
Mantle-crust transfers, construction of the subcontinental lithosphere, and crustal growth 

 

The bulk continental crust, andesitic in first approximation (Rudnick, 1995) and enriched in incompatible elements, 

appears to be complementary to the depleted upper mantle (Allègre and Rousseau, 1984) suggesting a two stage 

extraction by (1) partial melting of the primitive mantle generating a mafic crust and leaving a depleted mantle 

followed by (2) differentiation through fractional crystallization and/or partial melting of this mafic crust leading to 

the generation of the continental crust (Hoffmann, 1988; Arndt and Goldstein, 1989; Albarede, 1998). 

 

Nowadays, accretion, i.e. the formation of new crust (Figure 1), occurs (i) at mid-oceanic ridges by partial melting 

of depleted mantle producing tholeiitic basalt (MORB), (ii) above mantle plumes by the emplacement of Oceanic 

Islands Basalts (OIB) and Continental Flood Basalts (CFB), and (iii) above subducting plates forming magmatic 

arcs made up of mafic to intermediate calc-alkaline magmas issued from partial melting of the fertilized mantle 

wedge (Wilson, 1991). These magmatic arcs and/or associated sedimentary basins may be tectonically accreted 

to active margins (Cawood et al., 2009; Collins, 2002). Continental margins might in turn might be affected by 

reworking, i.e. deformation and metamorphism of pre-existing crust, erasing partially or totally its former structural, 

isotopic and geochronological record (e.g. (Hawkesworth et al., 2010). As a counterpart, recycling of the continental 

crust back into the mantle occurs either by subduction of sediments at convergent plate boundaries (von Huene 

and Scholl, 1991; Veizer and Jansen, 1979) or by delamination of crustal roots (Hawkesworth et al., 2010). The 

present-day balance suggests that tectonic accretion of magmatic arcs is the dominant mechanism of continental 

growth, which is in part counterbalanced by recycling of sediments along subduction zones (Scholl and von Huene, 

2009). Moreover, tectonic reconstructions of orogenic belts integrating an estimation of volume transfer along 

convergent plate boundaries, only realized yet on a few examples such as the Alps, Pyrenees or Himalayas (Le 

Pichon et al., 1992; Marchand and Stampfli, 1997; Replumaz et al., 2010; Vanderhaeghe and Grabkoviak, 2014) 

indicate that a significant portion of the continental crust (up to 30%) might be entrained in subduction with 

lithospheric slabs. 



At first glance, structural, petrologic and geochronological data indicate that the present-day continents are 

composite, consisting of old Archaean nuclei surrounded by younger, Precambrian and Phanerozoic, orogenic belts 

suggesting progressive growth of the continents (Hoffman, 1978; Condie, 1982). It has also been proposed that 

the generation of the continental crust was achieved during the differentiation of the primitive hotter Earth into a Fe-

Ni core, a silicate mantle depleted in incompatible elements and an enriched crust (Armstrong, 1968; Reymer and 

Schubert, 1986). The generation of a felsic continental crust in the very early stage of the Earth’s evolution has 

been corroborated by the discovery of 4.4 Ga zircon grains in the 3.3 Ga Jack Hills metaconglomerate exposed in 

Western Australia (Wilde, 2001; Blichert-Toft and Albarède, 2008). Progressive crustal growth since the Archaean 

has been advocated on the basis of Nd model ages of detrital sediments (McCulloch and Wasserburg, 1978; Allègre 

and Rousseau, 1984), depletion in Nd relative to Sm in mantle-derived magmas (McCulloch and Bennett, 1993). 

High-precision measurements of Sm-Nd isotopes of meteorites (Carlson et al., 2007) and of early Archaean 

supracrustal rocks (Caro, 2011) evidence the extraction before 4.0 Ga of an enriched crustal reservoir. This early 

felsic crust, or enriched reservoir, has not yet been sampled (except for a few detrital zircon grains) and its location 

is enigmatic. 

The composition and structure of the oldest cratons (e.g. Pilbara, Kapvaal) dominated by granitic domes separated 

by greenstone belts made of komatiites, basalts and supracrustal rocks led some authors (e.g. Van Kranendonk et 

al., 2007; de Wit, 1998) to consider that Archaean crustal growth might have been dominated by the differentiation 

of mafic magmatic complexes emplaced above mantle plumes in a hotter and more dynamic Earth (Figure 2; Kröner 

and Layer, 1992). In contrast, Phanerozoic formation of new continental crust is mostly related to the development 

of magmatic arcs along convergent plate boundaries (Figure 2; Taylor and Mc Lennan, 1995). This change in Earth 

dynamics from a vigorous convecting mantle to plate-dominated sluggish convection is a consequence of secular 

cooling of the Earth (Fyfe, 1978; Stern, 2008). This neither precludes the formation of magmatic arcs in the 

Archaean (Martin, 1993; Van Kranendonk et al., 2007) nor the emplacement of large magmatic complexes above 

mantle plumes in the Phanerozoic (Martin et al., 2008; Grégoire et al., 1998). 

Compared to Archaean cratonic nuclei, Proterozoic orogenic belts show a much wider range of lithologies, with 

magmatic complexes characterized by signatures spanning from alkaline to calc-alkaline and from metaluminous 

to peraluminous, and with sedimentary sequences dominated by silicic-clastic deposits associated with carbonates. 

Competing models were proposed regarding the mechanisms involved in the formation of Proterozoic belts around 

Archaean nuclei. The model of intracratonic orogens formed by inversion of aborted continental rifts is favored by 

authors putting emphasis on the stratigraphic and structural analysis of external zones (Miller, 1983; Daly, 1989; 

Porada and Berhorst, 2000). In contrast, the formation of magmatic arcs at convergent active margins is supported 

by the calc-alkaline signature of magmatic rocks and the identification of mafic rocks recrystallized under high-

pressure/low-temperature assemblages including eclogites (Brown, 2007; Ganne et al., 2011; Moyen et al., 2006). 



The organization around cratonic nuclei of linear belts comprising magmatic complexes and detrital and carbonate 

sedimentary sequences suggests a succession of magmatic and tectonic accretion at convergent plate boundaries 

(Vanderhaeghe et al., 1998). Nevertheless, these belts are also structured in domes and basins but with a tendency 

to develop a preferred elongation suggesting the contribution of horizontal shortening (Cagnard et al., 2006; 

Duclaux et al., 2007).  


