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Avec des idées empruntées à 

H. Martin, O. Vanderhaeghe, O. Laurent 



De quoi ça parle? 

• Les granitoïdes et la construction de la croûte 
archéenne 

• Que nous dit la géochimie des granitoïdes? 

• Les granitoïdes comme marqueurs de la 
dynamique de la croûte 

• Un peu de géodynamique 



La croûte continentale est surtout 
Archéenne 

 



La CC archéenne est différente de la 
CC moderne 

 

… et les granites aussi ! 



Proto-croûte 
Vs. 
Croûte felsique évoluée 



Benn & Moyen 2008 (GSA Spec.Pub. 440 in press) 

Evolution progressive de la crt : 
 Kenogamissi complex 



Archaean geology: the basic question 

Plate tectonics or not in the hotter Archaean 
mantle ? 



Géochimie des granites Archéens 

SiO2 > 60% 
N ≈ 3000 



A common approach:  
« tectonic discrimination » 



1. They assume a finite, well-
defined set of possible 
tectonic sites (e.g. no post-
orogenic setting ?!) 

2. They assume we know 
possible Archaean tectonic 
sites (!) 

3. They do not tell anything 
you don’t know before… 

4. They do not work anyway 
(at least for complex 
settings) 

What’s wrong with geotectonic (« discriminant ») diagrams for 
(Archaean) granites? 
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Aegyrine alk. Granite 
(Corsica) 

Bt-Ms granite 
(French Variscan) 

Hbl-Kspar granite with MME 
(Matok, S. Africa) 
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So, what can we do ? 

• Remember that 
Cl =  

C0 

F + D (1 - F) 

Melting of sediments 

Melting of arc basalts 

Melting of MORB 



Apparently different tectonic sites! 

 

But, of course, 
everything happens in 
the same place 
(= same setting…) 



Types of Archaean granites 

 



Modern (phanerozoic) granites 
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- « Crustal » (collision) granites show short 
trends (no intermediate/mafic rocks 
associated) 

- Very distinctive behaviour in A/CNK vs. A/NK 
(cst Ca) 
 

 Fundamental difference in petro. behaviour between both types! 

ASI = A/CNK 
Molar Al203/ CaO + Na2O + K2O 
A/NK 
Molar Al203/ Na2O + K2O  
(Fsp stoechiometry) 

Fro
st et a

l 2
0

0
1

 (J. Pet) Bt dehydration 
melting 



Some Archaean granites are comparable to modern 
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Fields:  
Brown- collision 
Red- Active margin/post coll 
Blue- Oceanic plateau/ridge 

Crustal granites and collisions 

Mantle (HKCA, sanukitoids) and post-collision 



No real equivalent for TTGs 
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« low pressure » (ca. 10 kbar evolution) TTGs and oceanic plateaus/ridges 

« high pressure » TTGs (20 kbar) and ??? 

Bt dehydration 
melting 

Amphibole 
melting 



« Crust » vs. « Mantle » granites 

Mantle origin Crust origin 
Comagmatic microgranular mafic 

enclaves (MME) ubiquitous 
MME rare 

Generally Hornblende bearing Hornblende rare 

Generally potassic Potassic or sodic 

Often K-feldspar porphyritic Variable, more frequently 
equigranular 

Syn to post tectonic Variable from pre to post tectonic 

Little zircon inheritance Significant zircon inheritance (old 
cores etc.) 

Relatively low A/CNK 
negative slope in Shand diagram 

Relatively high A/CNK 
positive slope in Shand diagram 

Relatively high mg# Relatively low mg# 



Archaean C-type granites 

Pg  + Qz + Bt (± amp, Ep) Pg  + Qz + Bt + KSp  



C-types compositions 

Potassic C-types 

Sodic C-type (TTGs) 

End-members of a 
continuum? 



Experimental melts and C-type 
granites 

• Effect of different sources 

 

• Effect of pressure (same 
source: Zamora, 2000) 

Pelites 

Grauwackes 

Amphibolites 

Source 

Melt 



 



TTG (sub)types – worldwide  

 



TTG subtypes: different pressures of melting 

Grt-in 

Ru-in 

Plag-out 
Sr, Na2O, Al2O3 

Nb, Ta 

Y, Yb 

Pressure 

ca.10 kbar 

ca. 18 kbar 

ca. 15 kbar 

(Approximate pressures, vary with source 
composition and water availability) 

HP group 

MP group 

LP group 

(oceanic  
plagiogranites, 

Iceland dacites,  
etc.) 



Evidence for different melting depths  
in the TTG record 

 

1. 20 Cpx  50 Amp  20 Pg  10 Grt   ca. 10-12 kbar 
2. 25 Cpx  60 Amp   15 Grt   ca. 12-18 kbar 
3. 60 Cpx    40 Grt 1 Rt   ca. 20+ kbar 

(Approximate pressures, vary with source 
composition and water availability) 

Willbold, today 14.50 

Laurie, today 15.10 



PT conditions for different TTG types 



Source and melting pressure of Archaean C-type 
granitoids 

 



Closepet, S. India (2.52 Ga) 

Dod, S. India (2.54 Ga) Matok, S. Africa (2.67 Ga) 

Peewah, WA (2.95 Ga) 

Archaean M-type granites 
(and associated intermediate diorites etc.) 



M-type granitoids: link with intermediate 
rocks (K-diorites) 

• M-types are always associated 
with intermediate rocks 
– Evidenced by MME 
– But also larger stocks up to        

≈ 1 km 

• K-diorites 
• 2 petrological questions: 

– Relations between diorites and 
granodiorites/granites 
• Fractionnal crystallization? 
• Remelting of mafic precursor? 
• In-situ mixing with local country 

rocks or crustal melts? 

– Origin of the diorites 

Rio Maria GGT, Oliveira et al.  



M-type granitoids: origin of the  
K-diorites 

• The most enriched components 
in the suite are the diorites 

• They typically have higher LILE 
& LREE than surrounding crust 

Crustal contamination unlikely 

Enriched mantle source 

 

Roaring River:  
Stern, R. A., 1989.  
PhD Thesis, SUNY. 

Closepet (Moyen et al. 2001) 



 

R. Rapp  (Hutton 2007 poster) 



Experimental results 

As expected, experimental 
melts have high mg# and Cr, 
and TTG-like trace elements 
patters are preserved. 



Hybrid granites 

 

Laurent et al. In press 



Granites, gneiss et migmatites 

•  Grey gneisses = « background » lithology of Archaean terranes. May form up to 80% 
of Archaean C.C. 

•  TTG = Tonalite-Trondhjemite-Granodiorite. Sodic granitoids, high Sr/Y and La/Yb, form 
by melting of metamafics. Supposedly protolith of grey gneisses (!) 

Sand River Gneisses (3.1 Ga), Limpopo, South Africa 

Leucosomes 

Amphibolites 

Metapelites 



Grey Gneisses and TTG 

 



 



 



 



Le Massif Central Français: granites 



..et migmatites 
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Métatexites 

Diatexites 

Métatexite

s 

Manteau lithosphérique 

(Burg & Vanderhaeghe, 93; Vanderhaeghe et al., 99; Ledru et al.; 01) 

Diatexites 
Métatexites 

Granites 

Diapo O. Vanderhaeghe 



Bouguer anomaly 

Granites = melt extracted  
from source layer 
Negative Bouguer anomaly 

Velay complex = no melt extracted  
Source layer outcrops 
No Bouguer anomaly 



N S 

Couzinié et al. 2014 

- Crt fondue sur le long terme 
- Extraction ponctuelle 



Structure de la croûte anatectique 

 





Abitibi: zone des plutons? 

 



Kenogamissi complex: structure 
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Map patterns and crustal level 

Gary Beakhouse OGS 



NEPS:  
zone fondue 



Considérations géodynamiques 



Subduction ? 
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(van Hunen & van den Berg, 2008) 
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• For low Tmantle subduction looks like today’s 

Weaker Archaean plates? 
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Weaker Archaean plates? 
ti
m
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viscosity 

• For higher Tmantle frequent slab break-off occurs … 
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Weaker Archaean plates? 
ti
m
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viscosity 

• … or subduction completely stops. 
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(van Hunen & van den Berg, 2008) 



Collision ? 

 

Chardon et al. 2009 



Subduction and collision – they may not look 
like what we expect 

Hot orogens, inspired by Chardon et al. 2009 
(adding discontinuous subduction) 

J. Bédard’s « snarc-ish » Earth (2012) 



Le message… 

• Les granites reflètent la construction, la différentiation 
et la stabilisation de la croûte continentale 

• Origine crustale (surtout) mais il y a aussi des 
composants mantelliques 

• Les granites crustaux reflètent surtout leur source, un 
peu les conditions de fusion: différentiation progressive 
de la croûte 

• Les plutons de la croûte supérieure sont les traces de 
l’extraction de liquide de la croûte inférieure fondue 



 

Merci ! 

Barberton (R.S.A.) 
Syénites et granites « tardifs » (3.1 Ga) intrudant les gneiss TTG à 3.45 Ga 


