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Abstract
In this paper, we describe an in situ non-destructive technique to identify areas within zircon crystals that have experienced fluid exchange. We show that Raman spectroscopy combined with electron
microprobe trace-element analysis can be used to pinpoint areas in altered, complexly zoned, and
metamict zircon that record the original magmatic compositions. These techniques are developed on
a suite of Paleoproterozoic zircon crystals from the Scourie dike swarm in the Archean gneiss terrane
of NW Scotland that are known to be anomalously low in δ18O.
We show that zircons from the Scourie dikes record extremely low-δ18O isotopic compositions
down to approximately –3‰, which reflect their magmatic values. Zircon populations from the dikes
have a range in δ18O from low values (<0‰) up to ~5‰ with no obvious relationship between oxygen
isotopic composition and cathodoluminescence. Raman spectra from the zircons show evidence for
fluid interaction in some areas of the grains because of partial recrystallization and atypical radiation
damage properties. Electron microprobe analysis in the same areas documents high (>1000 ppm) U
concentrations and high (>1000 ppm) abundances of non-formula Ca. When the combined Raman
and electron microprobe data are used to filter the oxygen isotopic data, the fluid altered areas of the
grains show consistently higher δ18O values than the areas without evidence for fluid alteration. The
low-δ18O values therefore reflect the original magmatic composition of the grains and indicate that
the Scourie dike magmas were low in 18O. We suggest that these non-destructive techniques should
be used prior to SIMS analysis of complex zircons to target the least disturbed areas of the grains.
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Introduction
In magmatic systems, oxygen isotopes are used to probe
the origin of magmas, evaluate inter-mineral equilibrium, and
calculate the temperatures of mineral pairs (e.g., Valley et al.
1986; Valley and Cole 2001). The oxygen isotopic composition
of a rock can be altered through geological processes, such as
metamorphism, where increased temperatures and fluid-rock
interaction enhance isotopic exchange between minerals via grain
boundary and volume diffusion (see Valley 2001). Hydrothermal alteration may also significantly alter the oxygen isotopic
composition of a rock through exchange between the minerals
and the fluid, thereby reducing the ability to obtain meaningful
geological information about its origin.
Zircon is one of the most robust recorders of the oxygen
isotopic composition of a magmatic rock as it may retain the
original isotopic signature through high-grade metamorphism
and even anatexis (see Valley 2003). Both experimental and natural samples suggest that oxygen isotopic diffusion in crystalline
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zircon is extremely slow even at high temperatures (Muehlenbachs and Kushiro 1975; Cherniak and Watson 2003; Page et
al. 2007; Bowman et al. 2011). However, damage to the zircon
crystal structure can occur through several processes, including
radiation damage due to the presence of elevated concentrations
of radioactive elements U and Th (Booth et al. 2005). Enhanced
radiation damage creates amorphous domains and a porous structure that is susceptible to fluid infiltration and oxygen isotopic
exchange (Valley et al. 1994; Geisler et al. 2003a).
Zircon that has experienced fluid exchange may be indirectly
identified because the exchanging fluid causes disturbance in
other geochemical properties of the crystal, not simply oxygen
isotope systematics (e.g., Valley 2003; Valley et al. 2005; Cavosie
et al. 2005, 2006; Booth et al. 2005). Zircons that have experienced fluid exchange typically have disturbed U-Pb isotopic
systematics, recognized by discordance in their 206Pb/238U and
207
Pb/235U dates (e.g., Krogh 1982; Valley et al. 1994; Geisler et
al. 2003b, 2003c; Breeding et al. 2004), alteration of zoning seen
in cathodoluminescence (CL) and backscattered electron images
(Corfu et al. 2003; Geisler et al. 2007), elevated trace element
contents (Geisler 2002; Geisler et al. 2003b; Rayner et al. 2005),
as well as disturbance of the oxygen isotope systematics (Valley
et al. 1994; Valley 2003).
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