionada




MECANISMOS DE SEPARACAO DE
CRISTAIS

- Afundamento (settling)

 2gr2(dg — dy)
-

V = Velocidade de afundamento (cm/sec)

g = Aceleracdo da gravidade (980 cm/sec?)

r = Raio do mineral aproximado para uma esfera(cm)
d.= Densidade do mineral (g/cm3)

d; = the density of the liquid (g/cm3)

n = viscosidade do magma (1 g/cm sec =1 poise)

v



DENSIDADES DE CRISTAIS E MAGMAS

* Minerais - Magmas
Type Density [kg/m?]
Basalt magma 2650 - 2800

Mineral  Abundance Density Andesite magma 2450 - 2500

, (%) (g/cm”) Rhyolite magma 2180 - 2250
Labradorite 60 2.69
Augite 27 3.50 .0
Olivine 10 332
. Alkaling ,.'01’
Apatite 3 3.19 2.0 qusalto alcalino
Quartz 35.80 | 265 8 20 ——
‘ : - ey asalto toleitico
- Microcline 20.50 2.56 & [—tteme.
Oligoclase | 2990 | 265 g 2 Andeo

~ Muscovite | 13.30 2.82
Biotite 0.40 3.09 -
Epidote 0.10 345

Riolito

2.%800 OO0 1200 OO
Temperature,”C.

(a)



Viscosity (Pa s)
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PARA PENSAR

- Por que feicoes cumuldaticas sao mais comuns em
rochas de composicdo basdltica em comparacdo
com rochas de composicdo riolitica?



DARWIN, AQUELE MESMO

* One side of Freshwater Bay [sic; this is an error in Darwin’s publication and
should be Buccaneer Cove], in James Island, is formed by the wreck of a
large crater, mentioned in the last chapter, of which the interior has been
filled up by a pool of basalt, about two hundred feef in thickness. This
basalt is of grey colour, and contains many crystals of glassy albite, which
become much more numerous in the lower, scoriaceous part.... At James
Island, the crystals of albite, though no doubt of less weight than the grey
basalt, in the parts where compact, might easily be of greater specific
gravity than the scoriaceous mass, formed of melted lava and bubbles of

heated gas.
Darwin, 1844; p. 244.



CRISTALIZACAO FRACIONADA

* Bowen popularizou a ideia

—— ———— — — —— - — — o}

Fio

Divineg (forsterite) erystals in glass showisng powition of seotions in

ke crncible % 10,

N, L. Bowen— Crystallization. 175

Awr. X, — Orvystallizotion — Differentiation in Silicate
Ligwids ; by N, L. Bowex,

Antroduction.

Ever since Darwin pointed ont the possible importance of
the sinking of ceystals in a tluid mwagma, this process has
received some attention from geologists when considering the
canses that have bronght about the observed variety of igneons
rocks, Thongh Laving a few ardent advocates like Schweig.
the process has met on the whole with little fuvor. The
question is not infrequently dismissed with the stateinent that
there is no evidence that eryatals sink in magmas, Thiz sum-
mnry rejection of the process is (lluiuc inconclusive. Such &
statement, to have any weight, shonld be accompanied by » fair
discussion of the kind of evidence that would be expected and
& convincing proof that sneh evidence is alwent, ’IPI:: impor-
tance of the proee=s must le judged by the extent to which
obaerved results agree with the resnlts to e expected if such 4
I)Mﬁ! were Olmnl‘i\'k. l':xil"li"ﬁl ill "liu “’H_\' 1t M)U'“ lJEL'UlI)E’
apparent that the subject cannot be dismissed in a sentence, for
many igneons bodies showing density stratitication forbid it,
In the writer’s opinion the sinking of erystals wiil not only
ezeape suminary rejection as a resnlt of such exsinination, but
will be sccepted as of very fundamental importance, In this
paper dizeussion will be avoided of the whole question of the
extent to which obeerved tleld-facts indicate the importance of
the sinking of erystals in magmas. The purpose of the paper
is principally to describe n few experiments which illustrate
the operation of the process in mineral solutions from which
crystals nre forming and to apply the results to one or two
OCRNTPRINCes.

In a recent paper on “ The Ternury Syatem : Diopside Forster
ite-Silica,” the writer discussed the resnlts which wonld follow
from thesinking of erystals in some of the liqnids of the s
These liquids are rather more flnid than most ertifc
drovs melts, nud umong such melts should be eather favorable
for the sinking of ceystals, It was determined, thevefore, to
hold & sanall erncible of one of these nelts at & Lanperature at
which it should econsist of liquid and erystals and to observe
what effects of this kind could be obtained. The advaotages
of using artificisl melts which lad formerly been completely
inveatigated are wany. It was known at what tempernture the
mixture shonld be held to obtain the desired effect. No eom.

* This Jomrual (&), xxaviii, 268 1914,

Crystal settling

o

1
I

o%%:g:ogg B20g032 S22

Crystallization-Differentiation in
Silicate Liquids (1915)
Am. J. Sci., s4-39(230):175-191



CRISTALIZACAO FRACIONADA

Temperature / P . Igneous Rock
R Bowen’s Reaction Series "™ .
Highest
Temgerature ULTRAMATIC
1400°C - komatiite, peridotite -

(first to crystalize)

BASALTIC
o - basalt, gabbro -
=
(o))
£
Ie) ANDESITIC
o} y Sk
O - - andesite, diorite -
\/ Sodium-rich
Lowest Potassium Feldspar
Temperature \ A GRANITIC
650°C Muscovite Mica - rhyolite, granite -

A L 4
(last tocrystalize) Quartz



O PAPEL DA DIFERENCIACAO POR
CRISTALIZACAO

» Série toleitica:
basalto toleitico—~andesito—dacito—riolito

* Série alcalina:
basalto alcalino—traquibasalto—traquito—fonolito

» Série calcio - alcalina:
basalto—andesito—dacito—riolito

Série Magmaticas
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Figure 199. FMA diagrams
showing the different trends of
variation in three volcanic rock
series:

Thingmuli, Iceland (a
‘tholeiitic’ series), after
Carmichael (1964).

Tristan da Cunha (an ‘alkaline’
series), after Baker er al.
(1964).

Lome, Scotland (a ‘calc-
alkaline’ series), after Groome
and Hall (1974).
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PRODUTOS

* Liquid line of descent
« Cumulatos
« Vocés viram algum exemplo?
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68'08N

Hgg %?r D :] Undifferentiated country rock

' Basistoppen sheet &
m ZZ::: - Vandfaldsdalen macrodyke

Marginal Border Series [ ]tce and glacial deposits

m Sketch map of the Skaergaard
Intrusion (East Greenland),
showing the division into the Marginal

$ Border Series (that crystallised inwards

| from the walls), the Upper Border Series

| (that crystallised downwards from the roof)

I and the Layered Series (which crystallised
Skaergaard upwards from the floor). The inset strati-
graphic column shows the subdivisions of
the Layered Series into Lower Zone (LZ),
Middle Zone (MZ) and Upper Zone (UZ)

Upper Border (see main text for definitions) with + and
- symbols indicating the addition or
ndwich Horizon removal of phases from the mineral assem-
+ fermobustamite blage crystallising from the remaining

magma body. The Sandwich Horizon marks
the point where the floor and roof series
meet. See main text for a description of the
) Triple Group. The Basistoppen sheet and

= the Vandfaldsdalen macrodyke are later,

j T Grove related, intrusions. The location of the
trough bands illustrated in Ficure 3 is
shown. Growaicar Mar arreie McBirney
(1989).
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Layered
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Ice

Basistoppen sheet and feeder

Plag + Ol
.Plag + Ol + Aug
UBZp Plag + Pig + Aug + Mt
Plag + Ol + Fe-Aug + Mt + Ap

Plag + Ol + Fe-Bust + Mt + Ap

Plag + Ol + Fe-Aug + Mt + Ap
!.L_ Plag + Ol + Fe-Aug + Mt
MZ Plag + Pig + Aug + Mt
LZc Plag + Ol + Aug + Mt
Plag + Ol + Aug
Plag + Ol

Plag + Ol

Eocene volcanics

Cretaceous sediments

-Archean gneisses

Holocene unconsolidated material

Eocene Skaergaard intrusion

Bowen’s Reaction Series

| Sodium-rich

Potassium' Feldspar

Muscovite Mica
L3






. 0.5 mmE 0.5 mm Cpx
¢ A E—

m (A) A plagioclase adcumulate, formed of grains with a  (B) An orthocumulate, formed of primary precipitate plagioclase
uniform composition grown from liquid derived from grains cemented by abundant clinopyroxene {Cpx). In this rock,
the plagioclase grains are compositionally normally zoned (some

examples are arrowed) denoting growth from progressively

the overlying bulk magma. Clinopyroxene is the only other mineral
in this rock, forming small isolated grains at grain boundaries {(some

\ are arrowed). fractionating liquid within the mushy layer. Pyoros: Marian Houness
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Mesocumulate Adcumulate

Orthocumulate

The three postcumulus processes

12.16 Evolution of cumulus fabric.



(a)

N
4

GLOSSARY OF TERMS COMMONLY USED IN LAYERED INTRUSION RESEARCH

Textural Adcumulate Rock containing 93%-100% accumulated crystals and fine-grained interstitial minerals

Terms Mesocumulate Rock containing 85%-93% accumulated crystals and fine-grained interstitial minerals
Orthocumulate Rock containing 75%-85% accumulated crystals and the remainder constituting interstitial minerals
Oikocryst Anhedral-subhedral crystal enclosing multiple crystals (chadacrysts) of a different mineral phase(s)

12,16 Evolution of cumulus fabric. The three postcumulus processes
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ROCHAS CUMULATICAS

Como segregar o liguido: compactacdo versus
conveccao desencadeada por diferenca de
composicAo (vimos no video)

Origin of modal and rhythmic
igneous layering by sedimentation
in a convecting magma chamber

R. Stephen Sparks®, Herbert E. Huppertt,
Takehiro Koyaguchil & Mark A. Hallworth*

* Department of Geoclogy. University of Bristol, Bristol BS8 1RJ, UK

T Institute of Theoretical Geophysics, University of Cambridge
Cambridge CB3 SEW, LK

¥ Earthquake Research Institute University of Tokyo, Tokyo 13, Japan

Nature, Janeiro (1993)




Dynamics of
Magmatic Systems

Magma Chambers

B Classical B Solidification Front

(A) The classical concept of a magma chamber where  encased in marginal solidification fronts within which all crystallization
crystals nucleate, grow, and settle from the interior to  occurs. The chemically fractionated residual melt is trapped within the
chemically fractionate the residual melt. (B) The same magma chamber  front and is normally inaccessible to extraction and eruption.



Dynamics of
Magmatic Systems

Bruce D. Marsh*

Solidification Front

Solidification Front
Interstitial Melt Silica Content (wt%)
7570 65 60 55 50

(s

10 08 06 04 02 O
Crystallinity

Melt Viscosity (poise, ¢.g.s)

m A basaltic solidification front depicting the change in
composition and viscosity of the interstitial melt with

position or crystallinity within the solidification front. The highly silicic
melt resides within the strongest part of the front.




SEGREGACAO DE CRISTAIS POR FLUXO
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SEGREGACAO DE CRISTAIS POR FLUXO




SEGREGACAOQO POR FLUXO

Contents lists available at ScienceDirect

Tectonophysics

journal homepage: www.elsevier.com/locate/tecto

Quantifying magma segregation in dykes @Cmm
P. Yamato *** T. Duretz ¢, D.A. May ®, R. Tartése ¢¢



SEGREGACAOQO POR FLUXO

©=15% 1~40000s c
1 beemngasse ‘ .......... ‘ . . .....
¢ a random
08 N, S :_. - ¢ o [‘C'!Zcq'al
= vertical

|

o
E-N
1

segregation

10 20 30 40
crystal volume percentage [%)]

X[m % x@m "% xpm !

Fig 3. Influence of the initial crystal arrangemen. () Left: random arrangement (reference experiment ), middle: horizontal arrangement, right: vertical arrangemenst. All other parameters are
similar to those used in the reference simulation. (b} Results obtained after 40,000 s for these three numerical experiments. The amount of segregation is indicated in the white ellipse.
(c) Values of segregation obtained in these three configurations for different initial crystal volume percentage. Red triangles, squares and dots correspond to the initial random arrangement
experiments, the initial horizontal arrangement and the initial vertical arrangement, respectively. Red shaded area corresponds to the variability of the segregation that could be obtained by

changing the initial arrangement of the crystals.



FILTER PRESSING

* Requer gradientes de pressao
» Aberturas de fraturas
 Efeitos de compactacao

« Sobrepressdo por excesso de volateis
de magmas residuais
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DIFERENCIACAO MAGMATICA

- Processos de DIFERENCIACAO

 Sistema Fechado
Fracionamento cristal-liquido
Separacao fisica de fundidos imisciveis
Separacado fundido-fluido

 Sistema Aberto
Assimilacdo de um contaminante inicialmente solido

“Mistura” entre dois ou mais magmas de composicoes
similares

“*Mistura” entre dois ou mais magmas de composicoes
confrastantes



IMISCIBILIDADE

Identificada pela primeira vez em
basaltos lunares

Tipos
Silicato-silicato
Silicato-oxido e silicato-fosfato
Silicato-carbonato
Silicato-sulfeto



diverge significativamente

POR QUE?
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IMISCIBILIDADE SILICATO-SILICATO

Tridymite
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Figure 7-4. Diagrama T-X isobarico do
sistema An-Fo-SiO, a 0.1 Mpa.
Anderson (1915) e Irvine (1975)

Figure 6-12. Diagrama T-X isobarico do
sistema Fo-SiO2 a 0.1 Mpa. Bowen &
Anderson (1914) e Grieg (1927)
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Figure 7-4. Diagrama T-X isobarico do
sistema An-Fo-SiO, a 0.1 Mpa.
Anderson (1915) e Irvine (1975)

Figure 6-12. Diagrama T-X isobarico do
sistema Fo-SiO2 a 0.1 Mpa. Bowen &
Anderson (1914) e Grieg (1927)
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SILICATO-SILICATO

FeO + MnO + TiO, + CaO + P,0s

Fe-rich glass ;" ",

Experimental '
immiscibility field

Inclusoes de liquidos
imisciveis ricos em Fe Si
aprisionados me apatita,
Sept lles layered intrusion,
Canada (Charlier et al, Silica-tich glass |

2011) No K0 510,
+ALO; + MgO

Tholeiite host rock

12.7 Compositions of immiscible melts in tholeiite basalt. Dotted
lines enclose analyzed immiscible melts (now glasses, con-
nected by dashed tie line) and host rock compositions. Shaded
area is field of immiscible melts in model system KAISi,Og-
Fe,Si0,4-Si0O,. (Redrawn from Philpotts, 1982.)



IMISCIBILIDADE SILICATO-METAL

Geology. 2013;41(10):1091-1094. doi:10.1130/G34638.

Native iron and iron-hosted melt pools in
the Khungtukun intrusion (Siberia). A,B:
Native Fe globules along fractures in
plagioclase and clinopyroxene
phenocrysts, respectively (reflected-light
optical microscope). C: Back-scattered
electron image of the polished fragment of
gabbro with a large mass of native Fe
(white), containing solidified melt pools
(black). D,E: Secondary electron images of
melt pools with two immiscible phases
(Lge—Dbright; Lg;—dark) in native Fe with
exsolved cohenite Fe;C (slightly darker
than Fe).

From: Magma chamber—scale liquid immiscibility |
the Siberian Traps represented by melt pools in
native iron




IMISCIBILIDADE SILICATO - CARBONATO

Nazo + Kzo

T=1250°C
P=0.5 GPa

Si02+A|203 CaO AR ‘ ; E'hl:ltl:l ;\ll:l...lﬂl'gi

Table 12.4 Chemical Composition of
Carbonatite Segregations in Nephelinitic Ash
Particles, the Two Representing Immiscible Melts,
Oldoinyo Lengai, Tanzania

CARBONATITE NEPHELINITE
SiO, 3.17 43.97
TiO, 0.10 2.34
ALO, 1.05 7.96
FeOt 1.33 11.03
MnO 0.33 0.37
MgO 0.3 4.68
CaO 15.52 17.77
Na,O 30.05 4.91
K;O 5.35 1.57
P,O5 1.28 0.32

Data from Dawson et al. (1994).




DIFERENCIACAO EM
SISTEMA ABERTO

ASSIMILACAO E MISTURA DE MAGMAS



ASSIMILACAO

- Aspectos da disgestao de xendlitos
« Transferéncia de calor para equilibrio térmico

« Transformacoes resultantes dessa transferéncia: difusdo,
fusdo/dissolucdo

« A primeira parte pode ser considerada puramente fisica
« A segunda pode ser sumarizada como digestdo quimica



DIFERENTES PROCESSOS DE
ASSIMILACAO

CASE 2 CASE 3

FiG. 6. Physical and chemical styles of assimilation. Case 1. Physical assimilation only. Purely mechanical disintegration of
foreign material. Assimilation occurs entirely by physical processes to produce a statistically homogeneous distribution of
the foreign solid material “strewn about”™ (Bowen 1922) in the granite host. There is a low cost in thermal energy to the host
granitic magma (the only heat required is that to raise the temperature of the foreign material to the ambient temperature of
the granitic magma). Case 2. Physical and chemical assimilation combined. Foreign material undergoes partial melting or
partial dissolution and disintegrates. The two melts, or melt plus dissolved component, homogenize by diffusion or mixing,
and the solids disperse to become statistically homogeneously distributed in the granitic magma host. There is a moderate
cost in thermal energy for the granitic magma because of additional heat required for latent heat of fusion or dissolution.
Case 3. Chemical assimilation only. Total melting or complete dissolution of foreign material followed by physical (mixing)
or chemical (diffusion) to produce a homogeneous hybrid magma. There is a high cost in thermal energy for the granitic
magma because of extensive additional heat for total fusion or dissolution.



ASSIMILACAO
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DIGESTAO DE XENOLITOS

* Fusdo e incorporacdo do fundido

PROCEEDINGS OF THE FIFTEENTH LUNAR AND PLANETARY SCIENCE CONFERENCE, PART 2
JOURNAL OF GEOPHYSICAL RESFARCH, VOL. 90, SUPPLEMENT, PAGES C585-C3590, FEBRUARY 15, 1985

Xenolith Digestion in Large Magma Bodies

DavipD WALKER

Lamont-Doherty Geological Observatory and Depariment of Geological Sciences, Columbia University

WALTER S. KIEFER

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 91, NO. B9, PAGES 9395-9406, AUGUST 10, 1986

MELTING AND DISSOLUTION KINETICS:
APPLICATION TO PARTIAL MELTING AND DISSOLUTION OF XENOLITHS

Akira Tsuchiyamal

Department of Geology, University of Oregon, Eugene



EVIDENCIAS DE CAMPO




CAMPO E QUIMICA

* Quimica de cristais de biotita .

3.50 b
250 o >-'k < X + Xenolith Cores
S x ;i ”_'—:—"T_'*— = Xenolith Rims
> - &
= 2.00 - i i LI | Xenolith Tails
» Tonalite Host
150 =
1.00 ¢ )
0.660 0.680 0.700 0.720 0.740
FeOl(FeO+MgO)

Fi16.3.  Compositions of biotite grains in a contaminated tonalite. (a) Outcrop photograph
of marginal tonalite in the Port Mouton Pluton (coin for scale). Country-rock xenoliths
have become biotite-rich schlieren. Biotite samples selected for chemical analysis
come from four locations: core, rim, and tail of xenolith, as well as from the tonalite
remote from xenoliths. (b) Although xenolithic and magmatic biotite may have differ-
ent concentrations of TiO,, clear discrimination between xenolithic and “magmatic™
populations is not possible. In particular, some of the texturally “magmatic™ grains have
a composition similar to that in the xenoliths. The chemical data are from McCuish
(2001).



E QUANDO OS XENOLITOS NAO ESTAO
NOS PLUTONS, MAS HA EVIDENCIAS DE
CONTAMINACAQO?
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Figure 1. Appearance and structure of examples of frothy xenolith fragments. Densities have been
determined using the Archimedes method after Kueppers et al.*’. Errors are estimated to be approximately 5%.
Left column: sample photographs. Right column: Scanning Electron Microscope (SEM) images. (a,b) Partially
melted and vesiculated gneiss fragment enclosed in phonolitic lava from the Auvergne, France. (c,d) Vesicular
marine arkose enclosed in basaltic scoria from Gran Canaria, Canary Islands, Spain™. (e,f) Vesiculated schist
from the Eifel, Germany. Vesicles form preferentially along the bedding/cleavage planes. (g,h) Frothy former
granite erupted from Mt. Melbourne, Antarctica.
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Figure 1. Appearance and structure of examples of frothy xenolith fragments. Densities have been
determined using the Archimedes method after Kueppers et al.*’. Errors are estimated to be approximately 5%.
Left column: sample photographs. Right column: Scanning Electron Microscope (SEM) images. (a,b) Partially
melted and vesiculated gneiss fragment enclosed in phonolitic lava from the Auvergne, France. (c,d) Vesicular
marine arkose enclosed in basaltic scoria from Gran Canaria, Canary Islands, Spain™. (e,f) Vesiculated schist
from the Eifel, Germany. Vesicles form preferentially along the bedding/cleavage planes. (g,h) Frothy former
granite erupted from Mt. Melbourne, Antarctica.




ASSIMILACAO

* Incorporacdo das rochas encaixantes
- Assimilacdo via fusdo € limitada. Por qué®e

7 MME e FME « FME+MME %Quarry
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ASSIMILACAQ: XENOCRISTAIS

— O
0,
w
—

» Desagregacdao mecdanica, depois d

The Canadian Mineralogist
Vol. 45, pp. 5-30 (2007)

ASSIMILATION OF XENOCRYSTS IN GRANITIC MAGMAS:
PRINCIPLES, PROCESSES, PROXIES, AND PROBLEMS

N < XN < X ~

D. Barrie| CLARKE?

FiG. 2. Stylized detection of country-rock xenocrysts in a
granite. (a) One extreme case: the mineral assemblage of
the granite and the country rock are completely different.
Any xenocryst of X, Y, or Z is easy to detect in the gran-
ite because it does not belong to the normal assemblage
of the granite. (b) The other extreme case: the mineral
assemblage of the granite and the country rock are identi-
cal. Xenocrysts of A, B, and C are difficult to detect in the
granite, but their textures and compositions may be distinc-
tive (Table 3). (¢) Normal case: there is some overlap in
the mineralogy of the magmatic and country rocks. In this
case, the magmatic phases are ABCX and the country rock
phases are CXYZ. Determination of the correct origin of
phases C and X in the granite is difficult. An additional
complication is that new peritectic phases (P) may appear
as the result of incongruent melting reactions in the coun-
try-rock xenoliths, but at least phase P is new and casy to
recognize. Phase P is magmatic in origin (in that it forms
in a melt-producing reaction), and may have a magmatic
texture, but its chemical constituents are entirely foreign.




100 ym

FiG. 1. Examples of xenocrysts in granitic rocks. (a) Crystals of zircon are among the most readily identifiable xenocrysts in
granitic rocks because of their distinctive U/Pb age signatures. These grains occur in peraluminous granites from the Rot
tenstone Domain, Trans-Hudson Orogen (after Clarke et al. 2005b, Fig. 7f) and have a xenocrystic core with SHRIMP ages
of ca. 1905 m.y. and a magmatic rim with ages of ca. 1843 m.y. (b) Large isolated crystal of xenocrystic andalusite in the
contact of the South Mountain Batholith (photo by Saskia Erdmann). (¢) Xenocrystic ilmenite (sample A11-2286) from
the South Mountain Batholith showing the same texture as ilmenite from the country rock (photo by Sarah Carruzzo). (d)
Irregularly shaped bleb of sulfide from the marginal granodiorite of the South Mountain Batholith. Although technically not
a xenocryst, it represents foreign material incorporated in the granitic magma (photo by Hugh Samson).
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FiG. 11. Sequence and relative importance of processes of assimilation of xenocrysts as
a function of time in a granitic magma. A purely qualitative estimate of the relative
importance of physical (P) and chemical (C) processes in the assimilation of country-
rock xenoliths in a granitic magma as a function of time. With increasing time, physical
processes decrease, and chemical processes increase, in relative importance.

(2001).
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MISTURA DE MAGMAS




TERMINOLOGIA

* Mingling € mixing
+ Enclave Agregados minerais que ndo se cristalizaram do
mMagma em que aparecem. Termo € principalmente

descritivo, (Ron H. Vernon — A practical guide to microstructure)



TIPOS DE ENCLAVE

» Xenolitos
- Autolitos
» Restitos

- Enclaves microgranulares (félsicos e
maficos)

- Ante/xenocristais
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Earth and Planetary Science Letters

www.elsevier.com/locate/epsl

Mafic-felsic magma mixing limited by reactive processes: A case study @CMM

of biotite-rich rinds on mafic enclaves

Michael J. Farner*, Cin-Ty A. Lee?, Keith D. Putirka®

* Department of Earth Science, Rice University, Houston, TX 77005, United States
" Department of Earth and Environmental Sciences, California State University, Fresno, CA 93740, United States
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EVIDENCIAS PETROGRAFICAS DA
MISTURA DE MAGMAS

0 Desequih’brio quimico
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EVIDENCIAS PETROGRAFICAS DA
MISTURA DE MAGMAS

» Resfriamento rapido




A IMPORTANCIA DA MISTURA NA
DIVERSIDADE COMPOSICIONAL DE MAGMAS
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MAGMAS HIBRIDOS

Crystal volume fraction
26 0.39

Schleicher and Bergantz (2017) Jpet, 58(6): 1-14
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IMPLICACOES DA MISTURA DE
MAGMAS PARA A PETROLOGIA
MODERNA

Desencadeamento de erupcoes

A ideia € antfiga, data da década de 70

Dois mecanismos distintos ponding + sobrepressdo versus
hibridizagcao

Erupcdo do Eyjafjallajokull (carinhosamente E15) possibilitou a
observacdo in loco do processo pela primeira vez

Solid Earth, 2, 271-281, 2011 A
www.solhid-carth,nev'2/271/2011/ @ Solid Earth
doi:10.5194/5¢-2-271-2011 -

© Author(s) 2011, CC Attribution 3.0 License.

Remobilization of silicic intrusion by mafic magmas during the 2010
Eyjafjallajokull eruption

0. Sigmarsson'”, L. Vlastelic’, R. Andreasen’, L. Bindeman®, J.-L. Devidal’, S. Moune', J. K. Kelding®, G. Larsen®,
A. Hisskuldsson-, and Th. Thordarson®
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NOTA DE CAUTELA SOBRE QUIMICA DE
ROCHA TOTAL

 Cristalizacao fracionada e mistura resultam em
padroes semelhantes
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