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INTRODUCTION

Aluminous granulites are keys to understanding the tectono-
thermal history of high-grade terranes, particularly those that 
have experienced ultrahigh-temperature (UHT) metamorphism 
because of the presence of many reaction textures mostly de-
veloped during retrograde evolution of the rocks (Harley 1998). 
These textures are conventionally interpreted in appropriate pet-
rogenetic grids to deduce the retrograde pressure-temperature 
history of the rocks. However, due to extreme temperatures and 
attendant higher diffusion rates, evidence of the prograde arm 
of the P-T path is seldom preserved in such rocks. The situation 
is quite unlike contact metamorphosed terranes, where prograde 
development of symplectites (due to heating) is common (Pitra 
and de Waal 2001; McFarlane et al. 2003). The characteristic 
assemblage containing sapphirine, spinel, osumilite, and ortho-
pyroxene in the presence of quartz is stabilized in aluminous 
granulites under extreme thermal conditions (Harley 1998, 
2004; Harley and Motoyoshi 2000). Orthopyroxene in such 
assemblages is characteristically aluminous, and may contain 

up to 12.7 wt% Al2O3 (Harley and Motoyoshi 2000; Brandt et 
al. 2003), and such high-Al orthopyroxene is the most reliable 
indicator of UHT metamorphism (Harley 1998, 2004). Theoreti-
cal (Gasparik 1994) and experimental (Anastasiou and Seifert 
1972; Arima and Onuma 1977; Hollis and Harley 2003) studies 
have conÞ rmed the highly aluminous nature of orthopyroxene 
under UHT metamorphic conditions. Aluminous orthopyroxene 
may contain several types of intergrowth textures involving sap-
phirine, cordierite, garnet, and spinel that are produced during 
cooling/decompression from the metamorphic peak (Harley 
1985; Nicollet 1990; Harley and Motoyoshi 2000; Bose et al. 
2000). In this communication we emphasize a unique intergrowth 
of spinel in porphyroblastic garnet in an aluminous granulite 
from the regional UHT metamorphosed Eastern Ghats Belt, 
India, and discuss possible reactions to explain the origin of the 
intergrowth. We describe and interpret other reaction textures 
from the same rock that presumably developed during prograde 
metamorphism. 

BACKGROUND GEOLOGY

The Eastern Ghats Belt (Fig. 1) is a regional granulite terrane 
that was affected by tectonothermal events ranging in age from 
at least Meso- to Neoproterozoic time. It constitutes a crucial 
crustal block of the Proterozoic East Gondwana (Dobmeier and 
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ABSTRACT

UHT metamorphosed aluminous granulites from the Eastern Ghats Belt, India, contain contrast-
ing mineral assemblages in closely spaced domains. Reaction textures and mineral chemistry in one 
domain are consistent with prograde metamorphism. A unique intergrowth texture is found in garnet 
porphyroblasts from the other domain. Lamellar to vermicular intergrowth of spinel solid-solution 
occurs in garnet, particularly in the central part of the porphyroblast. Locally, sapphirine, overgrowing 
spinel, is also intergrown with garnet. Three possible mechanisms are discussed to account for the 
garnet-spinel intergrowth: (1) from early stabilized orthopyroxene + sillimanite; (2) spinel forming 
pseudomorphs after early sillimanite inclusions in garnet; and (3) from an early stabilized hypothetical, 
highly aluminous orthopyroxene involving a complex reaction between the (Fe,Mg)-Tschermak and 
Fe3+-Tschermak components. Sapphirine is produced by a reaction involving spinel and aluminous 
pyroxene. Regardless of the exact mechanism, available thermodynamic data suggest that all such 
reactions presumably occurred due to loading and/or heating during prograde metamorphism consis-
tent with the conclusion from the other domain. Such an intergrowth texture has not been reported 
previously in aluminous granulite parageneses, but these could provide crucial information regarding 
the prograde segment of the metamorphic evolution of deep crustal rocks.
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