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absTracT

Growth histories recorded in garnet grains in metasedimentary rocks from the Sanbagawa belt in 
Japan and the Mogok belt in Myanmar were analyzed using an effective combination of electron back-
scatter diffraction (EBSD) and electron probe microanalysis (EPMA) data. Garnet in the Sanbagawa 
metapelite has inner and outer zones that formed in the eclogite and epidote-amphibolite facies stages, 
respectively. Based on EPMA element mapping, this garnet appears to have grown as a single crystal 
with a temporal break in growth between the inner and outer zones that occurred during exhumation. 
The EBSD data, however, document that the garnet grain is composed of four domains. The misori-
entation angles of crystallographic orientations between the domains are as large as 59°, and domain 
boundaries crosscut the growth zoning and the compositional boundary between the inner and outer 
zones. Sets of quartz grains included in the garnets on either side of the domain boundaries sometimes 
share the same crystallographic orientation with misorientation angles less than 4°. The garnet grains 
formed via a three-step process of prograde crystallization of polycrystalline garnet during the eclog-
ite facies stage (inner zone) → resorption around garnet rims and along domain boundaries during 
exhumation → crystallization of the outer zone and in the domain boundaries during the prograde 
epidote-amphibolite facies stage.

The garnet porphyroblasts in the Mogok pelitic gneisses, which formed during prograde metamor-
phism to the upper amphibolite-granulite facies (0.6–1.0 GPa/780–850 °C), are now separated into 
segments of various sizes by mosaic or symplectite aggregates of biotite, plagioclase, and quartz or 
monomineralic biotite veins. The segment texture formed at about 0.3–0.4 GPa/610–650 °C or lower-
grade conditions. The EBSD analysis shows that most of the segments share the same crystallographic 
orientation with misorientation angles less than 4° and show no evidence of deformation and/or 
rotation processes after segmentation. These data suggest that the Mogok sample did not experience 
dynamic deformation of the garnet grains after the resorption and segmentation stage and may have 
been exhumed under static conditions from depths of 9–12 km.
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inTroducTion

Garnet grains serve as an important time capsule by recording 
the metamorphic evolution of their host rock. Pioneering work 
by Banno (1965), using electron probe microanalysis (EPMA), 
showed compositional heterogeneity of garnet grains in San-
bagawa metapelites and concluded that prograde garnet grains 
commonly have bell-shaped Mn zoning and are not in complete 
equilibrium with other matrix phases during prograde metamor-
phism. Thompson et al. (1977) correlated compositional zoning 
in garnet with the nature and distribution of its inclusions in the 
Gassetts schist from Vermont to reveal the paragenetic history of 
rocks from upper greenschist to lower amphibolite facies condi-
tions. This might have been one of the earliest efforts to exploit 
the mineralogical characteristics of garnet for interpretation of 

metamorphic pressure (P) and temperature (T) paths, and it is a 
concept that has been extensively developed ever since. More-
over, pioneering work by Fliervoet et al. (1997) on deformation 
(D) mechanisms in ultramylonites from the Redbank Deformed 
Zone, Central Australia, recognized electron backscatter diffrac-
tion (EBSD) as an important tool in the analysis of garnet growth.

Garnet generally shows concentric bell-shaped Mn-zoning, 
which is considered to be formed by nucleation and subsequent 
continuous growth. Single garnet grains, however, sometimes 
exhibit multiple regions of high Mn content, which is considered 
to represent discrete garnet nuclei and their coalescence to form a 
large porphyroblast (e.g., Spiess et al. 2001; Okamoto and Mich-
ibayashi 2006). In contrast, Hirsch et al. (2003), using EBSD, 
quantitatively measured the crystallographic orientation of gar-
net porphyroblasts with multiple domains of Mn-zoning from 
Harpswell Neck, Maine, and concluded that they exhibited no 
variation in crystallographic orientation among domains. Thus, a 
new concept for the growth model of a complex-zoned garnet was 
proposed in which precursor phases rich in Mn were overgrown, 
and their Mn was incorporated locally into the garnet structure. 
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