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INTRODUCTION

Chemical zoning of metamorphic garnets has been regarded 
as the key to deciphering P-T paths of metamorphism, to eluci-
dating evolution of metamorphic ß uids and deformation, and to 
interpreting the ages of metamorphism. This is a consequence of 
garnet showing a large degree of compositional variability over 
a wide range of metamorphic grades and garnet having cation 
diffusion sufÞ ciently slow to retain compositional differences 
within single grains. For example, utilizing major elemental 
zoning in metamorphic garnets, both prograde and retrograde 
P-T histories have been widely documented (e.g., Hollister 
1966; Loomis 1975; Lasaga 1983; Spear and Selverstone 1983; 
Perchuk et al. 1999). Studies of both trace- and major-element 
zoning in garnets from rocks of various metamorphic grades 
provide additional information regarding garnet growth and 
resorption, ß uid budgets, mineral breakdown, and kinetic ef-
fects (e.g., Hickmott et al. 1987; Lanzirotti 1995; Chernoff and 
Carlson 1999; Otamendi et al. 2002; King et al. 2004). Some 
metamorphic garnets display microstructures such as coronas, 
symplectite texture, Þ shnet texture, atoll structure, and patchy 
growth fabrics. The particularly intriguing atoll microstructures 
are thought to be a special variety of corona texture consisting 
of a garnet ring surrounding a mixture of several other phases 

and/or island-shaped garnet fractions (Passchier and Trouw 
1998). Several genetic mechanisms for their formation have been 
proposed, including overgrowth, selective replacement, multiple 
nucleation, and coalescence of grains. However, the mechanism 
of atoll textures remains unclear (Green 1915; Atherton and 
Edmunds 1966; Smellie 1974; Dobbs et al. 2003). Understand-
ing the genesis of atoll garnets in high-pressure metamorphic 
eclogites may yield further insights into processes associated 
with slab subduction and/or exhumation.

Here, we present electron-microprobe (EMP) and ion-micro-
probe (SIMS) analyses for the major- and trace-element proÞ les 
in both normal and atoll-shaped garnets in an eclogite from the 
Dabie ultrahigh-pressure (UHP) metamorphic belt in east-central 
China. These data, in combination with quantitative crystal-
lographic orientation measurements determined by electron 
back-scatter diffraction (EBSD) patterns, show that breakdown 
of garnet may occur from the interior, and that growth is not 
strictly from core to rim. These data may also shed new light on 
the mobility of trace elements during continental slab exhumation 
and highlight the importance of linking the chemical composi-
tion of minerals with their microstructures when interpreting the 
evolution of metamorphic rocks.

SAMPLES AND METHODS
The eclogites under investigation are located at Huangzhen in southern Dabie, 
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ABSTRACT

Detailed electron- and ion-microprobe analyses were carried out on atoll-shaped and normal 
garnets in ultrahigh-pressure (UHP) metamorphic eclogite from Dabie, east-central China. Composi-
tional proÞ les of both normal garnets and rings of atoll garnets show well-preserved growth zoning 
with a decrease in Mn, Ca, and heavy rare earth elements (HREEs), and an increase in Mg toward 
rims. Manganese and middle rare earth element (MREE) enrichments are observed near garnet rims. 
Island- and peninsula-shaped garnet inside atolls are homogeneous in major elements and show 
the same composition as garnet rims, whereas the HREE concentrations are similar to those of the 
normal garnet cores. Electron back-scatter diffraction (EBSD) analyses show that the island- and 
peninsula-shaped garnet fractions inside atolls have crystallographic orientations identical to that of 
the atoll rings. These observations suggest that the atoll garnets were formed by the consumption of 
earlier-formed cores by ß uid released from both hydroxyl exsolution from the nominally anhydrous 
minerals (NAMs) and lawsonite decomposition at the onset of exhumation, (i.e., garnet breakdown 
was from the inside and re-growth from outside to inside). Though somewhat restricted, this study 
reveals that because garnet and zircon act as sinks for HREEs and Zr, respectively, the majority of 
released HREEs and Zr were likely re-incorporated into newly grown garnet and zircon during the 
Dabie UHP metamorphic slab exhumation.
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