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abStract

We present an electron backscatter diffraction, cathodoluminescence, and radiogenic U-Pb dating 
study of large zircon grains (0.8–1.5 mm) that show evidence of intracrystalline deformation, fractur-
ing, grain size reduction and a large spread in U-Pb ages. The samples are from an amphibolite facies 
deformation zone within granulite facies anorthositic rocks (Bergen Arc, Norway). Large zircon grains 
show three main lattice distortion types: (I) distortions with rotations around <001> and an orienta-
tion change of ∼0.3 °/µm subparallel to (100); (II) highly distorted, half circular shaped zones located 
at grain edges with at least 0.8–1°/µm distortions; and (III) low-angle boundary networks forming 
deformation zones up to 100 µm wide. Types II and III distortions exhibit significant disturbances of 
the otherwise homogeneous CL signature.

Crystal plastic deformation with the slip system [010](100) resulted in type I distortions. Stress 
concentrations at grain contacts between rheologically hard grains caused localized crystal plastic 
deformation with minor amount of microfracturing forming type II distortions. Type III distortions 
formed by crystal plastic deformation often associated with inclusions using several slip systems. 
Distortions of types I and II show minor and moderate resetting of the original ca. 900 Ma zircon 
grains, respectively, due to enhanced pipe diffusion along dislocation walls. In type II distortions, 
accelerated lattice diffusion through the highly distorted crystal lattice, combined with exceptionally 
high boundary to volume ratio, caused significant chemical disturbance and age resetting to 410 Ma. 
Fine-grained aggregates contain grains with low internal deformation and an oscillatory zoned CL 
signature (Z-grains) or high internal deformation and a disturbed CL signature (D-grains). Z- and D-
grains are interpreted to have formed by heterogeneous nucleation and growth, and fracturing along 
strain-hardened low-angle boundaries present within types I and II, respectively. Z-grains show a 
clustered chemical signature with a 437 ± 11 Ma age interpreted to directly date the Caledonian 
amphibolite facies reworking.
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introduction

The common accessory mineral zircon (ZrSiO4) has the abil-
ity to incorporate and retain geologically important trace and 
rare earth elements (REE). Zircon grains are widely used for 
radiometric dating to determine the age and time of metamor-
phism of rock units with the U-Pb system. Disciplines in which 
zircon is used include petrogenesis of igneous rocks (e.g., Hoskin 
and Schaltegger 2003 and references therein), sedimentary 
provenance studies (e.g., Gray and Zeitler 1997; Gehrels et al. 
1999) and metamorphic processes (e.g., Arnes et al. 1996; Frazer 
et al. 1997; Bingen et al. 2001a; Rubatto 2002). It is generally 
assumed that zircon is both physically and chemically durable. 
Empirical evidence shows that zircon can preserve geochemical 

information through weathering and high-grade metamorphism 
(e.g., Möller et al. 2002). Experimental determination of diffusion 
rates within pristine zircon grains show that significant diffu-
sion can only occur at extreme temperatures (e.g., Cherniak and 
Watson 2003). Furthermore, Austrheim and Corfu (2009) state 
that planar deformation features do not result in any significant 
amount of Pb loss. However, diffusion at lower temperatures has 
been documented (e.g., Gebauer and Grünenfelder 1976; Geisler 
2002) and is commonly interpreted to be the effect of annealing 
of metamictization representing radiation damage of the mineral 
lattice (e.g., Geisler 2002; Mezger and Krogstad 1997; Lee and 
Tromp 1995). In addition, in the last five years, increased ele-
ment mobility within zircon due to crystal plastic deformation 
has been documented (Timms et al. 2006, 2012, 2011; Reddy et 
al. 2009, 2007, 2006). In these studies, low-angle boundaries, * E-mail: sandra.piazolo@mq.edu.au 


