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summary

 Migmatite and the lower crust 
 What are migmatites are  
 Examples from the Ivrea basement in the Biella area (with Marco Palmieri) 

 Epilogue 



there was melt in the lower crust

The Palaeozoic (French Variscides)

Vanderhaeghe et al. 1999



there was melt in the lower crust

The Mesozoic Canadian Cordillera

Vanderhaeghe et al. 1999



there is melt in the lower crust

CONSEQUENCES 
1) Reduction of crust strength 
2) Lateral flow of crust 
3) Imposing limits on 

mountains elevation 
- Implication on climate!

 5

Nelson et al. SCIENCE 1996



migmatite-granite connection
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Partially melted, mica-bearing crust in Central Tibet

The lower crust is a 
mixture of 
i) partially melted rocks 
ii) Melt-depleted rocks 

(restite) 
iii) Unmelted rocks 

The specific state 
depends on P-T-X-fluid 
content

Hacker et al. (2014) 
Scaillet&Searle (2006) 

The mid crust intruded 
by granites



milestones in migmatites

1907 (Sederholm)

Spikarna islets

“The bedrock consists of a diffuse mixture of 
different granitic and gneissose rocks 
(…) 
Spikarna are localities where the mixed rocks 
can be studied particularly well. 
(…) 
Within these zones the rock is intersected by a 
dense network of veins consisting of a 
granite, partly pegmatic and aplitic and 
partly medium-grained, pink in colour 
(…) 

Mixture

MIGMA

MIGMATITE
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milestones in migmatites

1907 (Sederholm) 1968 (Mehnert)

Spikarna islets
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milestones in migmatites

2008 (Sawyer, Brown)

Spikarna islets
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1907 (Sederholm) 1968 (Mehnert)



migmatites are

 Rocks from medium to high grade metamorphic areas 
 At least some part of the migmatite is formed by partial melting (T > 650°C) 
 Fabric is heterogeneous at all scale 
• Mehnert’s book, 13 descriptive terms 
• Sawyer, Brown, c. 20 genetically-based terms 
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the fundamental parts of a migmatite

NEOSOME 
(Gr. soma, body) 
new body

The part of 
migmatite that 
underwent 
anatexis and 
changes of fabric 
and mineralogy

PALEOSOME 
old body

The part of 
migmatite that did 
not melt. 
IT IS NOT THE 
PARENT ROCK OF 
NEOSOME

Fertile layer (i.e. metapelite)

Less fertile layer (i.e. metasandstone)

PROTOLITH MIGMATITE

Leucosome

Melanosome 
Residuum



leucosome

Ulten Zone

Ivrea Zone near Biella

Redrawn after Sawyer, 2008



leucosome may, or may not, represent anatectic melt composition

SiO2 MgO+ 
FeO+MnO

Na2O+K2O

SiO2 MgO+ 
FeO+MnO

Na2O+K2O

Modified from Kriegsman 2001

CLOSED SYSTEM ANATECTIC MELT  
FRACTIONATION

proto

leuco
res



DIATEXITE with schollen to schlieren structure

Metatexite = migmatite containing evident pre-
migmatization layering, foliation or banding, which 
survived partial melting (Brown, 1973).

Diatexite = migmatite in which the pre-migmatization 
structures are destroyed (Brown, 1973)

Modified from http://users.monash.edu.au/~weinberg/Pages/KI2014/50pct/IMG_5630.JPG

METATEXITE with nebultic structure DIATEXITE with schollen structure 

megacrystic granite

leucocratic pod

two end-member morphologies
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MIGMATITE

main structures

Metatexite

patch

dilation

stromatic

vein

Diatexite

schollen

schlieren

diatexite s.s.

nebulitic

nebulitic



agmatic 
(greek for 
fragment)

Net

Schollen

DilationStromatic Schlieren Nebulitic

Mehnert, 1968



from field to inference

 metatexite-diatexite transition 
anywhere between 0.02 to 0.2 
melt fraction 
 strain has, obviously, a role 

Metatexite Diatexite

nebulitic

stromatic

patch

dilation

net
s

c
h

o
l
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n
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n
diatexite s.s.

Modified from Sawyer 2008







migmatites in the field - the Ivrea basement near Biella

Schmid et al. 2004

1:100000 Geologic Map of Italy (1967)

regional migmatites

contact 
migmatitesINSU

BR
IC

 LIN
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Ivrea high-grade basement @ Lanificio Pria



Ivrea high-grade basement @ Lanificio Pria

stromatic 
metatexite

schollen/schlieren 
diatexite

metatexite-to-diatexite transition



schollen vs schlieren

Paleosome 
(amphibolite)

Neosome
gradational to 
diffuse contacts

Schlieren, elongated trails of mafic mineralsSchollen, angular object floating in leucosome



leucocratic vein

metatexite 
(foliated amp-
gabbro) in-source 

leucosome?

Ivrea high-grade basement @ Biella poligono



neosome in amphibole-metagabbro
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coarsening 
less amphibole 

hypidiomorphic 



basement disruption by oligocene Miagliano Qt-monzodiorite intrusion
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Metamafic  
paleosome 
(Amp+Pl+Qt+Bt)

Q-monzodiorite
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Neosome

Metamafic  
paleosome 
(Anp+Pl+Qt+Bt)

Q-monzodiorite

Paleosome melting  
and magma contamination?

Neosome

Q-monzodiorite

 28



Dilationstoping and migmatization

 29



Dilationstoping and migmatization
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Dilationstoping and migmatization
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Dilationmafic selvedges
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Epilogue

 Working with migmatites requires a specific mind-set 
 Correct interpretation of field structures helps lab work (e.g. 

geochemistry)  
 The SW Ivrea basement: interested anyone? 
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