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INTRODUCTION

The U-Pb system in the mineral zircon is a powerful geo-
chronological tool due to the ability of the undamaged zircon
lattice to retain U and Pb quantitatively under even the most
severe conditions in the Earth’s crust (e.g., Krogh 1982). For
example, zircon grains can survive high-grade regional meta-
morphism, even partial melting and incorporation into newly
formed magmas, without losing U-Pb signatures (e.g., Mezger
and Krogstad 1997). It is also well known that if sufficient ra-
diation damage accumulates in high-U zircons, the retentive
nature of zircon can be compromised severely and this may
lead to open-system U-Pb behavior (primarily by Pb loss) at
relatively low-grade conditions (Silver and Deutsch 1963;
Pidgeon et al. 1966; Chakoumakos et al. 1987). Open-system
behavior produces discordance in the U-Pb isotopic systems, a
feature that can be used to infer Pb loss. However, in the study
of high-grade rocks that have had a complex polyphase his-
tory, it can be difficult to determine if discordance is simply
the product of Pb loss from radiation damaged domains, or from
other processes such as the partial or complete recrystalliza-

tion of zircon (Pidgeon 1992; Vavra et al. 1996), or the devel-
opment of new zircon overgrowths on cores of older zircon.
The techniques of imaging, spectroscopy and in situ SIMS (Sec-
ondary Ionization Mass Spectrometry) analyses of single grains
or parts of grains greatly enhance our ability to decipher which
processes were active.

We report here a study of unusual zircons from a strongly
deformed mylonitic gneiss occurring within a shear zone in
the Fennoscandian Shield of central Sweden. Our initial moti-
vation in studying these mylonites was to constrain the age of
the high-grade ductile deformation that affected these rocks,
which we were able to determine as Paleoproterozoic (ca. 1800
Ma) through U-Pb dating of metamorphic titanite and Sm-Nd
analyses of metamorphic minerals that recrystallized during
the deformational event (Högdahl et al. 1996). In the course of
that study, we identified a population of small translucent to
milky zircon grains with very strong Paleozoic discordance and
medium to low degrees of crystallinity. We describe here the
nature of these and other zircons from the mylonitic gneiss, as
determined by cathodoluminescence (CL) imaging, laser
Raman, spectroscopy and U-Pb systematics by TIMS (Ther-
mal Ionization Mass Spectrometry) and SIMS analysis. We then
consider the roles that radiation damage and fluid-mediated* E-mail: karin.hogdahl@nrm.se
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ABSTRACT

Uranium-rich zircons from a Paleoproterozoic, high-grade deformation zone in the Fennoscandian
Shield, central Sweden, show an almost complete resetting of the U-Pb system in early Phanerozoic
time. A mylonitic gneiss in the deformation zone contains two types of highly discordant (>70%),
U-rich zircons: large, brown, cloudy prisms, and small milky-white irregularly shaped grains. The
gneiss also contains mostly clear prismatic zircon of lower U content with mildly discordant to
concordant U-Pb ages. Laser Raman spectroscopy reveals that the dark cathodoluminescent areas in
brown zircons have a highly metamict crystal structure, whereas the structures of both the dark
cathodoluminescent milky-white grains and the bright cathodoluminescent clear prisms have higher
degrees of crystallinity.

Age dates obtained by U-Pb SIMS analysis of 40 zircons of the three types described above
range continuously from concordant at 1871 ± 11 Ma to 98% discordant at 384 ± 15 Ma. The
strongly discordant zircons clearly have suffered severe disturbance at about the time of the
Caledonian orogeny. However, Caledonian metamorphic temperatures and pressures in this region
did not exceed 150–200 °C and 1–3 kbar, too low to strongly disturb the U-Pb systematics in non-
metamict zircon by thermal means alone. Independent evidence indicates that saline fluids were
circulating in the Paleoproterozoic basement rocks at this time, possibly driven by hydrological
gradients generated in front of the encroaching Caledonian orogenic wedge. These low-tempera-
ture saline fluids are inferred to be responsible for causing both strong Pb loss in the mostly metamict
brown zircons via a diffusive process, and the formation of small milky-white zircon via a low-
temperature recrystallization or dissolution/re-precipitation process.


