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Corundum + orthopyroxene ± spinel intergrowths in an ultrahigh-temperature Al-Mg 
granulite from the Southern Marginal Zone, Limpopo Belt, South Africa

G.A. BeLyAnin,* H.M. rAjesH,† D.D. VAn reenen, AnD H. Mouri 

Department of Geology, University of Johannesburg, Auckland Park Kingsway, Johannesburg 2006, South Africa

ABstrAct

We report the occurrence of unusual lamellar (random and regular subparallel) intergrowths of 
corundum and symplectic intergrowth of spinel with orthopyroxene in an ultrahigh-temperature Al-Mg 
granulite from the Southern Marginal Zone of the Limpopo Belt, South Africa. Separate composi-
tions are suggested for the homogenous phase that might have existed prior to the formation of the 
two types of lamellar intergrowths of corundum with orthopyroxene. In the case of random lamellar 
corundum + orthopyroxene intergrowth, the estimated precursor composition is similar to Fe-Mg garnet, 
while, although speculative, an ultrahigh-Al orthopyroxene precursor is suggested to account for the 
exsolution nature of the unique regular subparallel corundum lamellae in orthopyroxene. Considering 
that the stability field of Fe-Mg-rich garnet relative to orthopyroxene + corundum extends to lower 
pressures, the estimated garnet composition (XMg = ~0.65) is most likely stable at low pressures of ~5 
kbar. Such low pressures are further supported by the Fe-Mg-rich garnet compositional nature of the 
pre-spinel-intergrowth orthopyroxene. Given the rare preservation of the mineral assemblages typical 
of prograde metamorphism in granulite facies rocks, our discovery of corundum lamellar intergrowth 
with orthopyroxene from an ultrahigh-temperature Al-Mg granulite is unique. 
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introDuction

Mineral compositions that are stable at high temperature or 
pressure sometimes become unstable as a result of cooling to low 
temperatures or decompression to low pressures. The resulting 
textures (symplectic and/or lamellar intergrowth of two miner-
als) reflect equilibrium and/or non-equilibrium thermodynamic 
information that can potentially be used to infer earlier pressure 
and temperature conditions. This is especially useful in the case 
of granulite facies rocks where mineralogical and mineral chemi-
cal evidence for prograde metamorphism is rarely preserved due 
to high diffusion and high reaction rates that erase evidence of 
the prograde history (Harley 2004; Kelsey 2008). In this study, 
we report on the occurrence of lamellar intergrowth of corun-
dum and symplectic intergrowth of spinel with orthopyroxene 
in an Al-Mg granulite from the Southern Marginal Zone of the 
Limpopo Belt. Belyanin et al. (in review) recently reported 
ultrahigh-temperature conditions for this same granulite. Our 
report is significant considering that granulites that preserve the 
near-peak mineral assemblage orthopyroxene + corundum are 
rare (Kelly and Harley 2004 and references therein), and that 
corundum lamellar intergrowth with orthopyroxene has not been 
previously reported from granulite-facies terrains.

GeoLoGic settinG

The Limpopo Belt of South Africa (Fig. 1), situated between 
the Archean Kaapvaal Craton to the south and the Zimbabwe 
Craton to the north, is a structurally complex high-grade metamor-
phic province that has an exposed strike length of about 700 km 

and a width of about 200 km. The three domains, the Northern 
Marginal Zone, Central Zone, and Southern Marginal Zone, are 
separated from each other and also from the surrounding cratons 
by prominent shear zones. The Northern and Southern Marginal 
Zones, which are composed of reworked rocks of the respective 
cratons, are thrust onto the adjacent cratons along >10 km wide 
steep inward-dipping shear zones at ~2.65 Ga, the North Limpopo 
Thrust Zone and the Hout River Shear Zone, respectively (Kram-
ers et al. 2006 and references therein). Available geochronologic, 
structural, and petrologic data have been interpreted by various 
researchers to show that whereas all three sub-zones have been 
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FiGure 1. Generalized geological map of the Limpopo Belt showing 
the three sub-zones and the location of the granulite studied here (shown 
by star), about 15 km NW of the Bendelierkop quarry. 


