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INTRODUCTION

Insights into the nucleation and growth of crystals during 
metamorphism are essential to understand metamorphic pro-
cesses and can be gained from quantitative textural and chemical 
analyses. Garnets are a crucial record of nucleation, because they 
commonly preserve a record of chemical and textural variation 
over a wide range of metamorphic grades that can be readily 
simplified and interpreted due to their isotropic crystal structure. 
The increasing numbers of CSD studies of garnets in various 
rocks have improved our understanding of their nucleation and 
growth environment (e.g., Kretz 1993; Carlson 1999). Several 
types of CSDs have been documented in various natural rock 
studies; however, the controlling factors of the CSD evolution 
are still debated. Several interpretations of garnet nucleation and 
crystallization mechanisms have been invoked, for example: (1) 
constant nucleation and growth rate with subsequent (Ostwald 
ripening) coarsening (Cashman and Ferry 1988; Miyazaki 1991); 
(2) thermally accelerated, diffusion-controlled nucleation and 
growth (Carlson 1999; Denison and Carlson 1997); (3) continu-
ous nucleation and linear rate of growth (Kretz 1993, 2006); and 
(4) size-dependent crystal growth (Eberl et al. 1998). 

Since being introduced to geology (Marsh 1988), CSD analyses 
have been implemented primarily in igneous rock studies (e.g., 
Cashman and Marsh 1988; Peterson 1990; Armienti et al. 1994; 
Higgins 1996, 1998, 2002; Wilhelm and Wörner 1996; Armienti 

and Tarquini 2002; Martin et al. 2006; Browne et al. 2006; Kin-
man and Neal 2006). In contrast, few CSD analyses have focused 
upon metamorphic rocks (Cashman and Ferry 1988; Carlson 1999; 
Kaneko et al. 2005; Kretz 2006), and ultrahigh-pressure (UHP) 
metamorphic rocks remain unexplored. Moreover, CSD analysis of 
the subduction-related UHP metamorphic rocks not only can shed 
light on the garnet nucleation and growth mechanism but also should 
yield additional insights into subduction and exhumation processes 
as garnets respond to the prograde and retrograde metamorphic 
evolution of their host rocks.

In this study, we examined the size and spatial distribution 
of garnets in eclogites from the Dabie UHP metamorphic belt 
in central China by applying a serial grinding strategy, together 
with garnet chemical analyses by electron microprobe to evaluate 
the capability of CSD analyses to explore nucleation and growth 
mechanisms of metamorphic minerals. Our results highlight 
the importance of linking chemical and textural analysis when 
interpreting the CSDs of minerals in metamorphic rocks.

SAMPLE DESCRIPTION

The eclogites investigated here are located at Taihu in 
southern Dabie, central China, an extensive ultrahigh-pressure 
metamorphic belt that is generally considered as the suture 
zone formed by the collision of the Yangtze and Sino-Korean 
cratons during the Triassic (e.g., Ames et al. 1993; Eide et al. 
1994; Rowley et al. 1997; Hacker et al. 1998; Li et al. 2000). 
Detailed geologic and petrologic descriptions of the studied 
eclogites can be found elsewhere (Wang and Liou 1991; Okay * E-mail: chenghao@mail.tongji.edu.cn
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ABSTRACT

 Crystal-size and spatial distributions of minerals in metamorphic rocks provide insight into their 
nucleation, growth environment, and the metamorphic evolution of their host rocks. Episodic nucle-
ation and growth histories for garnets in eclogites from the Dabie orogen are revealed by variations in 
crystal size, geochemical zoning, and mineralogy of inclusions in garnets. The studied garnets show 
pseudo-lognormal crystal-size distributions (CSDs), prograde chemical zoning patterns indexed by 
mineral inclusions, and are mainly distributed at random. Constant growth rate for each episode is 
proposed based on the mineralogy of inclusions in garnets and the chemical zoning patterns. The 
CSD shapes were evaluated in terms of a size-dependent proportionate growth model and a thermally 
accelerated, diffusion-controlled model but neither is consistent with the geochemical data and the 
concordant occurrence of mineral inclusions in garnet. Initial increasing nucleation rate followed by 
a subsequent, medial stage of nearly constant growth and finally declining nucleation rate is inferred 
from the CSD data. This study suggests that linking chemical analysis with textural analysis is crucial 
to avoid misleading interpretation solely through CSD shapes of minerals in metamorphic rocks.
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