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INTRODUCTION

Rare-earth elements (REE) are important for tracing petroge-
netic processes (e.g., Anderson 1994; Chauvel and Blichert-Toft 
2001; Deckart et al. 2005; Gibson et al. 1999). Partitioning of 
REE into garnet plays a major role in this respect, in that HREE 
are strongly fractionated into garnet relative to the LREE (Green 
et al. 2000; Harrison and Wood 1980; Johnson 1998; Klein et al. 
2000; Sisson and Bacon 1992; van Westrenen et al. 2001). They 
also form the basis for two important dating methods (Sm-Nd and 
Lu-Hf) and thereby, also for the computation of cooling/uplift 
rates of tectonic terranes (e.g., Scherer et al. 2000; Schmitz et 
al. 2004; Thöni 2002; Timmermann et al. 2004). In particular, 
the accuracy of determined Sm-Nd ages often rests heavily on 
the analyzed garnet isotopic composition. Understanding the 
behavior of REE in minerals in general and in garnet in particular 
is therefore essential. 

Natural garnets commonly contain a few parts per million of 
Y, Sc, and HREE, whereas the garnet described here contains 
a few wt% of these elements. It can be analyzed by an electron 
microprobe (EMP) at a spatial resolution otherwise not obtain-

able from instruments with lower detection limits, such as SIMS 
or LA-ICPMS, allowing us to resolve the details of the zoning 
proÞ les. Furthermore, the garnet-grains record two different 
metamorphic events, corresponding to a pressure increase of 
several kbars and a temperature decrease of ca. 200 °C, and 
therefore offer a unique chance to study redistribution of Y and 
HREE in response to changing P-T conditions.

In the interpretation of ages obtained by isotopic methods, 
the concept of closure temperature is often used, where the 
exchange of REE between garnet and the surrounding matrix 
is mainly regarded as a solely temperature-controlled, volume-
diffusion process, in contrast to mobility through an imperfect 
lattice. Blocking temperatures for the Sm-Nd system calculated 
for garnets with a radii of 1.5 mm and for a cooling rate of 2 
°C/Myr range between 650 ± 30 °C (Mezger et al. 1992) to ~740 
°C (van Orman et al. 2002). However, in nature, deformation 
will generally accompany metamorphism and its role cannot be 
neglected. For example, microfracturing promotes reequilibra-
tion by opening ß uid pathways for element exchange within and 
between minerals (Erambert and Austrheim 1993; Straume and 
Austrheim 1999). It has also been suggested that deformation 
may increase intracrystalline diffusion by increasing the dislo-
cation density (e.g., Chakraborty and Ganguly 1991), but this * E-mail: t.s.rohr@geo.uio.no
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ABSTRACT

Almandine garnet (Alm62.6Pyr11.4Sps8.4And6.5Grs4.0) exceptionally rich in Y2O3 (1.8�2.3 wt%), Sc2O3 
(0.11�0.23 wt%), HREE2O3 (1.9�2.3 wt%), and Na2O (~0.3 wt%) occurs in Precambrian quartzofeld-
spatic granulites (T ~ 860 °C) on Hisarøya, Western Gneiss Region, Norway. The granulites were 
partially reequilibrated to eclogite-facies (P = 14.9 ± 1.3 kbar, T = 649 ± 67 °C) and amphibolite-fa-
cies assemblages during the Caledonian Orogeny. The granulite-facies garnet is reequilibrated in an 
outer zone, typically ~4 μm thick, where both Y2O3 and HREE2O3 concentrations decrease to 1.2 wt%, 
and overgrown by Caledonian garnet with Y2O3 and HREE2O3 both below 0.1 wt%. The granulite-
facies cores are also reequilibrated to lower Y2O3 and HREE2O3 (both ~1.8 wt%) along deformation 
structures including microfaults with horsetails, en-echelon bands, and splaying features around the 
tip of fractures. Locally, these reequilibrated zones, typically 10�20 μm across, have shoulders with 
higher Y and HREE (~2.9 wt%) than in the original garnet, suggesting closed-system behavior for 
these elements. In addition, the garnet locally displays a complex mesh-like pattern with high and 
low HREE and Y bands, possibly related to strain. Two charge-balancing mechanisms account for 
Y and HREE incorporation: (1) the yttrium aluminum garnet (Y2Al2O6, YAG) substitution involving 
incorporation of Al into the tetrahedral site is dominant in the granulite-facies garnet, and (2) coupled 
substitution with Na into the dodecahedral site is increasingly important during high-P reequilibra-
tion. The internal closed-system reequilibration of the granulite-facies garnet may be related to stress 
concentrations build up in garnet during the eclogite-facies event. Local stress concentrations during 
propagation of fractures may be the driving force behind the redistribution of elements seen within 
cores of granulite-facies garnet.
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