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aBStraCt

In the Pan-African belt of the Dronning Maud Land, Antarctica, crystallized melt inclusions (nano-
granitoids) occur in garnet from ultramafic granulites. The granulites contain the peak assemblage 
pargasite+garnet+clinopyroxene with rare relict orthopyroxene and biotite, and retrograde symplec-
tites at contacts between garnet and amphibole. Garnet contains two generations of melt inclusions. 
Type 1 inclusions, interpreted as primary, are isolated, <10 μm in size, and generally have negative 
crystal shapes. They contain kokchetavite, kumdykolite, and phlogopite, with quartz and zoisite as 
minor phases, and undevitrified glass was identified in one inclusion. Type 2 inclusions are <30 μm 
in size, secondary, and contain amphibole, feldspars, and zoisite. Type 2 inclusions appear to be the 
crystallization products of a melt that coexisted with an immiscible CO2-rich fluid.

The nanogranitoids were re-homogenized after heating in a piston-cylinder in a series of four 
experiments to investigate their composition. The conditions ranged between 900 and 950 °C at 1.5–2.4 
GPa. Type 1 inclusions are trachytic and ultrapotassic, whereas type 2 melts are dacitic to rhyolitic. 
Thermodynamic modeling of the ultramafic composition in the MnNCKFMASHTO system shows 
that anatexis occurred at the end of the prograde P-T path, between the solidus (at ca. 860 °C–1.4 GPa) 
and the peak conditions (at ca. 960 °C–1.7 GPa). The model melt composition is felsic and similar to 
that of type 1 inclusions, particularly when the melting degree is low (<1 mol%), close to the solidus. 
However the modeling fails to reproduce the highly potassic signature of the melt and its low H2O 
content. The combination of petrology, melt inclusion study, and thermodynamic modeling supports 
the interpretation that melt was produced by anatexis of the ultramafic boudins near peak P-T condi-
tions, and that type 1 inclusions contain the anatectic melt that was present during garnet growth. The 
felsic, ultrapotassic composition of the primary anatectic melts is compatible with low melting degrees 
in the presence of biotite and amphibole as reactants.
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introduCtion

When continents collide and/or are subducted, large volumes 
of crustal rocks may reach temperatures sufficiently high for 
partial melting to occur. Part of this material consists of metasedi-
ments and granitoids, whose behavior during melting—in terms 
of chemical reactions, conditions, and products—has been the 
target of an extensive experimental campaign over three decades 
long (e.g., Clemens and Wall 1981; Vielzeuf and Clemens 1992; 
Patiño-Douce and Harris 1998; Vielzeuf and Montel 1994; Mann 
and Schmidt 2015; Schmidt 2015). However, continental collision 
and crustal subduction does not only involve silica-rich rocks. 

Mafic and intermediate rocks are thought to form much of the 
lower crust (Rudnick and Gao 2014), whereas ultrabasic rocks, 
such as orogenic peridotites, may also be involved (Bodinier and 
Godard 2003). Like silica-rich lithologies, silica-poor rocks can 
reach high-temperature conditions under which they will begin 
to melt during subduction and/or exhumation. Partial melting of 
intermediate and mafic rocks is known to play a key role in the 
formation of the first continental crust in the early Earth (e.g., 
Johnson et al. 2013, 2017) and has a crucial influence on chemical 
differentiation (Condie et al. 2003; Sizova et al. 2015). Experi-
ments suggest that the melting of metabasalts (Beard and Lofgren 
1990; Rushmer et al. 1991; Rapp et al. 1991), eclogites (Rapp 
et al. 2003), and amphibolites (Foley et al. 2002) can produce 
trondhjemite–tonalite–granodiorite (TTG) suites that form the bulk 
of exposed Archean continental crust (Johnson et al. 2017) as well 
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