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Metamictization and chemical durability of detrital zircon
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ABSTRACT
We have investigated the effect that metamictization has on the weathering of zircon in detrital
continental sediments and tropical soils of the Amazon basin, Brazil. The degree of radiation damage
in the near-surface region of the zircon grains was determined by Raman microprobe. In each of the
four series investigated (i.e., sediment, podzol, topsoil, and subsoil horizons of lateritic soil), the
degree of radiation damage ranges from less than 1014 to ~3.5 × 1015 α−decay/mg. The maximum
degree of radiation damage coincides with the first percolation threshold of the metamictization
process at ~3.5 × 1015 α-decay/mg. Below this threshold, amorphous volumes in the structure of
damaged zircon are not connected to each other. The ranges of U, Th, and Pb contents (in ppm)
measured by proton induced X-ray emission (PIXE) microanalysis are 100 < U < 7000, 100 < Th <
18000, and 100 < Pb < 1300. Chemical ages, assessed from U, Th, and total-Pb, range between 0.15
Ga and 2.8 Ga. This range is roughly consistent with the ages reported for the Precambrian shields of
the Amazon basin (0.45–3.5 Ga). Corresponding radiation doses range between <2 × 1015 and 3 × 1016
α-decay/mg. Comparison of calculated doses with the degree of structural damage indicates that
most of the zircon grains have experienced significant annealing. However, the degree of annealing
differs from one grain to another. Thus, the acute maximum limit observed for the degree of radiation
damage of the whole zircon series is better explained by low-temperature alteration or weathering
processes than by thermal resetting. Following this interpretation, our results provide evidence for a
dramatic decrease in the chemical durability of zircon in natural weathering environments when the
radiation dose exceeds 3.5 × 1015 α-decay/mg. Below the first percolation threshold, the zircon population survives the soil formation intact, but more damaged zircons are dissolved during weathering/
alteration processes.

INTRODUCTION
Zircon is the most common Zr-bearing mineral in rocks,
sediments, and soils (Hutton 1977). Its chemical durability is
well established (Morton and Hallsworth 1999; Velbel 1999).
Because differences in the Zr-release rates from primary minerals strongly affect Zr mobility in geochemical processes, the
resistance to dissolution of zircon supports the assumption of
Zr immobility during weathering processes. For instance, the
Zr hosted by euhedral zircon grains in the Dondo Mobi lateritic profile (Gabon, Africa) has been successfuly used as an
immobile chemical reference for mass-balance calculations
(Colin et al. 1992). In contrast, the weathering of alkaline rocks
at Poços de Caldas (Minas Gerais, Brazil), where Zr is located
in alkaline and alkaline-earth zircono-silicates, results in a relative loss of ~40% of Zr at the weathering front between bauxite and fresh rock (Duvallet et al. 1999). Differences in
Zr-bearing minerals (e.g., aegirine, arfvedsonite vs. zircon)
among igneous source rocks is also an important factor in determining the availability of Zr to hydrothermal fluids (Rubin
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et al. 1993). In many cases, zircon will exert control, as a “residual phase,” over element distribution (Ayers and Watson
1991). However, under specific environments such as CO2-rich
hydrothermal fluids (Carroll 1953) or supergene accumulations
of organic matter (Oliva et al. 1999), zircon may dissolve. Additionally, dissolution features have been observed at the surface of zircon grains from laterites (Carroll 1953), and a loss
of Zr relative to Th, suggesting dissolution of zircon, has been
measured in laterites developed on granite at Pitinga, Brazil
(Nahon and Merino 1997) and on Precambrian gneiss at
Goyoum, Cameroon (Braun et al. 1993). Weathering of zircon
also has important environmental implications because zircon,
which may easily incorporate 10 wt% of actinide elements, is
a proposed nuclear waste form (Ewing 1999).
Metamictization of zircon, i.e., the loss of the periodic crystal
structure, occurs as a result of the accumulation of radiation
damage over time (Holland and Gottfried 1955). In natural zircons, metamictization is the result of the radioactive decay of
U and Th incorporated during crystal growth (as well as from
decay of their daughter products). The α-recoil nuclei directly
amorphize the structure, whereas point defects created by αparticles, together with the tangent stress from adjacent amor-
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